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I have the honor to transmit herewith a report on 
employment and productivity in the beet-sugar industry. 
This report presents Q detailed picture of the economics 
of the industry and the place of technological change in 
its growth. Against this background it analyzes the 
industry's trends of employment and output perman-hour. 

Since its origin beet-sugar manufacture has been 
highly mechanized) and since the World War there have 
been no major changes in methods. Yet during this pe
riod labor requirements per bag of sugar produced have 
been more than cut in half. Another report of the 
National Research Project dealt with the raising of 
sugar beets and showed that at the agricultural end 
of the industry labor requirements per ton of beets 
have also been considerably reduced. For the most 
part} this was due to the introduction of tractors and 
trucks andthe adoption of larger J more efficient equip
ment for field work. Recent development of economical 
blocking and harvest ing machinery foreshadows reduced 
employment for many of the hand workers who have done 
50 to BO percent of the labor on the crop. 

rt is estimated that more than 260,000 persons find 
some employment in the growing of sugar beets and the 
manufacture of beet sugar. The industry is necessarily 
a seasonal one) however} and the great rna jori ty of these 
people work in the industry for less than iOO days during 
the year. The factories employ 20,000 to 30,000 workers 
during the 2- or :>-month ucampaign" period of sugar 
making which follows the harvest} but employ only :>,000 



or 4,000 workers during the intercampaign period. In 
1933 there were approximately 70.000 sugar-beet growers 
and 160.000 workers in the beet fields. On the agricul
tural endJ activity inbeet-suqar production is intermit
tent throuqh the growing season J with labor-requirement 
peaks for thinning in the spring and harvesting in the 
fall. Over a sea&on of 6 months the field laborer has 
perhaps 90 days of work in beets. The bulk of the field 
work is done by transient or casual workers J and very 
few of these get jobs in the factories after harvesting 
has been completed. 

Even if the daily earnings were high - and in the 
beet fields they certainly aTe not - the small number 
of days per year that most of the industry's labor 
force is employed would mean low annual earnings and 
dependence on some other source for a part of the annual 
income. It is estimated that the average earnings of 
factory workers during the campaign are about $225. 
The earnings of families who do the hand work on the 
beet crop on Q contract basis have been found to be 
anI Y Q few hundred dolla:rs J or considerably less than 
is required for support throughout the year. Opportuni
ties ror other employment in the beet-growing regions J 
either in agriculture or other industries J are usually 
very limi tedJ and sugar-beet workers have therefore 
frequently had to resort to public relief with the 
result that in important beet-sugar-producing regions 
these workers have represented a high proportion of the 
public relief burden. 

This reportJ prepared by Raymond K. Adamson and 
Miriam E. West J is a product of a cooperatiye arrange
ment between our Nat ional Research Project on Reemploy
ment Opportuni ties and Recent Changes in Industrial 
Techniques and the Nat ional Bureau of Economic Research. 
The group of "Studies of Productivity and Employment 
in Selected Industries H was supervised by Drs. Harry 
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PREFACE 

In recent years the tendency in most indust ries has been toward 

the adoption of many small improvements whose cumulative effect 

results in important reductions in unit labor requirements. The 

beet-sugar industry illustrates this tendency. 

Beet-sugar manufacture is one of the small chemical-process 

industries of the United States, employing 20,000 to 30,000 wage 

earners during the fall "campaign" of operation, which lasts on 

t he average abo!l t 70 days, and 3. OOQ or 4-, 000 workers during 

the intercampaign months. Supplying a vi tal consumers' g00d 

and benefiting from tariff protection, the industry was little 
affected by business-cycle conditions and grew rapidly from itg 

beginnings about 1890 to an all-time peak output in 1933-

The man-hours required in the processing plants per loo-pound 

bag of sugar produced declined by 53 percent between 1917 and 

1935, or from 1.06 to 0.50 man-hours. This was due almost en

tirely to minor improvements throughout the plants which ac

celerated the production process and increased the yield of 

sugar from the beets. The increased application of electricity 

made possible the introduction of Ii variety of instruments and 

other devices which facilitated more precise control of chemical 

processes and the mechanization of handling operations. Advances 

in the knowledge of chemistry have brought minor though cumula

tively important refinements in processing. Machine designs have 

been improved and operations made mechanically more efficient. 

During the period from 1890 to 1913 the increase in beet-sugar 

product ion was great enough to require increased emploYment in 

spite of rising productivity. After 1920 the product ivity in

creases were accompanied by a sufficiently rising volume of pro

duction to maintain employment approximately level. The number 

of tonS of beet sugar produced annually during the period 1930-35 

was about 1,300,000. The limi t for expansion of production by 

1940 may be reasonably set at the quota of 1,14-87,000 tons of 

sugar fixed for 1937-38 under the Sugar Control Act, Should 

productivity continue to increase at the rate which prevailed 

during the lo-year period 1926-35, the man-hours of employment 

required to fill that quota in 1940 would be about the same as 

in 1935-36, when only 1,186,000 tons were produced. The recent 

xv 



xvi PREFACE 

types of technological change in the beet-sugar industry are es

pecially significant, since they involve relatively small capital 

outlays and therefore a relatively small offset in other indus
tries to any decline in the labor requirements of the beet-sugar 
industry which may result from the increased productivity. 

PHILADELPHIA 

Augus t 23, 1938 

DAVID WEINTRAUB 

IRV INa KAPLAN 



INTRODUCTION 

This is a case ~tuciy in industrial change, having as its major 

objective the attainment of a fuller understanding of the effects 

of such change upon labor displacement and reahsorption. 

The processes by wh ic h employmen t opport U oi ties are en larged 

or restricted can by no means be reduced to a few simple rules. 

Industries differ widely in their economic characterist ks I and, 

in turn, the type, rapidity, and effects of technologicaJ change 

vary with the conditions and characteristics of the industry. 

Hence, the impact of technological change must, if it is to be 

understood, be examined under diverse conditions, i. e., in in

dll~tries having varied economic characteristics. 

This report covers one of a group of five industries examined 

according to a common pattern of analysis. The fivE' selt"cted 

industries are brick and tile, portland cem('nt, wht'at flour, 

lumber, and beet sugar. These industries were selected chif:'fly 

because the principal product of each is rplatively sta.ndardizt~d. 

While, except in the lumber industr~, the numher of workers E'm

ployed in any ()ne of them is not lar~e, it is also trne t!Jat the 

very lar~e industries must, as a rule, he broken dm.m into smaller 

segments to attain a workrtble homogeneity of output and economic 

charac teris tics. The def in ilion of the SCOp€' of the ind us try 

and the collection of the necessary data are simpler fora small, 

relatively homogeneolls industry like beet sugar than for an 

eqllally fln1nogenE'ons segment of a lar;:er industry. It is be

lieved that the behavior patterns ascertaint"d for these relatively 

s1llall :lildustries will be of value as case studies illustrating 

the way in which changing productivity and employmt·nt are probably 

related in other industries. 

The effects of technological change can be studied frnm m?t.ny 

points of view - as revealed in the personal work histories of 

individual workers or in the economic fortunes of selected occu

pations upon which a change impinges, as associated 'i"ith the 

history of whole communities sharing the fate of a flourishing 

or decl ining industry or wi th the history of the development and 

introduction of selected types of machines, or, lastly, (is recorded 

in the0utryut and emploY'llent records of individual establishments 

in selected industries. 

xvi i 



xviii INTRODUCTION 

The last-ment ioned approach is used in the survey covered by 

this report. The unit of analysis is a single, relatively homo

geneous indust ry_. An effort is made to bring to bear on the 

problem all the available pertinent data, but a major distinctive 

feature of the survey is the collection of year-by-year time 

series for indiviQual plants. 

As a minimum these plant series cover employment, in terms of 

man-hours, and output, in standardized uni ts or in a form reducible 

to equivalent units. 1 For many plants supplementary data were 

collected showing major equipment changes and their effects, 

changes in investment in equipment, and changes in the distri

bution of costs, in the volume of power and raw materials used, 

and in the unit prices of products. The period of time covered 

varies. A few records extend back for 25 years or more; for a 

substantial fraction of the beet-sugar industry data are available 

for nearly two decades. 

data could be obtained 

were compiled by field 

As a rule a plant was not surveyed unless 

for at least 7 years. Most of the data 

agents directly from the company records, 

supplemented by verbal information from the plant executives. 

Two other distinctive features of these productivity surveys 

should benoted: tal the attention to the integrated aspects of 

the industry and tbl the effort to relate the changes in produc

tivity to financial and economic characteristics. 

In recognition of the fact that the conditions of operation 

in one stage of an industry may be closely related to changes 

in antecedent and subsequent stages, where adequate data are 

available an effort has been made to appraise the changing labor 

requirements in the entire vertical st.ructure of the industry, 

from the extraction or cultivation of the raw materials to the 

delivery of the finished commodity to the user. In the factory 

stage of some of the industries surveyed, the two decades just 

passed have seen a substantial reduction in the labor required 

per unit of output. It is for this stage that we have been able 

to obtain the more complete and detailed information, but it is 

pertinent to inquire whether or not the available evidence indi

cates that the improvements in product ivi ty in the processing stage 

have been offset by increasing labor requirements in the prep

aration of the raw materials used in the factory or in thedistri

bution of the factory products. In the beet-sugar industry we 

lSee tables B-7 and 8-6 tor plant man-hour ratios derived trom the output 
and employment data. 
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have been able to supplement the detailed analysis of employment 

in the factory with estimates of changes in pmnloyment in the 

growing and transportation of the beets, in the mining and trans

portation of the fuel used in the factory, and in the manufacture 

of machinery for the factories. Also, to supplement the indi

vidual plant data concerning office labor, Mr. H. H. Westenberger 

made a special survey for the National Researt:h Project of chang

ing employment in the central offices of five of the largest 

beet-sugar companies. 

From the point of view of productivity in the over-all vertical 

structure of the industry, the problem of changing labor require

ments may be 5 ta ted thus: Does it take more or less labor for 

the complete production of a good from the initial production 

of raw materials to the delivery to the consumer? Particularly, 

are such improvements in prOductivity as are Observed in the fab

ricating stages of such nature that their result is an increase 

in the labor required per unit of output in other stages of the 

vertical structure? It is conceivable, for example , thata reduc

tion in labor requirements in the processing stage may be accom

plished by a geographical concentration of production which results 

in an offsetting increase in the labor required in distribution. 

The data available for some of the elements in the vertical 

structure are so fragmentary and lacking in precision that the 

picture for the vertical structure can be painted only in broad 

outlines, although enough is known in general fibout th.e changes 

in the allied segments to reach a conclusion as to whether they 

limit materially the significance of the more precisely measured 

Changes in the factory-processing stage. 

An objective description of the rates of Change in employment 

and productivity in an industry and in its constituent parts is 

a necessary first step, but we have sought to supplement this 

minimum Objective analysis with whatever information would throw 

light on the circumstances which have determined the rates of 

change in total employment and in unit labor requirements. 

The general scheme of analysis is to ascertain first what fluc

tuations in employment have taken place in the industry, then to 

examine, in chapter III, theextent to which the observed Changes 

in employment are ascribable to changes in total output and what 

circumstances account forthe changes in the level of production. 

Obviously that portion of the change in employment which is not 

ascribable to shanges in the total volume of output is to be 
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accounted for by changes in the man-hours required per unit of 

output, and this leads, in chapter IV, to a detailed examination 

of the information concerning variation in man-hour ratios af

forded by the records of individual establishments. 

In analyzing these records we have endeavored to differentiate 

between that portion of the observed improvement which arises 

from improvements in productivity in plants after they first 

come into operation and the improvements in the industry as a 

whole arising from a changing plant const i tueDey. It is conceiv

able that the over-all efficiency of an industry may improve 

without any change in productivity in the individual plants. 

This apparent anomaly is readily possible if the more efficient 

existing plants produce an ever larger share of the total product J 

if new plants enter the industryata higher level of productivity 

than the general average, or if the plants which disappear from 

the industry are those with high labor requirements per unit 

of output. 

In the effort to appraise the relative contribution of imprO\·e

ments in existing plants and of ashifting industry constituency 

we are led to examine the variations in man-hour ratios when the 

plants are classified by size, age, geographical location, type 

of mana~ement, degree of mechanization, or major differences in 

processes used. Aside from their contribution to the immediate 

problem stated above, theobserved differences are of interest for 

the light they throw aD the causes of differences in productivity. 

Also, it is pertinent to examine the relative rates of Change 

over time in the man-hour ratios of the several types of plants 

and the variation in rates of change in periods of active and 

of less active operation. 

Special interest attaches, it is believed, to the estimates 

made for each plant of attainable capacity in each year and the 

percen tage of capac i ty ac tually uti 1 ized. In beet-sugar factories 

the conditions of operation are such that the more significant 

figure is average daily slicing of beets rather than percentage 

of capacity utilized, but in the other industries surveyed it 

is found that a large part of the short-time fluctuations in 

man-hour requirements is explainable in terms of the percentage 

of capacity producedw Hence any estimates of the probable future 

employment opportuni ties in an industry must take into consider

ation not only the trend in unit man-hour requirements but, even 
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more, the probab Ie influence on uni t labor requ i remen ts of the 

anticipated volume of output. 

Chapter V is devoted to a summary of the observed employment 

tendencies in the beet-sugar industry, particularly the relAt ion 

between economic characteristics and the change in total employ

ment and in unit labor requirements. 

The present survey has been conducted cooperatively by the 

National Research Project and the National Bureau of Economic 

Research and is, iopart, a continuation of a survey inaugurated 

by the National Bureau of Economic Research in 1927 tnsupplement 

its studies in the changing mechanization of industry. The ini

tia.1 stages of the survey. hereinafter referred to as the "first 

survey", were conducted, under the direction of Mr. Jerome, in 

the summers of 1927, 1928, and 1929, chiefly in portland cement, 

beet sugar, and lumber in the Pacific Northwest, with a smaller 

sampling in brick-and-tile and in wheat-flour manufacture. The 

"second surveytt extended the lumber sample into Southern Pine 

areas and substantially expanded the number of clay products and 

flour-milling establishments studied. Data were obtained for 

as ffiflny years as available, covering output, man-hours of labor, 

and accompanying changes in methods and equipment. The early 

records resulting from the first survey have made it feasiblE: 

to extend the present study further back in time than WOUld other

wise have been possible, for in many instances in the intervening 

pericxl data for the earlier years have been destroyed by the 

companies or otherwise have become unavailable. The results of 

the first survey were partly utilized ina report onNechanization 

in Industry published by the National Bureau of Economic Research 2 

but have never been fully presented. 

The general plan for the second survey followed closely that 

of the first survey, but the SUbject matter of the inquiry wa", 

widened incertain respects, and the broad scope of the National 

Research Project made it possible tobring much suoplp.11lental and 

collateral data to bear upon the findings of the field study. 

The plans for the second survey took form under the general di

rection of Mr. Irving Kaplan, who in his capaci ty as Assoc iate 

Director of the Nation~l Research Project cnordin~ted the work 

of the other sections of the Project whose studies contributed 
to th is report. 

2Harry Jerome, Hechanization in Industry (New York: National Bureau or 
EconomIc Research, publication No. 27. 19341. 
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Dr. Carroll R. Daugherty and Mr. J. van Horn Whipple collabor

ated in the preparation of the schedule pertaining to equipment 

and process changes. Dr. Elmer C. Bratt, who collected thedata 

in the first survey of the beet-sugar- industry, participated 

in the 1936 resur,vey by drawing up some of the schedules used 

and by negotiating with the sugar companies for the necessary 

cooperation. 

The basic information concerning the factory processing stage 

of the industry was obtained by field representatives from the 

records of the beet-sugar companies. The voluntary cooperation 

of the industry was indispensable to the success of the survey, 

and special thanks are due to the many executives who gave gen

erously of their time and advice. Their cooperation was so 

essential and significant as to merit special and individual 

mention, which, obviously, we cannot give without revealing the 

identity of cooperating enterprises. 

The evidence contained in the individual plant histories ob

tained in the field survey has been supplemented by the available 

published data pertaining to the industry and by special tab

ulations of data collected by other Government agencies. For 

the beet-sugar industry we are especially indebted to the Tariff 

Commission fora study of costs of manufacture in which the costs 

were broken down into detailed components, i. e., for groups of 

plants classified by size, by labor requirements per unit of 

product, and by other characteristics. 

To a larger degree than can be readily indicated, these mOno

graphs are the cooperative product of many individuals and groups 

in the Na t ional Research Project. Secondary sources were examined 

by research units under the supervision of Mr. Alexander Gourvitch 

in New York and Mr. William H. Dillingham in Washington, D. C. 

Numerous reports for our use on selected aspects of the develop

ment and economic characteristics of the five industries resulted 

from this work. From the agricultural section of the Project 

was received a report on changing labor requirements in the grow

ing of sugar beets. 3 From the group studying railroad trans

portation came data on the basis of which was estimated the labor 

required in the transportation of various commodities. Valuable 

3Lorlng K. Macy and Others. Changes in TechnoLogy and Labor Require.ents in 
Crop Production: Sugar Beets (Works Progress Adm1nistrat1on. National Research 
ProJect, Report No. A-i. Aug. 1937). 
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estimates of changing labor requirements in the production of 

fuel were prepared by Mr. Nicholas Yaworski. 

The machine-study section of the Project under the supervision 

of Mr. J. van Horn Whipple and Mr. George Perazich made two major 

contriblItions to the productivity studies in the five selected 

industries: tal a report on the evolution of technique and the 
progress of mechanization, dealingwitheach industry, and (bJ an 

estimate by years of the labor utilized in the manufacture of 

machinery fcreach industry, expressed in the ratio form timan-hours 

per dollar" selling price of the machines. These estimates are 

ba:::.ed upon data concerning output and employment obtained from 

the records of establishments making machinery for the use of the 

five industries covered by the productivity surveys. 

The rinalysis of the mechanization data was supervised by Mr. 

A 1.f red J. Van Tassel and the analysis of labor utilized in the man

llfact!lre of machlnerywas supervised byDr. Solom0n A. Lischinsky. 

Hr. Adamson supervised the editing and statistical analysis 

of the individual plant reports compiled from the records of 

the beet-sugar companies and also prepared the initial draft of 

the first four chapters of this monograph. The concluding chapter 

was written by Miss West, who is aLso responsible for substantial 

revisions in the content and formof organization of the earlier 

cha;:.ters. 

It is scarcely feasible to specify all of the other members of 

the staff who in some way have contributed to the meticulous 

editing and analysis of the data utilized in this report. Spe

cific contributions are noted at appropriate points in the text. 

:SpeCial mention should be made of the contributions of Mr. C. D. 

Rrrty Ivho, after serving inan important administrative capacity in 

the field survey, directed the analysis of schedules of equipment 

changes collected from the plants. Mr. Harry A. Swans0n was in 

charge of the analysis of the financial data pertaining to the 

beet-sugar industry. The sample analysis was prepared by ~iss 

Edith n. Handler. Assistance in the editing and statistical 

analysis of the schedules and in the preparation of the manuscript 

was renderedbyMr. Joseph P. Cohen, Mr. Max Lipowitz, Hr. Virgtl 

Scharrer, and Miss Barbara S. Holmes. Special mention should be 

made of the work done by Miss Alice Hirsh in the final edi t ing of 

the manuscript and the painstaking checking of all the data used 

therein. 
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Our hearty thanks are due to a number of persons who read pnr

tions of the manuscript and submitted helpful criticisms. A:T!nng 

these should be mentioned Mr. Geoffrey S. Childs, Mr. John E. 
Dalton, Mr. Neil Kelly, Dr. N. G. Silvermaster, and Dr. Paul S. 
Taylor. 

Lastly, the effectiveness of the work of the productivity sur

veys conducted cooperatively by the National Bureau of Economic 

Research and the National Research Project has been in large part 

due to t he ass is tance rendered by Mr. David We int raub. Di ree tor, 

and Hr. Irving Kaplan, Associate Director of the National Research 

Project, and to their helpful advice in the planning and execution 

of the work. 

HARRY JER:J!1E 

WILLIAM A. NEISWANGER 



CHAPTER I 

A DESCRIPTION OF THE BEET-SUGAR INDUSTRY 

The factors affecting the changing volume of employment in the 

beet-sugar industry are best understood against a background of 

the economic characteristics of the industry and the nature of 

its processes. In the perspective of history the beet-sugar 

industry is relatively young. increasing its production from 

less than 100,000 tons in 1899 to more than 1,300,000 tons in 

1936. This expansion has of course been accompanied by increased 

employment in the industry. 

The fact that the processing of sugar is dependent. upon an 

agricultural raw material, sugar beets. makes the industry a 

highly seasonal one. The reCluirements of the labor reserve nec

essary to the operation of such an industry have led to signifi

cant problems largely associated wi th the employment of casual 

labor. 

The product of the industry is an essential consumption good. 

The demand for beet sugar, however, is highly elastic for the 

reason that cane sugar, which is an identical product, competes 

for the consumers' dollar. Another factor entering into the 

competitive situation is found in the relativelY low cost of 

shipment which places each processing plant upon a competitive 

market, nation-wide in scope. On the other hand, like the cane

sugar industrywith which it competes, the industry is character

ized by a high degree of centralization of control, three-quarters 

of the capacity of the industry being controlled by six major 

companies. The industry is also characterized by strong trade 

associations and presents an uncorrunonly united front. This tra

dition of cooperative action in respect to the common problems 

of the industry may be traceable in part to the fact that the 

industry was nurtured in an environment of protection and has 

been dependent to a very considerable extent upon the maintenance 

of that protection throughout the period of its existence. 

Important from the standpoint of changing technology is the 

large amount of capi tal invested in each plant. The capi tal 

takes the form of power plants, motors, pumps, tanks, and piping 

upon which much skilled maintenance and repair labor is annually 

consumed. Hand operations are few. 

1 
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Another characteristic of the industry, which should be men

tioned because of its significance in t he analysis of fluctuat ions 

in production. is the dependence of the industry upon the flow 

Of raw material from farmers who are independent producers. To 
the extent that the farmers are economically independent and 

therefore free to choose between competing crops, their decisions 

in determining the production of sugar beets are influenced by 

the prices of other agricultural products competing for the use 
of land. The farmers' decisions in these circumstances control 

the extent of the operations of the processing industry. Un

fortunately for the industry, its activities are dependent also 

upon the caprice of weather, and it will be seenin later chapters 

that the year-to-year fluctuations in production and employment, 

whi le qui te independent of general busi ness eondi t ions, are close ly 

related to agricultural conditions. 

A field study of production and man-hours in the beet-sugar 

factories, supplemented by census data, has made possible a de

tailed analysis of employment in the beet-sugar factories. For 

the other sectors of the industry it has been necessary to rely 

on data collected by other groups for other purposes. !,vhile 

these data are not so complete as those for the beet-sugar plants, 

nevertheless they make possible a fairly adequate description 

of the trends of employment in the integrated industry. 

A DEFINITION OF THE INDUSTRY 

The purpose of this study is to analyze the changing volume 

of labor required in the beet-sugar industry, not only in the 

processing plant - in this case the beet-sugar factory - but also, 

insofar as the data ',dll permi t, the 

the whole economic system required for 

tribution of the commodity, beet sugar. 

wi 11 

total amount of labor in 

the manufacture and 

It can readily be 

include much more 

dis-

seen 

than tha~ this concept of the industry 

the processing plant. Included in this definition of the beet-

sugar industry are (a; the processes of planting, tending, har

vesting, and hauling to factory the sugar beets, (bl that part 

of the construction and machinery industries devoted to the manu

factureof beet-sugar-plant equipment, (c) that part of the mining 

and petroleum industries required to furnish the beet-sugar fac

tories wi t h fuel, and (d) those segmen ts of the transportation 
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and dis tribut ion industries devoted to the transportat ion and 

distributionaf beet-sugar proclncts. Statistics needed to analyze 

labor required in these segments of the beet-sugar industry are 

limited and often nonexistent. and this analysis will necessarily 

be incomplete. A statement of the general direction of trends, 

however, may often be given where more precise data are lacking-, 

and it will be worth while to describe some of the difficulties 

involved in th is type of analysis and t he methods of meeting them. 

NATURE OF THE INDUSTRY AND DESCRIPTION OF ITS PROCESSES 

The long series of economic activities anj processes required 

to put beet sugar on the market as a finishej commodity begins 

with the preparation of the soil for the planting of the sugar

beet seed. 1 The labor required is carried on wi th the aid of 

the usual al?'ricultural machinery, sllchas plows, disks, harrows, 

cu It iva tors, and beet dri 11 plan ters. The seed is plan ted, usually 

between late March and early May, ~ to 1~ inches deep in rows 

varying from IS to 30 inches apart. The appearance of the beet 

rQ\vS i:5 the sifinal for the beginning of cult ivation to conserve 

moisture anlt to check the growth of weeds. Following the initial 

cultivation comes the process of blocking, which consists of 

remOVing wi th a hoe such bunches of plants as will leave the 

remaining clusters of plants well spaced, an average dislance 

of 10 to 12 inches being desirable. The next step following the 

blocking process is the thinning of the heet rows to remove all 

plants within a cluster except the strongest one. 

In western States where irrigation is reg1lired, the beel rows 

are supplied with water about five to seven times during the 

season by running water throug-h ditches furrowed by special cul

tivators. Often the first irrigation is required soon after 

germination. 

After two or three more cultivations and the same number of 

hand hoeings the beets are ready for harvest ing. The beets are 

loosened from t he ground by means of a special plow called a 

lifter, knocked together by hand to remove dirt, topped, and 

thrown into piles. By topping is meant the severance of the 

sugar beet proper from its leafy portion just below the base 

1 
For det,alled analyslsot su~ar-i::eet product1on. see LorlngK. Macyand otners. 

Cha'rl-ges '\.n rechno~ogy ana Labor Requirements in Crop P1'oiuction: Suga1' Beets 
(Works progress Adm1nistration. National Research project. Report No. A-: 
AU~. Hl3?). •• 
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leaf by means of a spec ial cutting tool. The tops are thrown 

into a pile and later used as cattle and sheep food, while the 

beets are piled separately preparatory to hauling to the factory. 

I n case of de lay in sh i pmen t of the bee tS to the factory they 

may be placed in large piles an1 covered wi th tops to prevent 

loss of moisture. The actual hauling of the beets to the factory 

is usually jane by large trucks. 

Blocking 1 thinning, hoeing, and topping are all largely hand 

work. The highly seasonal nature of the employment, making for 
a low annual income, combines with the monotony and arduousness 
of the work to deprive it of attraction for most laborers. Only 

people of a few national origins accept such employment.2 When 

labor contracts are entered into, services are usually bargained 

tor on a family basis, and the employment of women and children 

in the fields is a not uncommon spectacle. 3 The agreement with 

the heaj of the family provides generally for the cultivation 

and harvestin~ of a specified acreage at a stipulated price per 

acre. The contract usually contains a sectionor clause setting 

forth the methods of work to be followed by the workers in the 

beet tieljs. These provision~ aim to reduce sugar loss by mini

mizing or abolishinhfcareless practices, for the amollDt of crystal

lizable sugar in a sugar beet depends not only upon weather and 

moisture coodi tions but also upon the skill exercised in the 

planting, cultivating, and harvesting of the crop. 

In a beet crop the percentage of sugar in the beets is called 

sugar content. The sugar content may vary between 10 and 20 

percent depending upon soil and weather conjitions, care taken 

by the farmer, and ripeness of the beets. It is therefore im

portant that a farmer insist upon careful work since the price 

paid for the beets varies with the average sugar content of the 

beets delivered by the ~rower. 

ZIbirj.. p. 4; paul S. Taylor, Hexican Labor in the United. States RUnlversity 
of Ca11forn1a Puolicatlons In Economics,~ vol. VI (Berkeley, Callt.: Uni
versity ot Cal1tornia Press, 1930), I, 11l~-20. 

3Nelther tne Jones-COstIgan Act nor the recent SU6ar Act, Signed September 1. 
1937, have so tar oeen etfective In elIminatIng ChIld laoor in the oeet fIelds. 
The amount ot child. laoorwas conslderaoly reducecl, though not elIminated, In 
lQZ5, the 1 year In which the oenef!t payments to farmers, WhIch were con
cl1tionalon the nonemploY'llent of chllclren uncler toe age of 14. were In effect. 
Although many contracts between processors and proclucers or sugar beets, as 
well as contracts between the Droducers and their contract la.oorers, carried 
the prOViSion against employment or chIldren In 1937, the useo! ch1ldren In 
the beet fields continuecl. See mImeographed release from U. S. Dept. Labor, 
Chlldren's Bureau, Mar. 28. 1937; unpuollshed report oy Walter QU1nn on The 
Conditions of Su~ar Beet worlters 1n Colorado 1n 11M? (Worlt5 progress Adminis
tratIon, Section Of Labor ResearCh. DiVIsion of ResearCh, StatIstICS and 
ReCOrcls); El1zl:Lbeth S. JO.anson, -wa~es, Employment CondItions, a.nd Weltare 
or SUt;ar-Beet Laborers, ~ NonthlyLabof'i?et'iew, 46. No.2 (Feb. 1938), 32S-Q. 
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When the beets arrive at the factory, scientific and labor

saving control devices under unified and competent management 

are brought to bear upon the further movements of the raw-beet 

material through the processing stage of the industry. To one 
entering a beet-sugar factory for the first time there seems to 
be an endless confusion of pipes, valves, pumps, motors, and 

tanks. There is much of this type of equipment because a large 
share of the processes center about the handling and treatment 
of liquids rather thano! solid materials. Likewise,largequan

tities of steam and water are required in the extraction and 

purification of sugar. The beets, how-ever, must be prepared 

before the extraction of the sugar begins. 

["rom the storage faci 1 i ties of the factory t he beets are conveyed 

in running water through flumes to the factory, this preliminary 

stepof conveyance serving the further purpose of partly cleaning 

and washing the beets. For the complete removal of rocks, sand, 

weeds, and other foreign material the beets are sent to washing 

machines, mechanical implements designed to agitate the beets 

thoroughly in water unti1a11 dirt is removed. Thebeets, satis

factorily washed, are then elevated by lifting devices to scales 

which record their weight automatically. From the weighing scales 

the beets drop into a hopper from which they are fed into slicing 

machines equipped with knives. Here they are sliced into long. 

thin strips called cosset tes. usually cut in a V shape for the 

purpose of providing as large a surface as possible for the ex

traction of the sugar by diffusion. 

The process of cleaning and sliCing beets, just described. is 

oneof the five chief processing operations performed by the beet

sugar factory. After this the sugar juices are removed from the 

cossettesby the diffusion process; the juice, much diluted with 

water, is purified and clarified by carbonation; the excess water 

is then removed by evaporation; and the resulting thick sirup is 

run through centrifugal machines which separate out the crystals 

of sugar from the molasses. The sugar is then dried and packed 

in bags or stored in bins for later packing and shipment. 

The removal of the juice from the cassettes is accomplished by 

osmosis in a series of large, iron, cylindrical tanks called the 

diffusion battery. 

After the diffusion process is completed, the beet pulp, which 

,is a byproduct largely exhausted of sugar, maybe dried and fur

t her treated ina number of ways in accordance wi t h t he purpose 
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for which it is desired. Wet pulp, however, receives no further 

attention and is removed to silos where it is later disposed of 
as feed for livestock. If the pulp is to be used as feed at 

pain ts remote from the fae tory, it is necessary to remove the 

excess water in order to reduce haulage costs; in this case the 
fresh pulp is pressed and dried, with or without the addition 

of mo lasses. 

The juice from the diffusion battery i.s pumped into a measuring 

tank which controls the quanti ty entering the carbonation process 

for purification. From this it enters the first carbonation 

tanks where the various nonsugars are precipi tated by the addi tion 

of a predetermined quanti ty of milk of lime and by the heating 

and agitation of the mixture. It is then subjected to an in

jection of carbon-dioxide gas under pressure and the precipitate 

is decomposed. This juice after being filtered, recarbonized, 

and again filtered enters the sulphitation stage in which it is 

decolorized and the excess lime is precipitated. The compara

tively pure dilute juice again passes through the filter press, 

is heated, and is ready for the evaporators. 

By means of evaporation the now-thin, clear juice. is concen

trated, i. e., a large percentage of water is evaporated out and 
the liquor is boiled down to a thick juice. This is accomplished 

by passing the liquid through a multiple-effect evaporator con

sisting of four separate sectors operating under various vacuums 

and temperatures, after which the co-ncentrated juice is often 

subjected to a final sulphi tation and filtering to remove the 

excess lime and impuri ties which have a retarding effect on crys

tallization. The thick juice next passes to the vacuum pans in 

which under high pressure it is furthe:; concentrated so that the 

grains of sugar commence to form and finally crystallize. 

When the graining is complete, the "strike" is ready to be 

dropped from the vacuum pan, and the massecuite now formed con

tains sirups which must be separated from the sugar crystals. 

This i~ accomplished by a battery of uni t8 tenned "centrifugals", 

each equipped with a screen-lined basket revolving at a speed 

of about 1,000 r. p. m. into which the material flows through 

regulating valves. Surplus sirup adhering to the crystals is 

thrown off through the screen by centrifugal action, and the re

tained sugar crystals are washed by spraying with water. The 

first, or whi te, sugar when purged in the centrifugals is dried 
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bY a current of warm air, screened, automatically weighed, and 

conveyed to storage or packed for shipment. 

The liquors, termed "wash and green sirup", which have been 

thrown off from the centrifugal are pumped to tanks and later used 
in regraining in the vacuum pans. This second, low-grade masse

euite is retained and thoroughly agitated within crystallizers 

until the sugar has grained. The brown sugar, after it leaves 
the second centrifugal, is dissolved, mixed with other sirups, 

reboiled, and crystallized. 

The liQuors from the separation of the second crystallization 
are generally subjected to a third crystallization and separation, 

from which there is a residual liquor. The recovery of sugar 
from this liQuor by crystallization would be much retarded be
cause of the viscosity of the attendant impurities. The sugar may 

be separated from the impurities, however, by a precipitation 

process whereby dry lime added to cold and thin solutions of the 
sirup combines with the sugar to form a lime-sugar compound which 

can be separated by filtration. From the compound, sugar is set 

free by the use of carbonic-acid gas, separated by filtration, 

and crystallized by bein~ boiled in vacuum pans. This process, 

known as the Steffens process, is used in many factories for the 

recovery of as large a percentage of sugar as possible. 

A word should be saiJ concerning the laboratory control of the 
delicate and complex chemical processes in the sugar factory. 

During a .2~-hour period numerous chemical and polariscopic de

terminations are ordinarily made as a guide for factory operators 

and as a preventive measure against losses. Because of these 

tes ts the sugar produced comes very near to recording 99.9 a by 

polariscope. 4 Raw sugar extracted from sugar cane is usually 

only 96 percent pure and contains ~ percent of ash and various 

foreign sUbstances. It is called raw sugar or 96° centrifugal 

sugar to distinguish it from white refined sugar. The raw, brown 

cane sugar must be refined into granulated sugar. Usually this 

is done at large refineries on the Pacific and Atlantic Coasts. 

4sugar is never rertned 100 percent pure; tbe Foo(1 an(1 Drug A(1mlnistration 
at the U. S. Department at Agriculture d.etines granulated sugar as sugar 
havIng 99.6 percent at sucrose. Philip O. Wright (1escrlbes the polariscopic 
test In h1s book. SUiQ,1'" in Relation to the 'lad!! (New York: HcOraw-Hill 
Book Co., Inc •• 1924), p. 92, as tollows: 

'In applyIng the polariscopic test, a beam ot polarIZed lIght is passed 
throu~h a sugar solution containe(1 in the tube or the polariscope. It Is a 
property ot the sugar solution to rotate the beam to the rIght. the seale 
beIng so graduated tnat pure sucrose wUl ShOW a readIng ot 100° and. any 
°i~er readIng wIll shaw ghe percentage or pure sucrose In the sample. For 
~ mple, a reading or 96 means that the sample Is 96 percent pure.' 
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An important adjunct to the beet-su~ar factory is the boiler
house, large quanti ties of both hi~h- and low-pressure steam being 

needed for beet-sugar manufacture. High-pressure steam is re

quired both for power used directly in running machinery and for 
generation of electric power for machinery. The low-pressure 

steam needed for heating juices and boiling sugar is generally 

exhaust steam from the high-pressure prime movers. Both high
and low-pressure steam for all purposes come from a single plant 

boilerhouse. 

It is evident from this description of the processes that a 

beet-sugar plant is highly mechanized not only with respect to 

the actual proces5es but also wi th respect to the flow of ma

terials, which is continuous throughout the plant from the time that 

the beets are first introduced into the flumes to the time that 
sugar flows out into sacks or bins. Of the 200 to 300 persons 

employed in the typical plant durin~ the period of operation, 

some will be engaged in the necessary handlin~ processes at ei ther 

end, others will be engaged in handling the other materials needed, 

such as coal in the power plant and lime and coke in the carbon

ation process, some will be engaged in taking care of equipment 

ana cleaning evaporators, and others will be mechanics, skilled 

operators, ana technicians having charge of the various processes. 

As improvement takes place in the organization anj equipment of 

a beet-sll~ar 'plant, this group of people are responsible for a 

larger number of beets sliced per day and a larger output of 

sugar both per day and per ton of beets sliced. Some persons 

may no longer be needed, but in general the changes will result 

in decreasing the number of days of plant operation, or increas

ing the annual production of the factory, or both. Just how 

these adjustments in employment take place will be given con

sideration in later chapters. 

The processes which have just been described are not carried on 

throu~hout the entire year. The seasonality of the inJustry is 

due to the tact that, since sugar beets cannot be satisfactorily 
stored, the factory must operate when neW' crops of sugar beets 

are harvested. This may be as early as July in California or as 

late as September or early OctOber in other States. The period 

of operation is known as the "campaign. 11 Once the campaign has 

begun, the beet-sugar factory operates 24 hours a day until the 

supply of harvested beets is exhausted. This period varies from 
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as low as 15 days to over 100 days, and ithas averaged about 70 
days for the last several years. The campaign often runs into 
January of the !lext year: hence, the lIcampaign yearJ! is usually 
defined as the year extending from March 1 to February 28. 5 

The capacity of a beet-sll~ar plant is usually defined as the 

average number of tons of beets sliced per campaign day in the 
slicing machines. Thus the assumption is made that the average 
number of tODS sliced daily is equal to the possible number of 

tons that could be sliced per day. This assumption is based upon 

the fact that a sugar plant operates to the fullest extent allowed 

by its facilities for 2q. hours per day throughout the campaign 

period. The capacity of a beet-sugar factory is properly not 

defined on a yearly basis, for in that event capacity would be 
a function of the number of days operated per year, which is 

determined by the supply of beets, aswell as a function of plant 

facilities. By defining capacity in terms of a 24-hour day, the 

percent of capacity utilized is always 100 while the plant is in 

operation. 

MARKET RELATIONS 

The manufacturer of beet sugar is dependent upon the farmers 

in the immediate vicinity for his principal raw material, sugar 

beets. In the attempt to assure himself of a steady and profi table 

volume of raw material from this source, he has devised certain 

means to perpetuate and regularize his tie-up wi th the farmer
producer. 

Since 95 to 98 percent of all beets are grown by independent 

farmers, it is customary for contracts to be entered into between 

the processors and the farm producers in an effort to minimize 

the risks inherent in the situation. The processor must have 

the beets in predictable volume, and the beet raiser looks to 

the processor to buy his beets. The contract specifies the num

ber of acres the farmer shall plant and provides that the plant

ing, tillage, and harvesting of the crop shall be carried on in 

accordance with directions given by the company from time to 

time. It is customary for a company's representative, usually 

51n all tables and. references to the campaIgn year. tne year in which tne 
campalgn begins will be designated as the campaign year. 
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the fieldman, to supervise the work in the fields in order to 

see that the conditions of the contract are adhered to. The 

company reserves the right to reject all beets which they find 

are not suitable for the manufacture of sugar. The contract 

usually ~ets forth a sliding scale of prices to be paid for the 

beets based on the two variables, the net price received for the 

sugar and the sugar content of the beets. Thus by the contract 
system the processor assures himself of an adequate supply of 

raw material, barring natural hazards, and the producer receives 
reasonable assurance of a minimum price per ton. 

A second device used by the processors to assure themselves 

of an adequate supplyof beets is associated wi th the labor market. 

Althou€h the farmer-producers are responsible for raising the 

beets, the processing companies aid them in securing an adequate 
supply of labor. Formerly, large numbers of workers were brought 

into the beet-growing areas to work in the fields each season. 
In some regions the companies not only recruited the workers but 

paid their transportation. In recent years attempts have been 

made to build up a resident labor supply by constructing winter 

homes for the workers in nearby ci ties and towns. In some in

stances, credit for groceries during the winter months has been 

provided.. These developments have lessened considerably the 

annual recruiting, although it continues. During recent de

pression years there has been a tendency for the workers to remain 

near their jObS, with the result that the relief agencies have 

carried much of the burden of the beet workers' families in the 

winter." In addition to providing the supply of field labor, 

the companies attempt to prevent losso! their raw materials be

cause of labor trOUbles by arbitrating issues. The fieldman or 

agricultural superintenjent of the sugar-manufacturing company 

which holds the contract has this function. 

Since the companies often make the contract for the growing 

of beets conditional upon a prescribed rOlationof crops, a single 

year's contract may by indirection actually control the pro

duction of beets by a given farmer for several seasons. The 

f inane ial dependence of many farmers on the beet crop may also 

be a factor in assuring the companies the necessary supply of 

beets. The processors finance the producers in part by providing 

6
J 

. 
ohnson, op, cd .• pp. 326.337-8; Olaf F. Larson. Beet /iorkerson Relief in 

weld Co~nty, CoLorado (Colorado State Agricultural Experiment Station and 
Rural Sect1on. DiVision of SOCial kesearch. Work.s Progress Administration, 
Research Bull. No.4, mimeo., May 193'7). 
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them with their supply of seed on credit, the loans being paid 

for out of the proceeds of the sales of beets. In some areas 

the beet-sugar crop is the only cash crop, and the farmer finds 
that the banks will accept only this erapiD security for short

time loans. It would appear, therefore, that these economic 

pressures tend to commit the producers in areas where sugar beets 

are prif!cipal crops to maintaining a steady flowaf raW' materials 

to the plant. 

Where the agricultuf(l,l resources can be diverted alternatively 

tathe production of other crops, however, sUbstantial variations 

in the quantity of sugar beets produced result, since the diverse 

movement of prices for ag-ricultural proJucts may lead the farmer, 

in pursuing his self-interest, to shift to other cash crops. 

Indultrial Orv,nll,tlon 

Six large companies owning 5 or more plants apiece operated 

56 of the 80 beet-sugar plants which comprised the ind11stry in 

1934-5. 7 These large multiple-plant corporations control not 

only the operations of their individual plants but also, by 

means of their contracts with farmers, the growing of the beets 

in the areas where these plants are located. This concentration 

of control has produced relatively uniform practices and methods, 

and the large scope of single enterprises has made possible ex

tensive research and experimentation which has dOUbtless speejed 

the process of technical improvement, both in the processing 

plants and in sugar-beet culture. 

The farmer-producers are organ ized int 0 local beet growers' 

assOCiations which are affiliated with the National Beet Growers' 

Association. The provisions of the contracts governing the rais

ing of the sugar beets are ostensibly, at least J the result of 

negot iations between the local beet growers I associations and 

the companies J who are organized into the United States Beet 

Sugar Association. In 1937 the workers employed by the producers 

organized to improve their ~onditions. Their efforts availej 

little, ho~ever, against the farmers' contention that contracts 

already entered into wi th the processors made impossible any 
increase in wages for the season. 

7 
A!IIedcanBeet S'Ugu-r COlIpanies. 19314-35 (Wasnlngton D C 

Beet SUsar A5soelatlon). ' • .: The Uni ted States 
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As a result of the industrial organization set-up and the con

ca tena t ion of c i rcums tances surrounding t he operation of the 

industry - the associations of processors and producers, the 

domination of the industry by large sugar companies, the contract 

system for bE;:ets and labor, and the variety of creditor-debtor 

relationships - the companies have succeeded in maintaining a 

fairly stable supply of raw materials. Hore recently the estab

lishment of the quota system has introduced new stability into 

the market for their product as well. 

Tn, Market. for Suqar 

Beet sugar, which is chemically identical wi th refined cane 

sugar, is sold in the markets of this country in competition 

with sug-ar refineJ from raw cane sugar from Louisiana, Hawaii, 

Puerto Rico, the Phillipines, and CUba. Wholesalers and in

justrial consumers may buy their sugar directly from the manu

facturers or indirectly throllgh the mediumof a commission broker. 

One of the large sugar companies reports to the Securities and 

Exchange Commission that "sales are made largely through in

dependent brokers and principally to wholesale grocers, manu

facturers, and chain stores. liS 

Un til the es tabl ishmen t of the quota system in 1934, the price 

of sugar was based upon the world price, which was reflected in 

the New York market and hence in prices thronghollt the United 

States. New York City is the dominant sugar market in the country 

for two reasons: because well over one-quarter of the refining 

business of the country is located at New York City, and because 

the Coffee and SURar Exchange is located at Ne .... York. 9 

The refined granulated sugar quotations are the prices of sugar 

sold through brokers whose commissions are paid by the manu

facturers. The wholesale price of refined sug-ar at New York, as 

well as other New York quotations, is the base for refined-suRar 

prices throughout the country. It is not always easy, however, 

to see the exact relationship between New York prices and prices 

in other markets of the country. In the first place, a locality 

in which sugar stocks are accumulating at a rapid rate is likely 

to shade its price slightly below the New York wholesale quotation 

B 
9securitles and ExChan8:e Commission. Docket 2-2805-1, Form A-2, p. 2. 

Lippert S. El118, The fa'-iff 0," SUiiar (freeport, Ill.: The Rawlel~h Foun
dation, 1933), pp. 99-100. 
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for ref ined sugar. Or a local dealer may quote to customers prices 

that are based on previous sales made at prices higher or lower 

than the current quotations of refiners. 

It is also important to note here that beet sugar usually sells 

at a price sOm<:lihat belO\{ that of cane. According to Dr. Ellis: 

This is a trade practice, established by custom, that 
is based partly on a prejudice aQainst beet sugar which 
~rew out of a failure during the early years of beet
sugar makinQ to refine the product perfectly, and partly 
on the fact that beet sugar 1s Qenerally manufactured 
only in the form of refined granulated. Cane sUQar, 
on the other hand, is manufactured in many forms such 
as granulated, powdered, and loaf. and adealer prefers 
to place his order with a firm which can deliver all 
the varieties required by his trade. 10 

All price quotations in the sugar industry are customarily 

s1Jbject to 2-percent discount for cash within 7 days.ll The 

method of shipment is settled in advance in the contract betW'een 

buyer and se ller. The bas ing-point 5Y5 tern and t he actual methods 

of price quotation are lie 11 illustrated by the following quotation 

taken from the report of a beet-sugar company filed with the SEC: 

Sales are usually made on the basin; point system l 

which consists of addins to the registra.nt's price the 
transportation costs to any point of delivery from the 
nearest seaboard cane refinery and absorption by the 
registrant of its transportation costs to such point 
from the factory where shipment originated • 

• • • • [The sales] are generally made upon notice 
of an increase in price I at whiCh time customers are 
permitted to contract for their requirements for a 
reasonable period of time at the price existing before 
t.he adva.nce becomes effective. In most territories 
the purcha.ser is prot.ected during the life of the con
tract a.gainst price redUction by the reSistrant. 12 

DEVELOPMENT AND 8ROWTH OF THE IWOUSTRY 

Beet-sugar production in the United States was put on a large

scale basis shortly after 1890. The delay until that date lias 

due to lack of development of technique and skill in the growing 

of beets and in the methods Of processing. As early as 171+7, in 

Germany, Andreas Marggraf had extracted sugar from the beet root, 

lOIbid •• 1)1). 100-l. 

11 Ibo£d •• p. 101. 

12SEC • loco cit. 
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and beet sugar was manufactured commercially in Europe in the 

tirst half of the nineteenth century. Beginning in ,811 Napoleon 

gave a decided impetus to the study of techni'l.ue and processes 

in France by tariff benefits and subsidies. 

In the United States the first experimental attempt to produce 

beet sugar was initiated in Philadelphia by the Beet Sugar Society 

of Pennsylvania in 1836. 13 Two years later in Northampton, Massa

chusetts, occurred another early experimental production of beet 

sugar." In ,852, Dr. Taylor, a bishop of the Mormon Church. 

made an attempt to produce beet sugar in Salt Lake City but was 

unsuccessful. '6 The first beet-sugar factory was built in ,d6~ 
in Chatsworth, Illinois. Here 2 years later the first crop of 

~,ooo tons of sugar beets was raised. In 1868 the plant produced 

600 barrels of sugar.'· This plant later had its machinery moved 

to join a cooperative venture in Sank County, Wisconsin. 17 By 

1870 three factories were operating in the United States;18 by 

1892, six. 19 No statistics were collected for the industry be
tween 1893 and 1897, but at the latter date nine operating fac

tories were reported - four in California, two in Nebraska, and 
one each in New York, New Mexico, and Utah. Difficulty in se

curing beets in sufficient quantity and of requisite quality 

for profitable operation caused many failures during this early 

period. The cooperation and exper imental work of t he Un i ted 

States Department of Agriculture and of the various 0tate agri

cultural experiment stations helped to overcome t his disadvantage. 

Figure 1 presents a picture of the growth of the industry in 

terms of acreage of beets harvested, beets sliced in the factories, 

and sugar produced from 1901 to 1935. 20 

13James Peddar, cu~ttH"eot the lren[;h S'Uga-- BeetandHan'Utactur~ of Beet Root 
SugarinlTance (Ph1ladelphIa, pa.: The Beet Sugar Society of PhIladelphIa, 
Au!!;. 1836). After accepting this report, the society Imported trom France 
600 pounds of sugar-beet seed and distributed the seed t.hroughout the UnIted 
States for e~perimental planting. 

:4·progress Of the Beet Sugar ManUfacture In Europe," Report oj the Commissioner 0l A/;'dcu~ture jor the Year 1869 (U. S. DeIlt. Agr., 1870), Il. 349. 

1 Truman O. palmer, Beet StI.f!ar Industry Of the United states (~ashlngton, 
D. C.: United States Beet Sugar Industry, 1913). 

16Report of the Co.~issioner of JgTicu~ture fOT the Year 1869, loco cit. 
17Wlll1am MCMUrtrie, CuBureof the Sugar- Beet in prance and the United states 
(U. 3. Dept. Agr., Spec. Report No. 2i:1, 1860), p. 168. 

lB 1The Beet sugar Industry.· Report or the C01ullissione-r Of AgricuLtu-re for 
the lear 1870 (U. S. Dept. Agr., 1871 , p. 210. 
l\;}IBeet Su~ar Production,· Report of the Secretary Of Agricu~tuH for the 
Tear 1892 (U. S. Dept. Agr., 1B93). p. 4t!7. 

2O For the ser1es presented In th1s figure and also a series showing beets 
sl1ced per acre harvested, see table A-I. 
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Flgar. I.- ACREAGE AND PRODUCTION IN BEET-SUGAR INDUSTRY 
1901-35 
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The most important fact to be noted is the rapid growth of the 
industry from one producing 185 thousand tons of sugar in 1901 
toone producing over 1,300 thousand tons in 1936. In the acres 
harvested and beets sliced the same general trend is to be noted, 
namely, a fairly steady growth with small fluctuations up through 
1916 or 1918, after which all series begin to move irregularly 
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rapidly since the early years of the industry until in 1933 it 

reached ~5 percent of the total. 

Table 2. and figure .2 show the comparative development of the 

industry i:l three geographical sectionsDf the United States for 

census years from 1899 through ,1931. Annual production of gran

ulated sUJar is shown for plants in three groups which comprise 
1, all plants in Cal iforn ia; II. t he plant s in all the States west 

of the Mississippi River except California, Iowa, and Minnesota; 

and III. the plants in States east of the Mississippi as well as 

those in Iowa and Minnesota. 22 The basis for drawing these 

Tlbll 2.- HUMBER OF ESTABLISHMENTS AND PRODUCTION 
OF BEET SUGAR, 1899-1935' 

Nwr.be r- of establishments PI" oct uc t i on of granulated sugar 
( thousands of short tons) 

Yea:- D 

Uni t ed Group Group Group United Group Group G!"oup 

states I II III states I I I III 

1. e Dv 30 7 14 9 58 22' 22 c l6e 

1. t:'::3 51 5 21 25 248 4e. c 12: c 81 c 
1908 .58 12 26 20 49'7 131. 238 126 
1. ~llJ 60 12 28 20 739 :r,oe 4" ') Cc ::'52 

1918 85 10 49 26 n9 2..2fJ 422 1 '73 

1 G::~O 9:? S 56 27 1.023 169 662 192 

l S22 84 e 52 26 749 87 514 149 
1 D24 89 7 55 27 1. W6 ..li9 722 235 

1.920 79 5 46 28 893 68 643 183 

1922 82 5 52 25 1.068 ':04 80D 155 
:. 931. 67 6 49 12 1.156 lC'5 822 l69 
1 Q'l'l 84 6 53 25 1.62t; n.a. n.a. D.a. 
1 g3,") 77 8 46 23 1,178 n. a. n. a. n.a. 

aCensu~ oj !11J.r>.ujact'J..-r:s d.ata. GrOUp I ccn.3ists ct establlshrr.ents !n Cal1-
tornla; group ::. ')f est.aollshments located \'lest. of the Mlss1SS1p~1 River, 
except cal1forn!a. :owa, and Minnesota; and I!;I'OUP 1::, c! estaol1shments east 
or the Hississippi River and in Iowa and Minnesota. See appendIx C tor de
scription ct adjustments. 
bcaroP31gn, not census years. 
cCensus data. in ~cunds, were div1ded by 2,000. 

n.a· Data nct avaIlable. 

22!n 19.31 gr::mD I Included 6 plants In CallCornla. Group r: included In the 
same year 17 plants In Colorado, B In Utah. 7 In NeoraSKa, 5 In wYC!Tlln~. 
5 1n Id3.ho, 410 Montana, ana 1 eaCh In Kansas, Scutn DaKota, and \oJasllln~ton. 
Groull :21 Inc2.uded 6 plants In I'UchI~an. 2 plants eaCh In Wlsconsln and 
/11nnesJL.'l., and 1 eaenin I:)wa and OhIo. In ')ther years beet-su~d.r ract:)rle~ 
CDerated In ArlzGna (1 In 190B!. Nevada (1 In 19~6J. New MexIco inone since 
16:o1(;i ... crt;e~n ,none sInce 1908), and IllinoIs, :ndtana, and New '(ork (none 
sir.ce 1980/. 
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Flgur. Z.- PRODUCTION OF BEET SUGAR, BY REGIONS, 1899-1931 
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particular boundaries for the groups is similarity of weather 

conditions. Beets are planted much earlier in California than 

in other sections of the country. In the Mountain States of 

group II all beets are grown on irrigated land, while in the 

Central States of group III beet crops are dependent entirely 

upon rainfall. 23 

In 1899 California, or group 1, produced a greater tonnage 

of beet sugarthan either of the ather groups. B~T 1903, however. 

group II, the western group, had become the greatest producing 

region. Since 1903 the plants in this area have consistently 

produced much larger quan tit ies than e i t her of the ot her two 

groups, and in most years they have produced more than the other 

two groups combined. Absolute product ion increases have been 

shown for group II in all years with the exception of 19~2 and 

1926. The all~time high for production in this group was reached 

in 1931, the last year for which data were available. 

Groups I and III throughout the period were much more nearly 

eq,ual in amount Of production. In contradistinction to the 

23Detalls or the geographical break-down w1c.h I:.l1e adJustments made necessary 
because or the lImitations or tne data will be round In appendiX C. 
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steady rise throughout and the 1931 peak of production in group 
II, it is important to notice that the California group reached 

its peak in 1913, whilethe eastern group reached its production 

peak in .I. 94!l.j.. Thus, from 1913!01931, the greatest development 

in production took place in the western plants of group II. Al

though census data are laCking after 1931, other sources indicate 

a substantial increase in production in California between 1931 
and 1936.24 Inthe latter year more than 300,000 tonsof refined 

sugar were reported from that district. During the past 5 years 

the increase has been about 60 percent over the previous maximum. 

Regions II and III had a good year in 1933, showing an increase 

of 26 percent and 3:S percent respectively over 1931. In more 

recent years, however, unfavorable climatic factors have reduced 

output in these two regions to somewhat below the 1931 level. 
In spite of the increase in California, the group-II district 

retained in 1936 its dominant position, with about 63percent of 

the total, while California followed with ~~ percent, and the 

eastern region provided the remainder. 

Land and climate best adapted to the growing of beets seem to 

be limited to a zone ~oo miles wide stretching west from the 

Hudson River across the country to the Dakotas, there turning 

southward through Colorado, New Mexico, and Arizona, and then 

spread i ng wes t and narthwes t through Utah, Idaho, and the Columbia 

Valley. However, in 1930 over 50 percent of all the sugar beets 

in the United States wele produced in California, Colorado, and 

Michigan. 

The twa chief factors other than favorable agricultural con

ditions which have determined the regional location of factories 

in the United States have been the relative profitability of the 

sugar-beet crop over other competing crops and effective irriga

tion. Availability of labor and of suitable land, on the other 

hand, may have been of some significance, although generally the 

labor necessary tor work in the beet fields and in the factories 

has been drawn into the localities from the outside. 

SUMMARY 

This chapter has attempted to give a brief description of the 

indus try! calling at ten t ion to i t5 dis ti nguishing characterist ics, 

240 Data trem th(: United States Beet SUgar Assoc1ation. Wash1ngton, D. C., 
provided thr.JugJ:, the courtesy ot Hr. Neil Kelly, Secretary. 
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all of which will receive further consideration in later chapters. 

While no one of thes~ characteristics sets the beet-sugar industry 

off as different from other manufacturing industries. the combi

nation of them perhaps does. Like most of OUr manufacturing 

industries, it has grown up under the protection of the tariff. 
That the ownership of a large proportion of its factories is in 
the hands of a few large corporations certainly does not dis

tinguish it either from other manufacturing industries or from 

the cane-sugar refineries. however, it combines with these char

acteristics a dependence Up0D agriculture for its raw materials 
and competition with the cane-sugar industry, whose source of 

supply of raw materials is governed bv conditions different from 

those operating in the case of beet su;::;ar. It has a large in

vestmentper plant and per worker, coupledwith a highly seasonal 

activity. It is this complex of characteristics that distin

guishes the beet-sugar industry from other industries. While 

this study is directly concerned only with this one specific in

dustry, it is to be hoped that the attempt to relate the fluctua

tions in employment to given characteristics will be of more 

general interest with possible application to other industries. 

Chapter II will be devoted to a description of the changes in 

the volume of employment in the industry over the period from 

1900 to 1935. It is recognized that trends and fluctuations in 

employment may be correlated wi th changes in -the vclume of pro

duction on the one hand and with changes in productivity on the 

other. Ilence in Chapter III an attempt will be made to relate 

the changes in the volume of production to such factors as the 

demand for sugar, the governmental policies at tariffs and quotas, 

the changing nature of the competition with cane sugar, and the 

agricultural conditions affecting the supp1.v of sugar beets. An 

exhaustive study of the industry and its competitive relations 

with cane sugar has not been undertaken, but those factors which 

seem to thro ... : light on changes in production and employment have 

been selected for examinat ion. In chapter IVan analvsis has 

been made of the relationship between technological Changes and 

employment, and these changes have been related to certain economic 

characterist L:s, such as concerted act ion of large compan ies and 

of the industry in bringing about a steady and gradual improvement 

in production, and the capital investment of operating plants,Z5 

25Except as credi ted to another source, all data presented in this report 
are derived (rom the (Irst and second surveys mentIoned In the ~Introductlon. I 

For convenient reference these surveys are herearter Cited as the NRP-NBER 
t1 e lCl survey. 



CHAPTER II 

THE VOLUME OF EMPLOYME~T IN THE BEET-SUGAR INDUSTRY 

The beet-sugar indus.try has been defined in the foregoing chap

ter as involving all the economic fuhetions required to place 

sugar in the hands of the final cons11mer, including the raising 

and transportation of the beets, the processing of the sugar, 

the manufacture of sugar machinery, the production of fuel used 

in processing plan t5, and the transportation and dis tribu t ion 

of sugar. 

In line with this definition employment in the beet-sllgar 

industry is the employment in all of its vertical segments. 

Although the inade'l.uacyof present-day statistics permits a rela

tively precise enumeration of employed workers in the sugar fac

tories only, it will be worth While, nevertheless, to note the 

approximate magnitUde of employment and the trends in the I1tili

zationof labor in each of the allied vertical segments as well. 

The volume of employment may be defined either as the number 

of persons who have employment at any time in an indlJ.str:v, whether 

for a shorter or a longer period, oras the amount of labor time 

utilized in the industry, whether meastJredin years, months, and 

days or in the more precise terms of man-hours. The "average 

number of persons employed!! is to SOme extent a compromise between 

these two measures. It is sometimes used to measnre the typical 

number of persons employed during a given period, such as a year, 

or to measure the number of man-years of employment. However, 

if there are wide fluctuations in the employment figures from 

which the average is computed, it gives no adequate idea of the 

nnmber of persons who derive their income, in rart at least, 

from employment in the industry. In the beet-sugar industry 

much the larger proportion of the workers are employed for short 

per~ods of varying lengths at different times throughout the 

year so that average employment for a year or even for any se

lected perioo tends to be misleading if used as a measure of the 

number of persons who derive income from employment in the indus

try at some time during the period. This is trlle of workers 

both in the beet fields and in the factories. Hence, in the 

discussion which follows, two types of measures will be used. 

On the One hand, there wi 11 be an attempt to count the actual 

22 
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number of people employed at any time during the year. irrespec

tive of the length of period for which they are employed. This 

wi 11 be done both for the factories and for the beet fields. but 

in the machinery and fuel industries it will be necessary to 
use an average for the year to represent the number of persons. 
On the other hand, the amount of labor utilized will be measured 

in man-hours and in some instances in man-years. 

VOLUME OF EMPLOYMENT IN PROCESSINB 

Series avai lable from the Census of Nanufac tures showing employ

ment in the beet-sugar factories are presented in table 3. The 
chief characteristic of employment in the beet-sugar factory is 
its decided seasonality, and upon this characteristic was based 
the selection of the series chosen for the table. Since more 

factories are at the height of the yearly campaign in November 

than in any other month, the peak of employment in all factories 

rabl. 3._ EMPLOYMENT IN BBET-SUGAR FACTORIES, 1899-1935" 

Number of -

Year Establish- wage earners Salaried 
ments November May yearb employees C 

(1) (2) (3) (4) (5) 

1899 30 3.886 776 1.970 300 
1903 51 10.251 1.359 3.963 763 
1908 58 16.807 3.432 7,204 1.184 
1913 60 18.886 3.989 7,997 1,636 
1916 85 27,064 6.386 11.781 2.408 

1920 92 32.206 6,239 13.602 2. 406 
1922 84 23.551 2.665 7.571 2.031 
1924 89 22.422 4.022 8.872 1.531 
1926 79 n. a. n. a. 7,402 1.470 

1928 82 22.164 2.870 7.496 1,426 
1931 67 16.306 2,444 6.241 n. a. 
1933 84 29.358 4.239 10.708 1.201 
1935 77 25.335 3.970 9,261 1,517 

aBase~ on Census of Nanufo.ctu'res. Employment data reter to the number or 
persons on Ule par rOll for the week "bleb InclUded the 15th ot the month or 
some other nOrmal week. 
bAverage of the 12 mOnthly fIgures tn the calendar year. 
COats. tor 18e9 to 1'&126 InclUde. "hUe those tor SUbsequent years exclude. 
salarIed orr1cers or corporations. 'the census gIves the numlJerot such ott1-
cers tor 1928 as 21 and tor 1935 as 49. 
n,a'Data not available. 
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Flgu," 3.- EMPLOnlENT IN BEET-SUGAR FACTORIES, 1899-1935 
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combined 1S reached in that month. It is shown jn the second 

column of the table. ' 

The number of wage earners on pay rolls in May, listed in tIle 

third column, are given in order to illustrate factory employ

ment for a typical intercampaign month. The months immediately 
preceding May usually show a smaller employment than the mont.h of 

IHonthlY employment 1s derlneo 1n the Census Of Na11.'Ufact'Un~s as the number 
or workers on the pay roll ror the week whlcl1 Includes the 15th or the month 
or another normal week. 
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May, while months following show a gradually increasing employment 

until the beginning of campaign operations. The average number 

of wage earners for the year, in the fourth column of the table, 
is a simple average of the 12 monthly employment figures shown 

in the census. The final column presents the number of salaried 

employees, including superintendents, chief foremen, mechanics, 
chemists, agricultural field employees, executives, and central

and plant-office employees, who are customarily employed through

out the year. These data are presented graphically in figure 3. 

It is to be noted that the four series in figure 3 exhibit 

the same general trends and that the year-to-year fluctuations, 

while nOt of the same magnitude, are similar in their direction 
of movement. At three periods of time, however, the movements 
of the four series are not similar. Between the years 1918 and 
1940 the average number of wage earners for the year and the 

number of wage earners in November increased substantially, while 

the number of salaried employees and the number of wage earners 
in May declined somewhat. This reflects a change in 1919 by two 

large companies from two 12-hour shifts during the campaign period 

to three 8-hour shifts, which would require a larger number of 

campaign workers in proportion to the intercampaign workers. 

Secondly, between the years 1922 and 19.24- a fall in the November 

campaign employment is shown concurrent with a rise in the May 

intercampaign employment and the average employment for the year. 

This is due to the fact that the November figure in this year 

fails to reflect a rise in the total campaign employment which 

is evident when the figures forthe q. campaign months are compared 
for the .. years. (See table A-2.1 Thirdly, although the average 

number of salaried employees is not available for 1931, the low 

figure for 1933 does not seem to reflect the upward movements 

of the other series in that year. It will be shown in chapter III 

that plant employment in the year 1933 rose both because of a 
tremendous increase in production, and because of a decrease 

in factory working hours. A decrease in office hours did not 

accompany a decrease in factOTY hours J however J and the increase 

in production does not appear to have affected the office employ

ment. These differences are noted in order to pave the way for 

the use of a single yearly series when comparing employment_and 

production in the next chapter. With the exception of the differ

ences emphasized above, the fluctuations in the series showing 

average employment for the year are fairly representativE; of 

the fluctuations in the other series. 
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The trend in employment was steadily upward until 1918-20, after 

which time it declined somewhat irregularly until 1931. In 1933 

a change was made in the length of the working day. Although 

one large company producing a third or more of the beet sugar 

had had three shifts of 8 hours each since 1919 and another com

pany J since 1919-2.2, most -factories had had two shifts of 12 hours 

each during the campaign period. They now Changed to the unifom 

practice of three shifts of 8 hours each. Accompanying this 

change was the increase in employment for 1933, shown in figure 3, 

which, however, is in large part due to an increase in the number 

of tons of beets sliced that year. 

The concentration of factory operations in 3 months of the year 

has meant that the industry has often been compelled to rely 

upon itinerant workers for part of its labor supply. 2 Figure 4 
shows the pattern of the seasonal demand for labor in the indus

try. Monthly data secured from the Census of Kanufactures were 

expressed as percentages of annual averages. An arithmetic mean 

of the percentages for each month was computed, and these average 

percentages for each of the 12 months were expressed as percent

ages of their average, as shown in table ~. 

Tlbl. 4.- INDEX OF SEASONAL EMPLOYMENT IN BEET-SUBAR FACTORIES 
1903-33" 

(Ayu· ••• :: 100) 

Month Index Month Index 

January 68.6 July 03.6 
February 32.4 August 74.4 
March 32.6 September 99.3 
April 38.2 October 204.2 
May 42.9 November 208.7 
June 46.8 December 198.1 

aBased on table A-2. 

The average length of the campaign has decreased from 77 days 

ill 1917-19 to 65 days for the period 1933-35.' Although the am-

2The superintendent or a plant in the Central States said. that previous to 
1930 the beet-sugar Industry was able to secure only the poorest grades ot 
labor during the campaign season. Many of the laborers employed Were tran
sients. SInce thedepress!on or 1930, IlOwever, tne Industryhasbeen 1ncreas
ingly atlle '.0 secure Its labor supply rrom local areas because more farmers 
are anxious to earnanaddltional income and because unemployed workers from 
other occupations have become avaIlable. 
3See table B-16. 
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Flgor. 4.- SEASONAL PATTERN OF EMPLOYMENT IN BEET-SUGAR 
FACTORIES. 1903-33 
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plitudeof the seasonal change in employment has probably not been 

much reduced, the speeding up of the processes has made possible a 

shorter campaign, thus reduclng the man-hours of employment per 
person for those engaged during the campaign period only. 

The lowest seasonal demand for labor was in the months of 

February and March. It is a customary practice for the beet-sugar 

processor to retain superintendents, chief foremen, chief electri

Icians, mechanics, chemists, workers in the plant office, etc., 

'on the pay roll throughout the year. These workers prepare sugar 
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for shipment, keep the factory equipment in repair, and get the 

factory in readiness for the campaign. 

VOLUME OF EMPLOYMENT IN ALLIED VERTICAL SEGMENTS 
OF THE INDUSTRY 

Srlwtal aad Traa.partlag Sugar S'lta 

Data available concerning the number of workers in the allied 

vertical segments of the industry are meager and do not permit 

precise computations. 

Another study pUblished by the National Research Project pro

vides the data from which an estimate is made of the average 

amount of labor engaged in the production and transportation of 

sugar beets.4. In this study it is estimated that in order to 

plant the countryls sugar-beet crop and to cultivate, harvest, 

aIld transport it to the factory an average of 68 million man

hours per year were expended in raising and transporting sugar 

beets in the United States in the years 1913-17. 83 million in 

the period 1920-24, 71 million in the period 1928-32, and 73 

million in the period 193~-36.5 Data concerning typical number 

of hours per day and per year worked in sugar-beet fieldS show 

a great variation in the number of working hours and days. The 

total beet-raising season, from plowing to final delivery of 

beets to the factory, encompasses some 6 months. The work on an 

acre of beets over the 6-month period is intermittent, however, 

and it should be remembered that the labor of plowing, planting, 

cultivating, and lifting is usually done by a different group 

of individuals than that of blocking, thinnlDK, hoeing, pulling, 

and topping. All of these unknown variables make any estimates 

of the number of persons engaged in the production of sugar beets 

exceedingly hypothetical if based only on the total number of 

man-hours expended per year. If emphasis is placed upon the 

amount of work done rather than upon numbers of men employed, 

an estimate of man-years of work done is significant. If a man

year is assumed to be 3,000 hours (300 days at 10 hours per day), 

roughly 23 thousand man-years of work were required per year, 

on the average, to produce sugar beets for the years 1913-17, 

28 thousand for the years 19.20-~4, and 24 thousand for the other 

'LOrlng K. Hac), and Others, Chan~es in rechnoLogy and Labcw Req-ui.,.-e_nts in 
Crop Pn:x!uction: Sugar Beets (Qorks progress Administration, National Re
search Project, Report No. 04.-1, Aug. 1937). 
5 Ibid •• p. 41. 
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periods. The computations used in estimating the labor required 
in sugar-beet raising are brought together in table 5. 

Tobl. 5.- EMPLOYMENT IN PRODUCTION OF SUGAR BEETS, 1913-3S" 

Average number of - Estimated number of -

Period Hours per Acres Man-hours Man-years 

acre (thousands J (millions) (thousands) 

(3 ) + 3.000 

(11 (21 ( 31 (4 ) 

1913-17 113 801 88 23 
1920-24 112 738 83 28 

1928-32 99 717 71 24 
1934-38 94 773 73 24 

sperlveO trom Loring K. Macy and others, Ch.anges in reclmology GM Labor 
Requiruents in Crop Production: Suio,'r Beets (Works progress Adm1nistration, 
National Research project, Report NO. A-1, Aug. 1937), p. 41. 

It has been estimated that in 1933 there were 159 ,39~ hired 

laborers in the beet fields, of whom llO,35~ were contract labor

ers, &>,393 men, 15,4,8 women, and 1~,7~3 children. 6 The number 

of growers of sugar beets WaS 70,709. These estimates are for 

the largest acreage in the history of the industry. The 983 

thousand acres harvested in 1933 exceeded by over 100 thousand 

acres the acreage in any year before or after. Estimates for 

earlier years placed the number of contract laborers at 67,680 

in 1922 and 78,594in 1926; the total numberot laborers required 

on the 19.26 crop was placed at 100,000 adult laborers, or a work

ing force of adults and children equivalent to that number.? 

The large apparent differences between the estimate of employ

ment in table 5 and the estimated number of persons as quoted 

from other sources may be explained in part, at least, by the 

different purposes for which the estimates are made. As explained 

earlier, one is an attempt to answer the question of how much 

labor time is used, measuring that time in man-years. The other 

is an attempt to count all the persons who have found employment 

in the sugar-beet fields and the transportation of beets to the 

6W1l1iam T. Ham, IRegulat-ion of Labour Condit-lons ln Sugar CUltlvation under 
t-he Agrlcultural Adjust-ment- Act," Inte.,..nationa.~ Labou.,.. Review, 33, NO. 1 
(Jan. 1936), 76. 

7 Costs Of P.,..oducing 8'Uga.,.. Beets, part X: "Summary or Costs or product1on or 
SUgar Beets 1n the un1ted States, and an Econom1c Analysis or toe SUgar Beet 
~dUstry. 1921. 1922. and 1923" (U. S. TarHtCommlss1on. lilsc. Series. lQ2a). 
1>\>. 16-7. 
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factories. Since some may work only a few days during the rush 
season of harvesting the beets. while others may work several 

months, it is Quite possible that estimates with such extreme 

differences may both be reasonable. For example. if. of the 
estimated 100,000 adult laborers in 1926, 75,000 worked on the 

average of 50 days each while the rema.ining 2S ,000 worked 150 

days. there would be 7.500.000 man-days of work utilized or the 

equivalent of the work of .5,000 men working 300 days each, or 

25.000 man-years of work. 

The difficulties in making these estimates are inherent in 

the very nature of agricultural production. For example: There 

is little uniformity in the length of working days; the same 

agricultural laborer often works on one or more kinds of crops; 
and the farmer-employer himself often works in the beet fields. 
It is obvious, however, that a much larger number of persons 

are employed and more labor is expended in growing beets than 
in working in the beet-sugar factory and that since 1920-2~ the 

labor time expended has decreased approximately 12 percent. 

Producing Fu.l for B"t-Sugar Fact.rl •• 

The estimates of the labor required to produce the fuel con
sumed in beet-sugar factories are based upon the amount of fuel 
used in plants included in our sample and upon data prepared by 

Nicholas Yaworski of the National Research Project dealing with 

the volume of labor re~uired per ton of coal in coal mining. 

The lime rock burned in the lime kiln is usually burned with 

coke. whereas various types of fuel are used in the boilerhouse. 
For the plants for which we have collected fuel data, the nat

ural gas. fuel oil. and other fuels reported were converted into 
bituminous-coal equivalents which were added to the tonsof bitu

minous coal used. It was then found that the tonnage of fuel (in 

terms Of. bituminous-coal e~uivalentsJ re~uired in the sample 

plants for the years 1927 to 1935 was roughly 15 percent of the 

tonnage of beets sliced in those plants. 8 The average of the 

years 19~7 to 1935 was used for the years 1913-~6. This assumes 

that the average plant was as eHicient in its use of fuel in 

these earlier years as in the period 19~7-3S. This probably 

underestimates the amount of fuel used during this period. From 

wha t is known of technological changes in the factories, it is 

BThe ratlos of bltum1nous coal (or equh"alents) to beets sl1ced are Shown 
1n table A-3. 
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likely that significant increases in the efficiency wi th which 

fuel was utilized took place at some time between 1913 and 1927. 
This would correspond also to what was taking place in other 

industries, as shown by another NationalResearch Project report." 

The ratio of tons of bituminous coal to tons of beets sliced 
was multiplied by the total tons of beets sliced in the country 
for each year, 1913-35, to obtain total tons of bituminous-coal 
e~uivalents re~uired.'0 

Calculation of the number of men required each year to produce 

fuel was accomplished with the aid of material on labor produc
tivity in coal mining prepared by Mr. Yaworski. 11 This report 

furnished calculat ions of tons of coal produced per man-day in 
coal mining and the average number of days worked in each year. 
With the aid of these figures in conjunction with tons of bitumi

nous coal required, the total man-days of labor re~uired to pro
duce coal for the beet-sugar industry and the total number of 
men were calculated for each year since 1913. The number of men 

is shown in table 6. 

The year-to-year fluctuations in the average number of men 

required to produce fuel are not in close accord with the fluc
tuations in employment in the beet-sugar factories because the 

average number of days worked per year in coal mining fluctuates 

widely from year to year. Hence total man-days or man-hours are 

better measures of the labor used in producing the fuel. Whereas 
the number of tons of coal produced per man-hour has increased 

50 percent or more since 1913, bringing about a marked reduction 

in the labor used per ton of coal, the increase in the product ion 
of beet sugar has required increasing amounts of coal, and hence 
there is no pronounced trend in the total labor requirements for 

the production of fuel. '2 

9NlchOlas yaworsk1 and Others, fueZ Ifficiency in Cesent Nanufact~e. 1909-
1935 (workS progress Adm1nistrat10n. Nat10nal Research project 1n cooperat1on 
w1th Department of the Interior, Bureau of M1nes, Report No. E-5, Apr. 19313). 
10APproximatelY 76 to eo percent. of the fuel energy used In tne factories 
15 bitum1nous coal. Thls estimate 15 cased on Oensus 0/ Nanu/actuf'€s data 
for the years 1909, 1914, 1919, and 1929. 
l10n the basis of mater1al publiShed by the U. S. Bureau of Mines, bltuminous
coal production in the united States was dlvidedby employment in bituminous 
mines. The employment series was calculated by the lDultiplicationof the to
tal average number of men 1n one active pay-rOll period working in b1r.uminous
coal mining by the num"oer or mlne-daystne mines were operating. Mr. Yaworski 
emphasizes that this procedure is subject to errors in estimation and he has 
elabora ted carefullY tile tac tors tending toward undere s t ima t 1 on and overes t 1-
mation ot employment inherent in the method, nis tlnal conclusion betng that 
the factors tending to overestimation and underestimation cancel out during .elods when production Is not r1s1ng or talling rapidly. 
12 e table A-3 for the serlesot man-hours per ton ot bitum1nous coal, t.ons 
ot coal equivalents used 1n the beet-sugar tactorles, and otber series used 
1n these computations. 
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Tabla 6.- NUMBER OF MEN REQUIRED TO PRODUCE FUEL FOR 
BEET-SUGAR FACTORIES, 1913-35" 

Average Average 
Year number Year number 

of men of men , 

1913 1.007 1925 1.180 
1914 1.089 1926 1.047 
1915 1.154 1927 1.248 
1916 986 1928 1,120 

1917 917 1929 996 
1918 883 1930 1,353 
1919 1.172 1931 1.328 
1920 1.340 1932 1,708 

1921 1.761 1933 1,985 
1922 1.205 1934 1.450 
1923 1.224 1935 1.452 
1924 1,349 

aTable A-3, col. (7). 

Praduclng Machlnlry far B ••• -SuV.r Faetari •• 

Data are available from tne Census of Kanujactures for companies 

making sugar-mill mach inery, but, 5 inee most mach inery used in 
a beet-sugar factory is also used in a cane-sugar refinery, it 

is not possible to ascertain the sugar machinery manufactured 
for beet-sugar mills alone from that source. By rough methods, 

however, it is possible to estimate the number of men required 
in the production of beet-sugar machinery on the basis of data 

collecteo in the NRP-NBER field survey. 

The annual dollar expenditures of 31 plants for new equipment 

to maintain and improve plant facilities in the years 1917-35 

were computed from data obtained in the NRP-NBER field study. 

There are also available yearly ratios of man-hours of labor 
required for the production of a dollar value at machinery.'3 

The total man-hours required in the production at machinery tor 
the 31 plants were obtained by multiplying the expenditures by 

the ratios. This total for 31 plants was then used as the basis 

for estimating the total man-hours re,!uired in the production 

of machinery for the years 1917-35 for the whole industry. The 

13These ratios were computed by the ~sr.ud.les 1n Equipment Changes and IndUS
trial Technlques~ section or the National Research project and are shown 1n 
r.able A-4, column (2). 
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31 plants for which machinery man-hours were obtained were found 
to represent 3~ percent of the total daily slicing capacity of 
the industry in 193~. and this figure was used as the basis for 
the estimate of the industry total." The estimated number of 
men re~uired each year to produce machinery for beet-sugar fac
tories was calculated from man-hours on the assumption that each 
man works 2,~OO hours per year. The number of men required to 
produce machinery is shown in table 7 and figure S. This number 
in no sense represents the number of individuals engaged in the 
making of beet-sugar machinery but rather the number of man-years 
of labor utilized in its production. 16 

Tabla 7.- NUMBER OF MEN REQUIRED TO PRODUCE MACHINERY 
FOR BEET-SUGAR FACTORIES, 1917-35" 

Average Average 
Year number Year number 

of men of men 

1917 2,054 1927 134 
1918 1.537 1928 383 
1919 743 1929 651 
1920 625 1930 597 
1921 1.066 1931 257 

1922 153 1932 373 

1923 440 1933 1.110 

1924 823 1934 585 

1925 1.115 1935 310 

1928 475 

'lTable A-". col. (5). 

Transparting and Distributing Sugar 

Data upon which could be based an estimate of the number of 
men re~uired each year in the wholesale and retail distribution 

l~These calculat10ns are snown 1n table A-4. and are based on the following 
assUmpt10ns: In 1934 the expenditUres 1n the nonrepresented part or the 
1ndustry bear the same ratlo to daily slicing capacity as they do in the 
31 plants, and the sllc1ng capacity or the 31 plants Is .38 or tile total 
sllcing capacIty throughout the perIod. ItlS recogniZed that more reliable 
esttmates might have oeen made it the ratIO or tbe total daily slicIng capac
ltyor the 31 plants to the totalot the tndustry had been obtained tor other 
years. The estimate may be too hIgh with respect to the remaInder or the 
plants In the earlier years because or the fact that the 31 plants probably 
bad a daily capacity somewhat large In relation to that or the industry in 
the years previous to 1934. On the other hand, the new plants whIch came Into 
the 1ndustry during this perIod may have had more installation or new machIn
ery than the average tor other plants. 
16'the average number or men shown in the table Is an average similar to that 
used customarlly In the phrase 'average number or men employed durIng the 
year M eICept that the man-year In this phrase 15 understood to oe 12 months 
in length, leaving the number ot nours per month undertned, wl1ereaa tne man
year In tne table 1s defined as 2,400 man-hours. 



34 BEET SUGAR 

PI •••• 5.- MAN-HDURS IN FDUR VERTICAL SEGMENTS OF THE 
BEET·SUBAR INDUSTRY, 1917·35 
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of beet sugar are not available. Likewise, adequate data upon 

which an estimate of the volume of employment required for the 

transportation of beet sugar might be made are not available. 

The statistics concerning the employment required in the trans
portation and wholesale distribution of sugar that do exist do 

nOt distinguish between beet sugar and cane sugar. There is no 
reason to think that beet sugar is being transported shorter or 

longer distances today than 20 Or 30 years ago, since there has 
been no marked change in the location of the plants or markets. 

But it is known that the number of men required to sh ip a ton 

of freight has been d~creasing over a period of 10 to 15 years. 

Whether this tendency toward decreased employment has offset the 

tendency toward increased employment resulting from the larger 

production of sugar. it is impossible to say. 
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Attention should be called to other Obvious omissions in the 

estimates of employment in the segments which makeup the vertical 

structure of the industry. While an attempt has been made to 

estimate the number of man-hours of labor utilized from year to 
year in manufacturing machinery, no corresponding attempt has 

been made to estimate the employment in the building and repairing 

of the structures which house this. machinery. The difficulties 

involved in making these estimates, coupled with the fact that 

most of the structures for which financial data are available 

were built previous to 1917, made it seem unwise to make these 

estimates. Moreover, because of the large amount of building 

in the years 1915-19 and the long life of structures there has 

been relatively little building since then. 

Also, no attempt has been made to estimate the man-hours employed 

in the production of materials other t han fuel and beets nor 

those used in the transportation of fuel and of these materials. 

TDTAL VDLUME DP EMPLDYMENT 

The average annual volume of employment measured in man-hours 

in all of the vertical segments for which employment could be 

estimated is shown in table 8. Since agricultural employment was 

Year 

1917 
1920-24 
192 8-32 
1934-35 

Tabla B.- AVERAGE YEARLY MAN-KDURS OF EMPLDYMENT 
IN PDUR VERTICAL SEGMENTS DP TKE BEET-SUGAR 

INDUSTRY. 1917-35" 

(Thoa ••• d.. ) 

GrowinQ Machinery 
Total and trans- Process- Fuel for for 

portation lng factories factories 
of beets 

111 121 131 141 151 

111.130 75.145 29.210 1.846 4.929 
111.977 82.656 25,931 1.899 1.49l. 

91.541 70.983 17.596 1.877 1.085 
92.531 72.004 17.601 1.851 1.075 

aBaseo on table A-6. 

obtained as an average annual figure based upon average acreages 

harvested and yields for the periods 1913-17, 1920-24, 1928-32, 
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and 1934-36, the estimates of employment for the other vertical 

segments of the industry were also expressed as annual averages 
for the same pe r.i ods , except that the year 1917 was substituted 

for the first period and the years 1934 and 1935 for the last 

period because of lack of data for 1913-16 and 1936 in other 

se~ments of the ipdustry. 

Comparison of the chang-es in the man-hours of employment in 

the four segments of the industry with the changes in production 

I beets slicedi is shown in figure 5. Except durir!g the initial 

period, the growing and transportation of beets has re.:tuired 

about 74 to 7b percent of all the labor in the measured segments 

of the industry. It might be remarked that IIlllch of this labor 

was the least skilleJ and poorest paid, being in part that of 

transient a~ricultural workers and including that of women and 

children. fhe labor in the factories declined from 26 percent 

of the total in the earlier years to.l.9 percent in 193L1--35. The 

labor for fuel was approximately 2 percent of the total throughout 

the period and about 10 percent of the labor in the factories 

in the later ye'tfS while since 194!0 the labor used in the machin

ery industry has been about .I. percent of the total and 6 percent 

of that in the factories. There has been a decline in the labor 

Use(! in the industry amounting to 20 percent if only the end 

periods are compitret;iand this in face of an increased production 

of ::.lb percent in terms of beets sliced. Increased use of machin

ery in the growing of the beets, the use of trucks to transport 

them to market, improved seed and agricultural methods. improve

ments in the factories, and increased efficiency in the extraction 

of coal and in the machinery industries have all combined to 

brin~ this about. 

The number of persons dependent upon the functioning of the 

beet-sufiar industry for a part of their income from employment 

in 1933 was approximately )0,000 inthe factories, 70,000 sugar

beet i5fowers, 159,000 hired laborers in the beet fieldS, 2,000 

in the production of fuel, 1,000 in the machinery indUstries. 

and several thousand more in the transportation of fuel and sugar 

anLi in the wholesale and retail distribution of the sugar. The 

est imated total migh t. there! are, range anywhere from ~62 ,DOD 

to :.:70.000 or more in this year of peak production. But some 

of those workin;c: in the beet fields received paY for only a few 

weeks' work; many fflrmers depended upon the industry for a sub

stantial portion of their cash income; the bulk of the workers 
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in the factories averaged not more than 7~ days 01 work; and in 
the machinery and fuel industries it is likely that a number 

equal to that included in the estimate depended upon the industry 
for their entire employment. 

S\JMoIARY 

The outstanding characteristic of the employment in this in

dustry is the fact that of the large number of persons, same 
260 thousand or more, who receive incoae from employment not 
more than a few thousand have employment for the year. In fact 

the employment period tends to be considerably less than 100 days 
for most of them, and in the beet-sugar factories the average 
period of employment during the campaign has been decreasing. 

This, combined with the type of work required, has created prob
lems of transient labor. Laborers have been drawn into SOme 
communities for employment during a short period but have remained 

to be taken care of on relief rolls for the rest of the year. Ie 

Largely because of greater eft iciency in all segments, the 

number of people who find employment in the industry has remained 
fairly stable in the face of a steady increase in the volume of 
production. This factor affecting the demand for labor will 
receive more detailed consideration in chapter IV. 

There are, however, year-to-year fluctuations, sometimes of 
considerable magnitude, in the numbers employed or in the length 
of the period of employment, due to fluctuations in the amount 
of production. The natural and economic causes which bring about 

these fluctuations will be discussed in chapter III. together 
with the causes which have determined the level of production 

and its upward trend. 

l6W. Lewis Abbott, Repof'tfof" tile Ccna.ittee on Labor- Conditions in the 01'owing 
Of Suga'r Beets (waShington, D. C.: IlI1meo., Mar. 1934); Walter Quinn In an 
unpubl1sned report on The CoM1 t.lons or SUgar Beet WOrKers 1n Colorado 1n 
1937 (worKS progress Adm1nIstrat10n, Section or Labor Research. DivisIon or 
Research. Stat.1stlcs and RecordS); Elizabeth S. Johnson, "wages, Employment 
Condltlons, and Welrare or Sugar-Beet. Laborers,R MonthLy Labor Review, 46, 
No.2 (Feb. 1936), 331, 337-6. 



CHAPTER III 

CHANGING PRODUCTION AS A FACTOR AFFECTING 
THE VOLUME OF EMPLOYMENT 

RELATIDNSHIP DF PRDDUCTIDN AND 
EMPLDYMENT CHANGES 

That change in the volume of production is the major determining 

factor of change in the volume of employment is self-evident, but 
the year-ta-year changes in product ion may not bring about propor

tional changes in employment because of the influences of other 
factors. Likewise, over a period of years an increase or decrease 
in production may not be accompanied by a proportional increase 
or decrease in employment. In fact, employment may fall off while 

production is increasing. 

For the purpose of comparing changes in the volume of employment 

wi th changes in production, two types of measures may be used 

which have been presented in chapter II, either the average number 

of persons employed during the year, which is a rough attempt to 

measure employment in man-years 1 the man-years representing a 

changing number of man-hours) or the number of man-hours. If 

measured in terms of average number of persons employed, changes 

in the number of hours worked per person during the period may 

cause the movement of the employment series to be different from 

that of the production series for the corresponding years. 

The main purpose in this chapter is to explain the movements 

in production which have affected the volume of employment. Hence 

a comparison of the changes in the average nllmber of persons em

ployed in the beet-sugar factories wi th the changes in production 

may serve as an introduction to this Chapter and the one which 

follows by pointing out the differences in the movements of the 

two series which remain to be explained. Figure 6 presents on 

a ratio scale the changes in the amount of beet sugar produced, 

in tons of beets sliced, and in the average number of wage earners 

from 1899 to 1935. The first two series are shown in table 9 also. 

The rising trend of sugar production throughout the period is 

partly attributable to an increase in the sugar content of the 

beets and to an increase in the percentage of available sugar 

extracted. Since these influences have little if any effect upon 

38 
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Figur. 6.- PRODUCTION AND EMPLOYMENT IN BEET-SUGAR FACTORIES 
1899-1935 
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labor requirements in the factory, the quantities of beets sliced 

have been placed on the chart for comparison with employment. 

Employment fluctuates much more closely with total tons of beets 

sliced than with total sugar produced, and the dependence of 

employment upon the extent of operations is thus more clearly 
revealed. 

It will be observed that while the trends of the series for 

sugar produced and beets sliced continued upward throughout the 

period, that for the average number of wage earners, after in

creasing at a somewhat slower rate than the other two up to 1920, 

changed toa declining trend. The differences between the trends 
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Tlbh 9.- SUGAR BEETS SLICED AND BEET SUBAR PRODUCED 
1899-1935' 

(Thoullod. .1 .hort ton.) 

Year Beets sliced SUBar produced b 

1899 7915 82 
1903 2 , 175 254 
1908 3,960 502 
1913 ~, 639 743 
1918 ~Je4g 722 

1920 7,873 1,030 
1922 5,786 754 
1924 7,423 1,083 
1926 6,711 899 

1928 6,951 1,oe6 
1931 7,620 1,le~ 

1933 10, 77Sc 1,636 
1935 7,745 1,186 

aCensus ot NGnufoctu~e3 data. 
bFlgureS represent total sugar proo.ucet1; they include a small Quantltyor raw 
sugar. and c11rrer slightly trom th.ose tor granulated sugar given In table A-t. 
1899 Is the only year when a considerable portion or the sugar was raw. 
CAgf'"icu~t'U1"a~ Statistics. 1B36 (U. S. Dept. Agr., 1936), p. 91. 

in production .. nd in employment can be explained in large part 
by the changes in the number of man-hours required to produce a 

bag of sugar, a factor which will be given detailed consideration 

in chapter IV. 

Relative differences in the year-to-year fluctuations in the 

average number of wage earners as compared wi th the year-to-year 

changes in production are inpart due to the fact that the average 

number of wage earners is a very imperfect measure of the employ
ment of labor in an industry in which the operating season is 

short and of a varying length from year to year. 

Changes in the length of the campaign plant shift which took 

place during the period from 1918 to 1935 also affected the aver

age number of persons employed, although they probably had li ttle 

effect upon the number of man-hours worked. Two large companies 

in the year 1919 changed campaign plant shifts from two 12-hour 

to three 8-hour shifts per 2q.-hour day thus necessitating an 

increase in the number of men, but one of these companies returned 

to two 12-hour shifts in 1922. Since 1933. when an 8-hour working 
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day was established for the industry under the National InduSL'~,! 
Recovery Act. all companies have been operating with three S-~~ 

shifts during the campaign period. This necessitated a la.~) 
• "e, .::.'''-~ 

proportional increase in the number of men in 1933 than jn,?~ 
number of hours worked,l 

.'-., ,,- . 

ABSENCE OF CORRELATION WITH BUS INESS CYCLES 

Employment in the beet-sugar industry has not exhibi ted tl1e,,"~' 
cyclical behavior shown by general indexes of employment becllonae,. 
beet-sugar production has not followed the fluctuations of generaL 
business cycles. The relative year-to-year changes in the pro--:' 
duction of beet sugar and in the Federal Reserve Board' s indell 

of all industrial production for the period 1919-35 are s110WI1 if! 
,-~ 

figure 7. In 10 of the years the two series move inverse1y t~ 

F I gu .. 7.· INDEXES OF PRODUCT I ON OF BEET 5 UOAI\ 
AND ALL MANUFACTURES. 1519.36 

(J 923·25-100) 

,oo~~;-----\-~--~?--j~-----jL--+------Jr-+----------~--------~~ 

~L.-~~-L.-L~ __ L-~~-L-.~-L~~~~~~=-~~ 
.. Il1O 1121 ltaa IfIU .... ItIS ,_ IW7 tIU ... INO ltal leaz taa 

laud on tabl •• ·6 wp,,_ M.tlonal 

11nterc6JT1Pale:n hours per shitt and per week were not changed.. How.V-er. 
3 reveals an increase 1n the Intercampalgn elllPloyment comparabl.
crease 11'1 campaign employment for that year proba.bly due to Incre 
campaign activity ln ant1clPation of the largest campaign In the 
the 1ndustry. 
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each other, but the movements are in the same direction in the 

remaining 6 years. While industrial activity fell to an extremely 

low point in 1932, beet-sugar production was moving to an all-time 

high in 1933. The failure of beet-sugar production to reflect 
the general swings in industrial activity is due to the peculiar 
economic milieu of governmental protect ion and control wi thin which 

the industry operates, on the one hand, and to the dependence of 

the industry upon the production of an agricultural commodity, 

sugar beets, on the other, as will be shown in the discussion 

which follows. 

FACTORS INFLUENCING PRODUCTION OF BEET SUGAR 

The importance of governmental action and the industry's re

lationship to agriculture will be brought to the front as the 
anSwers to the following questions are being sought. What eco
nomic circumstances, on the one hand, permitted or are responsible 

for the great rise in the production of beet sugar from 1899 to 
the end of the war? ~hy, on the other hand, did the previously 
rapid rate of increase of beet-sugar production decline following 

the end of the war? What economic circumstances are responsible 

for the increase in production to the highest point in the history 

of the industry in 1933 when the other manufacturing industries 

were suffering from a serious depression? What economic circum

stances acted as retarding influences on the trend of beet-sugar 

production, and what circumstances are responsible for the erratic 

year-to-year fluctuations of production within the general tfend 

of growth? Finally, what forces today are operative in promoting 

or retarding an expansion of beet-sugar production, and what is 

the outlook for the future? 

Fluctuations in Consum~t ion 

In order to understand bet ter the interplay of various factors 

de'termining the volume of production of beet sugar in the Uni ted 

States. it is necessary to understand the nature and extent of 

the demand for sugar and of the competitive condi tions under which 

the beet-sugar industry operates. 

Practically all the sugar now produced is used either in the 

home or in the manufacture of foodstuffs such as candy and bakery 

goods. Si nee sugar is a rela ti vely small item in the household 
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budget and is habitually used as the chief sweetening food, house

wives are WODt to continue their customary purchases of sugar 

regardless of minor fluctuations in its retail price. 2 

The rising consumption of sugar in the United States is shown 
in figure 8. There are also shown on the chart the wholesale 

prices of refined sugar at New York and the annual per-capi ta 

consumption of sugar. By 1936 the consumption of sugar had in
creased to 264 percent of that in 1899. 3 The rise in per-capi ta 

consumption indicates that this increase in the consumption of 

sugar was only partly due to population growth and that sugar 

had become an increasingly important item in the household budget. 

Between 1899 and 1913, when the price of sugar fluctuated between 

q. and 52: cents per pound, total and per-capita consumption showed 
a steady rise. 

The steady rise in total consumption of sugar was interrupted 

by the disturbances in supply and demand which accompanied the 
Great War only to resume its earlier trend line later after re
gaining what it had lost during the war. The trend upward was 

again interrupted from 1929 to 1932 by the sudden falling off 

in incomes which accompanied the depression. An examination of 
the year-ta-year fluctuations in 

to indicate a certain 
the per-capita consumption of 
correlation with year-to-year sugar seems 

changes in incomes. In other words, it is probable 
in the form of various luxury foods demand for sugar 

that the 

falls off 

with the decline in incomes.· These fluctuations in per-capita 

2It has been est1mate(1 that the average cost of sugar per family In 1931 was 
$17.33. as comDared wIth $25.31 for eggs, $54.82 for beef, and $105.41 fc-r 
mUIt. See Sugar Institute, Study oj Sugar Used by Hanujactu<'e-rs and for 
House.hold ConSU'IIption. 1929 and 1931 (New York: Sugar Institute, 1934), 
~tatlst1cal Report No. 23, p. 6. 

Henry Schultz. 1n hIs statistical ana::'ysls of demand and supply curves tor 
sugar. states that 'the elast1city of the UnIted States' demand [for sugar} 
has been found. by four (1lfferent methods, to be aDDroxlmately equ'll tQ -0.6 
under 'normal' cond1t10ns. That is to say, based on the experience of 1890 
to 1914, an increase in the r>rlc€ of sugar of 1 percent will reduce consump
tion bYl/2 or 1 Dercentllndernormal conditions." Statisticai Laws of De11land 
and Su./JPly (Chicago. IlL: The UnlvE'rsity cf ChIcago Press, 1928), p. 200. 
Mr. Schul tz emphasizes the ract that the resul ts 0 f hl~ methods cannot be 
separated from the methods themselves and that if other methcds w;>re to be 
used, identical results would not be obtalned. 
3LiPpert S. Ellis in 'the 'fad!! on Sugar (Freeport, Ill.: The Rawlf:l!":h 
Foundation, i933) states (D. 25) that cbservations In the United States for 
lOB years preVIOUS to 1933 show tr.at consumDt.1on has made an annual average 
increase of a little more than 5 percent. 

4SeeSugarInStltute, op. cit., P.S.Wh1ch states Wthattheaverage amount of 
sugar used by each Derson in the United States, 1n the rorm (;f sugar or of 
home-made desserts, remained practically constant durIng the flr.st two years 
or the depreSSion. and that the loss 1n total consumpt1on was due t~ decreased 
purChasesof factory-made Jams, candy, sort drinks, etc., and a -,,!';aIler ccn
sUmpt10n of Dies, cakes and cookle::;, from the bake ShOp. The cC'nclusLm 
may be drawn from these f1.gures that sugar as sugar 1 s not regarded as a 
luxury fOOd, but 1s consIdered necessary and econc:mlcal by tl:e .AmerIcan 
housewife. On the other hand, it would appear that the feeling Is 01 Her-cnt 
When 1t comes to candy. ice-cream, beverages, chewing gUTr., etc." 
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flgu,. 8.- TOTAL AND PER-CAPITA CONSUMPTION 
AND WHOLESALE PRICES OF REFINED SUGAR 

1899-1936 
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consumption are reflected in the curve of total consumption but 
wi th lessened amplitudes because of the fact that the steady 

increase in population tends to offs"2t to some extent the factor 

of decline in per-capita consumption. 

The use of sugar as the chief sweetening food is very likely 

to continue, for sugar has no serious competitors. Edible, 

noncrystallizable sirups compete wi ttl sugar as a sweetening food 
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for some purposes, namely, in the manufacture of ice cream and 

bakery products in the food industry and in the home where these 

sirups may be used in the preparation of certain foods. However, 

most edible sirups sold as sweetening foods. with the except jon 
of maple sirups and corD sirups, are byproducts of beet-sugar 

and cane-sugar manufacture. As compared wi th the huge quanti ties 

of sugar consumed, the exceedingly small amounts of other sweet

ening foods used are of no great importance. 

Per-capita and total consumption of sugar declined during the 
depression, reached their low points in the period 1932-34, and 
thereafter turned upward. Although the consumption of sugar has 

been rising since 1934-. it is impossible at this date to predict 

what average rate of increase in consumption we may expect during 

the next decade. That consumption of sugar will keep pace with 

increase in population seems highly probable, and from the be

havior of the curve showing per-capi ta coosumpt ioo there is also 

a high degree of probabili ty that total consumption will proceed 

at even a faster rate than population, but that this rate of 

increase will gradually slow down. 

Soure •• at Sugar Conlumed in tbe Untted Stat •• 

As pointed out in chapter I, beet sugar competes wi th an iden

tical product, cane sugar. in supplying the total demand for 

sugar in the Uni ted States. Cane sugar and beet sugar are not 

exactly identical from the point of viewof the market, however. 

as is revealed by the usual price differential in favor of cane 

sugar. 

The Uni ted States has always depended on outside sourceS for 

a large part of its supply of sugar. For a number of years the 

chief sources of the sugar coming into this country have been 

the Philippine Islands, Hawaii, Puerto Rico. and Cuba.. Louisiana 

and Florid". cane sugar also compete in the national sugar market, 

turn] shing about 2:2: percent of the total amount of sugar consumed 

in this country. A tariff upon the sugar imported bas been in 

existence in the United States since 1789 except for a short 

period between 1890 and 1894 when a direct bounty of 2 cents 

per pound was paid upon all sugars domestically produced. Prior 

to 1890 the tariff had been primarily a revenue measure serving 

only incidentally as a protection for the relatively uni.mportant 

Louisiana cane-sugar industry. Since 1890 greater emphasis has 
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Flgur. 9.- DISTRIBUTION BY SOURCE OF SUGAR CONSUMED 
IN CONTINENTAL UNITED STATES, 1899-1932 
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been placed on the protective feature of the tariff. It has 

afforded protection for the producers of sugar in certain is

lands from which the Uni ted States obtains its supply. as well 

as for domestic beet-sugar producers and domestic cane-sug-ar pro

ducers . Hawai ian producers since 1876. Puerto Rican producers 

since 1901, and Philippine producers since 1909 have enjoyed the 
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protection given by the taritf. 6 The percentages of the total 

sugar consumed in the Uni ted States from the different sources are 

graphically shown in figure 9. 6 

Efflet of Unit.d Stat •• Tariff, Upon Dom •• tle Production of 
a •• t Sugar 

From 1899 to 191~ the production of beet sugar in the United 

States increased at a rapid rate, but after this the rate of 

increase declined. The production of cane sugar in Cuba during 
this period was increasing at a slower percentage rate, but the 
absolute rate of increase was much greater, while at the same 

time the production in the island possessions was also being 

buil t up, at a somewhat slower rate, so that by 1913 the other 

foreign competitors had been practically driven from the American 

market. After the war. production in Cuba took a spurt upward 

bringing her production in 1922 to a new level of 57 percent of 

the total sugar consumed in the Uni ted States. This was followed 

in 192.Q. by a marked increase in the upward trend in production 

in the island areas until in 19~ they were producing Q.8 percent 

of the total sugar consumed in the United States. In the mean

time production in Cuba began to fall off, taking a decided turn 

downward in 1929 both relative to the total and absolutely. The 

production of domestic beet sugar, after rising to a new level 

in 1921 when the beet-sugar industry supplied 23 percent of the 

market, tended to decline both relative to the total sugar sup

plied to the market and absolutely.? After fluctuating ~bout 

a level for several years, production in the beet-sugar industry 

seemed to resume an upward trend around 192.8, interrupted some

what by year-to-year fluctuations, until in 1932 it had regained 

its relative posi tion as a producer in the American market, with 

21 percent of the production to its credit. After 1929 neither 

the production of beet sugar in the United States nor of cane 

sugar in the islands reflected the decline which characterized 

the consumption of sugar. In fact both of them made marked 

increases in their production during this period. 

SArter 1903 the Phllipp1ne Islands were permitted to e:r.port sugar to U5 at 
a 25-percent reduction rrom the rull import duty on sugar; arter 1909 they 
were perm1tted to e:r.port 300,000 tons or sugar to th1s country rree or duty; 
and arter 1913 the Philipp1nes were permitted complete rree~om or access to 
our marke t. 
6Table A-a shows these ~ata 1n absolute terms an~ 1n more ~eta1l. 
7 1921 15 the marKet year, not campa1gn year, and hence carrespcnd.s tor the 
most part to the 1920 campaign year. Market years, not campaign ytlars. wlll 
be use~ 1n the tollowlng discussion. 
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In the tariff policy of the United States Government is to be 

found in part the explanation of the peculiar characteristics 

of the growth of production of beet sugar in the United States, 

as welJ as a partial explanation of the flnctuations about the 

line of growth. Before the World War the trend of the produc

tion of heet sugar was much steeper than that of the total con

sumption of sugar in the United States, but since the war the 

trends, thOllgh not so clearly defined, have run more nearly 

parallel. The fluctuations of the two curves about these trends 

show little correlation, however. It is these differences in 

the changes in the two series that require explanation. Why 

does the production of beet sugar fail to reflect the fluctua

tions in the demand for sngar? 

Allocation of Production Under Free-Trade Conditions.- Under 

conditinns of free trade the amount of sugar produced in each 

r)f theworld's principal producing areas would become so adjusted 

to the world price as to result in all the areas arriving at 

marginal costs which are approximately equal after adjustments 

have been made for transportation costs to the principal markets. 

Whether anyone distrlct would find it profitable to participate 

in the indllstrial activity at the world price would depend, of 

conTse, npon whether in th<l:t district any producers could operate 

at costs not in excess of the marginal costs established under 

the conditions of competition in competing areas. 

Whether the United States would produce a.ny sugar under the 

conditions of free trade is, therefore, a question of relative 

costs which would be incurred to produce varying supplies of 

su,;-ar. These costs, in tUfn, are determined by the suitability 

of the natural resources for the undertaking, the nearness to 

the markets, and the alternative uses to which those resources 

and the labor and capital supply of the economy can be put. 

Under acompetitive internat ional-trade situation the opportunity 

cost resulting from the alternative uses of resources may well 

be so' high as to remove certain industries which exist under 

governmental protection from the economy altogether. 

In order to determine whether there would be any considerable 

prnd1lctinn nf sugar within the bOllndaries of continental United 

States nnder these circumstances, an analysis of the costs of 

prodllction of the various mills would he required, together with 

the construction of a supply curve showing the prodl1ction which 
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would be called forth by a variety of supply prices. As to what 

the magnitude of this production would be in the United States, 

estimates reveal that efficient parts of the beet-sugar industry 

could continue to operate profitably in the absenceef protection. 

A calculation of the percentages of the domestic beet-sugar 

industry that would have survived free trade in sugar in 1916-17 
and 1917-.8 was made by the United States Tariff Commission on 

the basis of its early cost studies. 8 It was est imated that 

56.8 percent of the beet-sugar industry would have survived if 

the tariff on sugar had been removed in 1916 as was originally 

contemplated by Congress in the Tariff Act of 1913. However, 

the competitive position of the industry was found by the Com

mission to have been much improved by 1918; at this time it 

was estimated that 82 percent of the industry could survive free 

trade. 9 It should be noted that in making these estimates the 

Commission did not take into account interest on investment as 

an element in cost, hence the estimates would be lower if interest 

was added to costs. It should also be noted that the estimates 

are based on the assumption that only that part of the industry 

which was producing at a cost equal to or below the world price 

could survive in anyone year. The possibility of survival must 

therefore be interpreted in this very limited sense. Also, the 

difference in estimates between 1916 and 1918 may be in large 

part due to a rise in the price of sugar not reflected in the 

costs of production of beet sugar. Actual survival of any por

tion of the industry after the removal of the tariff is a fUnction 

of several variables, some of which are highly indeterminate. 

After taking into considerat ion average Cuban costs for 1921 and 

1922, freight differentials, the above-normal price that existed 

at that time, and the increase in Cuban production that could 

be expected as a result of the price, Mr. Philip G. Wright has 

estimated that in 1923, 66 percent of the domestic beet-sugar 

industry could have survived free trade. 10 

The most recent study made by the Commission of the costs of 

producers in the various supply areas of the United States sugar 

system shows that a considerable portion of the domestic beet

sugar industry still requires government protection for its ex-

BOosts oj P~oduction in the SugQ~ Industry (U. S. Tartt! Comm1ss10n. Tart!f 
Inrormatlon SerIes No.9, 1919), pp. 41-2. 
9Ibid ., p. 44. 

lOphI11P G. Wr1ght, Sugar in Uetation to the far iff (New York: HcGraw-HIl1 
Book Co .• Inc •• 1924). PD. 135-6. 
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istence. Table 10 gives the average cost of producing beet 

sugar f. o. b. factory as contrasted with the costs of producing 

cane sugar from the various cane areas f. o. b. American seaboard 

refineries. It The costs shown are average costs for the 3 cam
paign years 1929-31. They indicate that the average costs of 

refined Cuban cane sugar f. o. b. refineries on the Atlantic coast 

were less by 1.19 cents per pound than the average costs of beet 

sugar f. o. b. factories. 

Tabl. 10.- COMPARATIVE AVERAGE TOTAL COSTS OF REFINED SUGARS 
COMPETING IN TNE UNITED STATES, 1929_31 a 

(C.nt. p.r pound) 

Source 

Domestic beet at factories 

Louisiana cane at New Orleans 
Hawaiian cane at Pacific and 

Atlantic refineries 
Puerto Rican cane at Atlantic 

refineries 
Philippine cane at Atlan!ic 

refineries 
Cuban cane at Atlantic and 

Gulf Coast refineries b 

Average 
cost, 

campa ign 
years 

1929-31 

3.93 

5.46 

4.11 

4.10 

3.54 

2.74 

Competitive 
advantage (+) or 
disadvantage (-) 

of beet sugar 

+1.53 

+0.18 

+0.17 

-0.39 

-1.19 

aSa5ea on Repo~t to the P~esident on Suga~ (u. S. tarit! Commlss1o~. Report 
No. 73. Second Ser1es. 1934). pp. 88. 132-3. Figures reter to cost or prOOuc
tlon of cane and beets, not price. Imputed interest on tOtal Investment at 
6 percent Is included in cost. Cane-suga.r costs include cost ot refining 
in the United States. 
bThese costs are not normal but a result or the low prices or sugar (eepo~t 
to the President on Sugar. p. 21). 

Growth of the Industry OnderProtection. 1890-1913.- The growth 

of the industry in the United States since 1899 and its present 
scale, of operations must, in view of the facts stated above, be 

l1Cane sugar enters the markets of the United States through ports on the 
Atlantic and PacifiC coasts and on the Gult of Mexico, whIle beet sugar is 
tlrod.uced. in the dairY States ot the Middle West. 1n the range and. pla1ns 
States west ot the Mlss1ss1DIl1, and. 1n CalHorn1a. As a result of these 
racts, cane-sugar producers pay smaller freight rates wi thin th1s country 
to consuming centers in the East anO South. Beet-sugar producers Day smaller 
fre1ght rates to areas west and. north ot the M1ssouri River. Cane and beet 
sugars ;lr;)d.uced In the West pay approximately equal freight rates 1n CalHornia 
and States ot the upper Mississipp1 Valley, and, of course, the beet-sugar 
producers of the central dairy States have a considerable freight adVantage 
1n that area. 
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explained in part in terms of the protection it has received 
which has resulted in the establishment of a domestic price for 

sugar sUbstantially and uniformly above the world price. The 

Federal Government provided a twofold impetus to the development 

of the beet-sugar industry in this country when the industry 

was first emerging from its experimental stages. On the one 

hand. the McKinley Tariff Act of 1890 sUbstituted for the pre

vious duty a direct bounty of .2 cents per pound on all sugar 

domestically produced. and this resulted in a decided stimulus 

to the infant industry. Also. the United States Department of 

Agriculture was active during the decade of the nineties in 

advert ising and encouraging the expansion of sugar-beet growing. 

Special and regular reports of the Department devoted much space 

to the methods of sugar-beet culture and argued the advantages 
of sugar-beet growing both from the point of view of the farmer 

and of the nation as a method of producing a part of the domestic 

sugar requirements at home. 12 

The tariff protect ion provided by Congress since 1897 for domes

tically produced sugars is summarized in table 11. Previous to 

1913 the production of sugar within the United States. in the 

insular areas, and in Cuba Was not sufficient to satisfy the 
demand for sugar in thlS country, so considerable amounts of sugar 

were imported from foreign countries other than Cuba. The result 

was that the American consumer paid the world price of sugar plus 

the full rate of duty but the Cuban producers received the 

2o-percent Cuban tariff differential. By 1914. however, domestic, 

insular, and Cuban production had expanded to such an extent that 

the combined production was greater than the amount of sugar con

sumed in the United States. Imports from foreign countries other 
than Cuba became negligible. ~nd Cuba began exporting her sur

pluses, over and above the needs of the United States, to other 

markets. In general, then, by 191~ the American consumer paid 

the world price plus only the Cuban tariff rate. and Cuban pro

ducers received only the world price. 

The fact that the American price was maintained above the world 
price reSUlted, of course, in the exploitation of less-productive 

economic opportunities in this industry than would have been 

possible had the world price prevailed. In other words. by main

taining a supply price in the United States which was appreciably 

j12Frank 11. TaUssIg, S01II.e Aspects O! the fad!! Question (CambrIdge. Mass.: 
ptarvard University press, HI15). pp. 80-1, 95. 
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Tabl. 11.- RATES DF DUTY ON SUGAR IN UNITED STATES TARIFF ACTS 
1897_193S a 

(Canta par pound) 

Ta.riff rate 96 0 centrifugal Refined, 
effective Full rate b Cuban rate C Cuban rate 

(1 ) (2 ) (3 ) 

July 24, 1897 1.685 1. 6850 -

Aug. 6, 1909 1.685 1.3480 1. 5200 

Mar. 1, 1914 1.256 1.0048 1. 0080 

May 28, 1921 2.000 1.6000 1. 7280 

Sept. 22, 1922 2.206 1.7648 1. 9120 

June 18, 1930 2.500 2.0000 2.1200 

June 8, 1934 1.875 1. 5000 1.9875 

Sept. 4, 1934 1.875 0.9000 0.9540 

aDatd. in; eols. (1) and (2). July 24, 1897 to June 18, 1930. from Lippert S. 
E1l1s, The 'lad!! on Suga'l' {Freeport., Ill.: Tne Rawlelgh FoundatIon, 1933}, 
D. 48; col. (~). AU6,ust e, 1909 through June 16, 1\130, frOlll Repo'T"t to the 
President on Sugar (U. S. Tarlrt Comm1ssion, Report NO. 73, Second Se1'1e3, 
1934). p. 35. Rates eUectlve June 8, 1934were estab11shed ~y Presidential 
DI'oclamatlon of June B, 1934 under the flexible provisions or the Tarltf Act 
or 1921; those eHectlve septemoer 4, 1934 were establ1shed under the terms 
of the ReCIprocIty Trade Agreement-of Au~Ust 1934. NO rate fOr refined Cuban 
suga.r was in efreet on July 24, 1897. 

bsugar from Hawa1I admltted free sInce September 9, 1876; from Puerto R1co, 
admHted free sInce JUly 25, 1901; and frolll tne Phll1pplne Islands, admitted 
free slnce A.ugust 6. 1909. 

CUnder the termsof the reCIprocitY treaty ef!ectlVe December 27, 1903, Cuba 
was ~lven a 2O-percent preference. 

above the world supply price, a larger production was forthcoming 

from producers wi thin the United States than would have been 

forthcoming had the world price prevailed in the United States. 

Ph i lippine, Hawai ian, and Puerto Rican cane producers also en- ~ 

joyed the protection of the American tariff, so that a larger 

production was forthcoming from these areas than would have been 

forthcoming under the world price, and Cuba enjoyed a preferential 

duty which stimulated production radii ties there. Indeed, as 

has been seen, production in the islands expanded appreciably 
uAde~ the tariff protection received. 13 

B,Y increasing the production of sngar within the jurisdictional 

limits of the United States, the tariff has drawn a SUbstantial 

labor force into the industry to produce this additional output. 

This Observation must not be interpreted as supporting the thesis 

tha t a 

whole. 

prot ect i ve 

No attempt 

tariff creates employment in industry as a 

is made to estimate the additional cost of 

13See figure 9 and table A-B. 
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sugar and the consequent reduction in purchasing power of American 

consumers because of this policy, nor are we in a position to 

state the loss of employment opportunities in other industries 

with comparative advantages in trade whose costs have been in

creased or markets restricted by the expansion of the beet-sugar 

industry. 

Thus it is generally agreed that the tariff was responsible 

not only for the rapid development of the beet-sugar industry 

in the United States but also for the development of the cane

sugar industry in the island areas in the period from 1900 to 

1914. Moreover, the preference given to Cuban sugar was suffi
cient to bring about its rapid development at the same time. 

All of these sources of supply were being developed at a time 

when the consumption of sugar was expanding at a fairly rapid 

rate. Advances in technology in the beet-sugar industry during 

this period, both in the growing of beets and in the processing 

in the factories, made it possible for the industry to expand 

within the limits afforded by protection until by 1914 it was 

producing 18 percent of the sugar offered on the American market. 

Under the protection of the tariff the margins of utilization 

of resources in the United States, Cuba, and the islands were 

adjusted relative to the margins of utilization which were estab

lished in other districts by the world price. Just why the tariff 

was so placed that under the existing conditions of supply and de

mand factors there resulted a production of domestic beet sugar 

that totaled about 18 percent of the sugar domestically consumed 

is aquestion of publicpolicy whichwas controlled by a multiplic

ity of factors. 

Competition for the American Ifarket. 1914-1933'- During and 

immediately after the World War an expansion took place in the 

land devoted to the production of sugarcane and in the capital 

equipment in the sugar industry in all areas, so that by 1919 a 

greatly increased capacity for production of sugar existed. The 

dislocations of production associated with the war period called 

into existence in this industry, as in many others, capital equip

ment beyond that warranted by the rate of increase in consumption. 

Thus, there appears after 1919 a competitive condition which is 

different from that preceding this period. Whether t he World War 

did more than hasten the period when the increase in capacity 

~or production, brought about by expansion of sugarcane acreage 

in Cuba and the islands and of sugar-beet acreage in the United 
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States, would outrun the increase in demand, it is impossible 

to say. At any rate, after L919 competition between these three 

producing areas appears to be more keen than before. 

The competition due to the increase in the supplies of sugar 

coming from the duty-free island areas resulted in the Cuban 

producers I sacrificing the .;?;o-percent tariff differential after 

1913. and the effective rate of duty in this country after that 
date became the Cuban rate of duty. That the price of sugar to 
the American consumer has been above the world price by virtually 

the effective Cuban tariff rate from 1922 to 1930 is demonstrated 

by figure 10. The average quarterly prices of Cuban sugar, duty 

Plgu •• 10.- PRICE DIFFERENTIALS OF RAW CUBAN SUGAR 
AT NEW YORK AND LONDON, QUARTERLY 

1922-31 
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IfP", - HatTon.' Research Project 

H-10 

paid New York and c. i. f. price London (includes cost, insurance, 

and frei~ht but not duty) are shown there for the period 1922-3l. 

The average difference in the two setsof prices from 1922tO 1929 

was 1.695 cents per pound. 14 When the average excess transpor

tation costs from Cuba to London over the costs from Cuba to New 

14 Ell1s • oP. cit.. p. 125. 
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York are considered, the average difference between thetwo series 
of prices is practically e~ual to the Cuban duty of 1.76~8 cents 

per pound levied by this country. The average freight differential 

between Cuba and the two ci ties was between ~ and 7 cents per 100 

pounds, which, added to the average differential of 1.695 cents, 
gives between 1.739 and 1.765 cents per pound respectively. 16 

A comparison of the changes in rates of duty, noted in table 11, 

which occurred in 1921, 1922,and 1930 with the changing propor
tions of production supplied by the different areas, as shown 

in figures 9 and II, brings out the fact that from 1922 to 1926 

Cuba was gaining a larger share of the increasing market at the 
expense, for the most part, of the beet-sugar industry and that 

increase in tariff rates in 1921 and 19.;,/:2 were not sufficient 
to check this. After 1930, Cuba's advantage of lower costs was 

sufficiently oftset by the increased tariff so that, coupled with 

other factors, among which were legislative and other measures 
reducing the amount of her production and of her exports to the 

Uni ted States, the supply that she could offer on the market was 

materially reduced. What Cuba lost in advantage between 1926 

and 1930 Seems to have been transferred in large part to the cane 

sugar produced in the islands. Only after 1929was the beet-sugar 

industry able to compete successfully and regain the portion of 

the market which it had lost. 

The different characteristics of the cane-sugar and beet-sugar 

industries explain in part the reasons for the advantages of cane 
sugar over beet sugar during these years. Once sugarcane is 
planted, it bears for several years, so that if enough can be 

obtained from the crop to pay for the labor of harvesting it and 

ot transport ing it, it will be put on the market. Also, the cost 

of labor is kept to a bare minimum because at the fact that cane

sugar areas are usually one-crop areas, and this crop offers the 
only opportunity for employment. This, coupled with the tropical 

nature of the countries where cane is grown, makes the price of 
labor low. Sugar beets, on the other hand, are a crop wh ich must 
be planted every year and planted on land which is well adapted 

for other uses. The decisions of the farmers in regard to planting 

beets will be affected by the opportuni ties offered by other crops 

compared with the beet crop. Moreover, the large amount of hand 

labor required in the growing of beets makes the labor cost of 

b~ts high. This only accentuates the competitive disadvantage 
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FI •• r. 11.- SOURCES OF REFINED SUGAR CONSUMED IN 
CONTINENTAL UNITED STATES, 1921-32 
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of beet sugar due to the differences between the rates of wages 

in island cane-producing areas and those in sugar-beet areas. 

The cost of beets is such a large part of the cost of beet sugar 

that the price of beets may be the limiting factor determining 

to agreat extent the abi 1i ty of the marginal part of the industry 

to enter the market in a given year. 
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It should be pointed out here that revolutionary changes in 

the production and processing of sugarcane during this period 

were reducing costs, especially in the Philippines, and were thus 

enabling this area to increase its production at the expense of 

other parts of the American sugar system. Ie 

The increase of beet-sugar production from 1929 to 1933 seems 
tobe due to two factors, the relatively greater decline in prices 

of other agricultural products, which made it advantageous for 

farmers to raise sugar beets, and the fact that the tariff of 

1930 was instrumental in decreasing the imports of Cuban cane 

sugar. It is also possible that because of technological improve

ments the manufacturing costs had decreased so that by 1929-33 

beet sugar had a competitive advantage, possibly not previously 

enjoyed, with respect to average costs of Louisianian, Hawaiian, 

Puerto Rican, and Cuban cane sugar when the duty on Cuban cane 

is taken into consideration. 17 

In summary, it may be stated that the spread which was main

tained between the world price and the domestic price of sugar, 

coupled with the preference given to the Cuban cane sugar, brought 

about the growth of the sngar industry in the protected areas 

and in Cuba to the poiDt at which practically all other foreign 

competitors were excluded fromthe American market. The propor

tions of the market which were apportioned to different parts 

of the American sugar system were determined by the adjustments 

of the margin of cultivation and utilization of resources in the 

various areas to the higher American price. By 1914 as a result 

Of competitive forces within this system the beet-sugar industry 

was sllpplying 18 percent of the market. but since then there have 

been marked fluctuations in the proportion of the market supplied 

by beet sugar. The peculiar and changing nature of the competi

tive conditions existing after the war accounts for the fluctua

tions which took place in the utilization of the resources in 

the American sugar system at that time. With an overexpansion 

of the world's sugar resources, as well as of those supplying 

the American market, competition for the American market became 

severe. Associated with this is the peculiar phenomenon present 

in the international sugar system of a renewed nationalism on a 

world-wide scale in which sugar production is often stimulated 

16JOhn E. Dalton. Sugaf', A Case Study of Gove1'7tllent Contf'O~ (New York: The 
Macmillan Co .• 1937). pp. 291-2. 
17See table 10. 
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in regions least favorable for its production and thus curtailed 

in regions with the greatest natural prcx1ucing advantages, result

ing in excessive tariffs, bounties, and import quotas. 

Fluctuations In Ih. World PtiGi IIf Sugar 

Although the presence of the tariff resulted in a reapportion

ment of the resources of the nat ion and thus in a greater em
plo~ment of labor and capital in the sugar industr~ than would 

otherwise have occurred, it nevertheless left the domestic price 

of sugar sensitive to variations in the world price. Figure 10 

illustrates the close relationship that existed between the New 

York duty-paid price of raw Cuban sugar and the London c. i. f. 

price of raw Cuban sugar. Beet sugar, however, is usually pro
duced in refined granulated form and, of course, sells at refined

sugar prices. Figure 12 reveals the close relationship that 

exists between raw-sugar prices, duty-paid, and the prices of 

c. and f. raw sugar and wholesale refined sugar, al1at New York 

for the period 1699 to 1936. As was stated above, the difference 

between the raw-sugar prices overthe period has been SUbstantially 

equal to the effective rate of duty upon the importation of for

eign sugars. 

The function and result of the tariff was to maintain a spread 

between the world price and the domestic price of sugar, but it 

did not, in any sense, result in the stabilization of either the 

world or domestic price. If the world price went down. the do

mestic price. prior to the establishment of the ~uota system in 

1934, followed the course of the world price. The result of such 

a price behavior was a tendency to curtail production both at 

home and abroad, whereas an increase in the world price raised 

the domest i.c price and tended to increase production both at home 

and in Cuba. But while the behavior in general tended to follow 

this pattern, that of anyone area might be the opposite. This 

is most marked in the period from 1929 to 1933 when the fall in 

the price of sugar was accompanied by a drastic reduction of pro

duction in Cuba anti an increase in production in the United States 

and the islands. 

The :J..uestion naturally arises: What influence did a rise or 

fall of world price have upon the relative proportions of the 

domestic consumption that were supplied by the islands, the do

mestic beet-SUgar industry, and Cuba as contrasted with the 
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influences upon those relative proportions of the spread between 

domestic and world prices? The answer to this question would 

require an examinationaf the supply (cost) curves for each area 

Figul. 12.- AVERAGE NEW YDRK SUGAR PRICES, 1899-1936 
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and an analysis of the exact amOUD ts that could be produced in 

each region atgiven prices. Transportation rates and theoppor

tunity costs in each region arising out of the possibilities of 

the alternative uses of, resources would have to be examined and 

taken into consideration. Of course these data are Dot in our 

hands. 

An alternative procedure might be a statistical examination 

of the actual proportions of the increasing domestic consumption 

that have been supplied by the various areas at different world 
prices. This would be difficult, however, because other influ

ences have not remained constant so as to pennit the measurement 

of the influence of the magnitude of world price. Tariff rates 

have been changed, and the rates of improvement in technology 

in the sugar-beet and various cane areas have not been uniform. 

Agricultural development in the United States, on the one hand, 

is highly diversified so that the opportuni ty costs of raising 

sugar beets are high, while Cuba, on the other hand, is relatively 

a one-crop country where costs are as much a resultant of prices 

as prices are of costs. 1S The agriculture of the protected 

islands, Hawaii, the Philippines, and Puerto Rico, is also less 

diversified than that of .the continent. 

The great fluctuations which have taken place in the whole 

price structure since 191~ have been accompanied by changes in the 

relative competitive positions of the different sugar-producing 

areas with the result that at times the competitive advantage 
was with one group of producers and at times with another. The 

drastic fall in the price level which took place after 1929 

supplemented the tariff structure in taking away the advantage 

which Cuba had had over the other areas since the fixed rate of 

duty of 2 cents offered a relatively greater protection for the 

industry when its nominal costs had been lowered. Receiving the 

benef~t of the American tariff, insular producers met the chal

lenge of low depression prices by increasing production wi th the 

resultant partial displacement of Cuban sugar in the American 

market during the years 1930-3'1. So long as the costs of domestic 

production were sustained by the higher price level as they were 

until 1928, Cuba and the islands tended to have a competitive 

advantage over the beet-sugar producers so that, despi te the fact 

of a rapidly increasing consumption, the beet-sugar section of 

the industry could not expand. 

18eeport to the President on Sugar (U. S. Tart!r Comm1sslon, Report No. 73, 
Second. Series, 1934), p. 21. 
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In aodi tion to thechanges in price of sugar due to the changes 

in the general price level, year-to-year fluctuations in the world 

price of sugar due to changes in world conditions of supply and 

demand tended to hring about year-ta-year shifts in competitive 
advantage which mightbe the limiting factors in determining the 
supply offered on the market by a given region in anyone year. 

The disastrous effects of these rather frequent shifts of pro

duction from one area to another, which are revealed in figure 11, 

brought about the report of the United States Tariff Commission 19 

which resulted in the quota system. 

The Duota Syatlm 

Since the enactment of the recent quota system, the price of 

sugar in the United States has been effectively divorced from 
and raised above t he world price. The Smoot-Hawley Tariff Act 

of 1930, raising the duty on Cuban sugar to 2 cents per pound, 

did not succeed in alleviating the reduced incomes of domestic 

producers and refiners becanse of the unusually drastic fall in 

world sugar prices. In 1933the United States Tariff Commission, 

after a thorough examination of the tariff system, recommended 

to the President a complete change in our governmental policy 

toward sugar. The views of the Commission were sununarized in 

a letter to the President from Robert L. 01Brien, Chairman, dated 

April ll, 1933. 

In view of the possibility of early action by our 
Government in regard to tariff bargaining, I venture 
to send you certain conclusions that have been reached 
by the Tariff Commission from our study of the sugar 
indus try. • ••• 

It is evident from our study that the duty on sugar 
cannot justly be based on a dirference between domes
tic and foreign costs of production. The situation 
in Cuba, which is the chief competing foreign country, 
is such that the higher the American tariff may be the 
lower are the costs of producing sugar in Cuba. 

Cuba must fix the price at which she sells sugar at 
a point which will enable her product to enter the 
American market. The result is that the price has gone 
down to a point which is disastrous both for American 
and for Cuban producers. Itis evident thatno increase 
of the American tariffcan relieve the resulting situ
ation in this country or in Cuba. 

For the reinstatement of the comparative prosperity 
in the domestic industry, and also to such an extent 

---
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in Cuba as may enable her a~ain to become a customer 
on a considerable scale for American exports, it is 
necessary that the price of sugar should be somewhat 
higher than has prevailed recently. 

To raise the price 1. t will be necessary to lim! t the 
supplies of sugar offered for sale in the Un! ted States. 
This cannot be done by an increase of the tariff, but 
must be done by limiting imports to this country. Such 
lim! tations should be imposed not only upon Cuba but 
likewise upon the Philippine Islands, and it might be 
extended, under the powers conferred upon the adminis_ 
tration through the Farm Relief Act, to the production 
of sugar in Hawaii, in Puerto Rico, and, if necessary. 
in the continental United States. 

Should some such quota system meet wi th the approval 
of the administration, the duty on Cuban sugar might 
be reduced on a limited importation by such amount as 
~he Governmentmight find expedient, with a view partly 
to revenue and partly to the restoration of'the purchas
ing power of Cuba. 20 

Thus the Commission pointed out that the theory of equalizing 

costs between domestic and foreign producers by means of the 

tariff was not workable for sugar since Cuba, as a one-crop 

country, must sell that crop at any price. Secondly, the Com

mission suggested that since the price of sugar could not satis

factorily be raised by the tariff, imports of sugar ioto the 

Uni ted States from the various islands and possibly domestic 

production should be limited by direct action. Finally, it was 

suggested that the Administration's sugar policy be devoted to 

a satisfactory solution of the problems prevailing in the United 

States sugar system as a whole through a more direct government 

control than had hitherto been exercised. 

The President incorporated the Commission's suggestion of lim

ited marketing in his sugar message to Congress in February 1934, 

following which the sugar act, known as the Jones-Costigan Act, 

W'aS passed as an amendment to the Agricultural Adjustment Act of 

1933 and approved May 9, 1934. By the terms of this sugar act, 

sugar beets and sugarcane were made basic agricultural commodi

ties, and the estimated United States consumption of sugar was to 

be allotted among the domestic producers of beet sugar and cane 

sugar, the insular producers, and Cuba. Congress, in the act, 

set the quota of domestic beet sugar at 1 ,Sso,ooo short tons, 

alld of continental cane sugar at 260,000 short tons. The remain

der of the Uoi ted States consumption was to be allotted to the 
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island producers and Cuba by the Secretary of Agriculture, the 

basis of the allotment in each instance to be determined by the 

actual production in any 3 representative Years between 1925 

and 1933, as the Secretary in his judgment should choose. The 

Secretary was empowered to enforce the quotas fOf the various 

areas by the issuance of Federal licenses to processors, refiners. 

importers, and wholesalers. To further strengthen the enforce
ment of the marketing quotas, the Secretary was to enter into 

contracts with beet-sugar and cane-sugar producers for the re

striction of acreage in consideration of benefit payments by 

the Government. In January 1936 the Supreme Court decision I 

testing the validity of the Agricultural Adjustment Act, held 

the restriction of production through benefit-payment contracts 

unconstitutional. However, the Supreme Court did nut pass upon 
the constitutionality of the marketing quotas of the various 

areas. On June 19. 1936, the President approved the Jones

O'Mahoney Sugar Resolution which provided that the quotas which 

had been decided upon by the Secretary of Agriculture for the 

various insular areas and Cuba, coupled wi th the congressional 

quotas for the various areas, should be extended through the 

year 1937. By this resolution Congress attempted to guard the 

constitutionality of the sugar quotas until new legislatio~ could 

be enacted. 

The regulation of the marketing of sugar through quotas has 

completely divorced the price of sugar in the United States 

from the world price. The quotas for 193~ were not established 

until after the acreage for the crop year 1933-34 had been har

vested. Hence, the production in many areas was in excess of 

the 193~ quotas as established by Congress and the Secretary of 

Agriculture. These surpluses were withheld fromthe market .. and 

the quota for the various areas in 1935 was reduced in proportion 

to the 1934 excess; thus the excessive supplies of the 1933-3~ 

campaign which would have normally come onto the market in 1934 

were prevented from entering the channels of distribution and 

were stored for consumption in 1935. 21 The revised quotas for 

the various areas for the years 1934 to 1936 are shown in table 

12. As long as the surpluses of 193~ were hanging over the 

market, the prices remained depressed. 

In fact, the price of sugar in February 1935, after 
the close of the first quota year, was 2.80 cents per 

---
21n8.lton, op. cit .• D. 127. 
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pourd, only slightly hlgher than the extreme low of 
1.932. When it became apparent to the trade in t.he 
summer of 1935 that effective readjustment of produc
tion had taken place in the Philippine Islands and 
Puerto Rico, and that the then existing drought would 
reduce the beet crop, the price of sugar rose until 
it reached the high level for the year of over 3.80 
cents per pound. 22 

In tne year 1936 the average price of raw Cuban sugar was 3.595 

cent s per pound duty-paid in New York. At the same period the 

world price of raw- sugar was approximately 1 cent. The Cuban 

rate of duty was $0.009. Th1ls the American price during 1936 

was d cents above the world price plus the Cuban rate of duty. 

Tlbl. 12.- SUGAR-MARKETING OUDTAS, 1934-36" 

(Thou.and. oj .hart tORI, raw valul) 

Area 1934 1935 1936 

Total 6,476 6,359 6,813 

U:llited States beet 1,556 1.550 1.342b 

U:ni ted States cane 261 260 392 

ell ba 1,866 1.B23 2,103 
Pbilip-pines 1,005 982 1.001 

Hawaii 94B 926 1,033 
Puerto Rico B07 7BB 909 
Virgin Islands 5 5 4 

Other, foreign 26 25 29 

aAdSl)tedtI"omFarr &. Co., NanootofSugaf'" C01R.(nnies, 1937 (15th ed.: New York: 
Farr & Co .• 1937), p. 111. Quotas are tlnal revIsed ones. Revis10ns have 
been rrade at Intervals throughout each year to take care of consumpt1on re
QuIrements greater than estImated at the beginnIng at the year and to transfer 
to ot.her areas the port.Ions at the orIginal allotments which certaIn areas 
have relillQulshed because ot Inability to tIll them. 

bA11hOUgh the Government circulars retained the Q.uota for U. S. beet sugar 
as 1.550.000 tons, fIxed by law, the tlgure shown represents the net amount 
attEt dedllcting the defIciency of 207,821 tons. whIch was reallocated. 

rhe quota system has had a stabilizing effect upon production 

by removing the effects of the interplay of the competi ti ve 

forces which determine from year to year the relative competitive 

advantages in the American market of the different groups of 

producers. During the period of steadily increasing production 

be10re the war, with its comparative stability in the price of 

sugar and its lack of sudden changes, changes in the quantities 

22.Ibi(j., PD. 141-2. 
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of sugar produced took place slowly in all the areas, and all 

increased production together. The overexpansion of productive 
capacities during and after the war shattered this comparative 
stability of development and brought about a condition in which 
an expansion in one area due to a temporary shifting in competi

tive advantage was accompanied by a reduction in production in 
some of the other areas. Under the quota system the price of 

sugar in the United States is divorced from the world price and 

hence from the fluctuations in supply which are caused by changes 

in that price. To the extent that the quotas are adjusted to 

a steadily increasing demand for sugar the supply and price should 

be less SUbject to year-ta-year fluctuations, and this should 

be reflected in more stable employment conditions in the beet
sugar industry. 

A.rl~ultur.l ConditioDs 

An important limiting factor in determining the amount of beet 

sugar that will be produced in this country at any given price 

is the quantities of beets that factory managements can induce 

the individual grower-farmers to raise each year. Figure 1, 

chapter I, presents a comparison of the yearly series of acre

age harvested, beets sliced, and sugar produced. The relation

ship between production and acreage is evident at once. The 

differences in the percentage fluctuations of acreage harvested 

and beets sliced are explained by changes in yields of sugar 

beets per acre due to weather, disease, and pest conditions, 

and by differences between the tonnage of beets harvested and 

the tonnage of beets sliced due to evaporation, shrinkage, or 

wastage. Differences between slicing and production are largelY 

due to yearly changes in sugar content and improved factory 

extraction of sugar. 

Since the mechanical eq,uipment of the beet-sugar factory is 

highly specialized for the processing of sugar beets, the factory 

cannot be operated for any purpose other than the production of 

beet sugar. Factory manage-ment is therefore anxious to secure 

a large production over which to distribute overhead costs. On 

the other hand, much of the equipment which the farmer uses for 

\ raising sugar beets can be used to grow other crops, and capi tal 

investment in specialized equipment in this part of the industry 

is relatively small. However, two of the most important consid

erations in determining the supply of sugar beets are the limited 
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amount ot land available for profitable sugar-beet culture in 

this country and the competition of other crops for that land. 

Sugar beets are raised in a strip of land across the country, 
200 miles wide, wi thiD which the mean temperature for the growing 

season isabont 70° F., but some of this land is themost fertile 

land in the country and is devoted to many other crops. Indeed, 

the competition of other. crops has been one of the chief influ
ences bearing upon the establishment of the industry in the range 

States of the West where the competition of other crops nas not 

been so keen. The industry has also been built up in the central 

dairy States, chiefly in Michigan, but that area does not have 

the natural growing advantages of controlled moisture and ideal 
temperature that the western States have, and the competition 

of other crops has been so severe that a substantial reduction 

in the acreage harvested has come about since the war. 23 Sugar 

beets have a further serious disadvantage in competition wi th 

other crops because of the large amount of labor required in 

thei r cuI ture. 

In view of what has been stated above it is apparent that the 

production of sugar beets land hence beet sugarl is dependent 

upon fluctuations of sugar-beet prices as compared wi th the costs 

involved in and the fluctuations of returns from the production 

of alternative fann p:-oducts. The price of beets is the price 

received by the fanners for the beets delivered to the factory 

and is calculated on the basis of sliding scales in the contract 

between farmer and factory as explained in chapter r. It was 

there shown how the Sliding scales in the contracts are dependent 

upon the wholesale price of refined sugar. The relationship 

between refined-sugar prices and sugar-beet prices is shown in 

figure 13. An index of prices of all farm products and an index 

of acre~ge of sugar beets harvested in this country since 1899 

are also shown on the chart. 

Inasmuch as the protection provided the industry did not change 

between 1899 and 1914, and inasmuch as the world price of sugar 

exhibited no trend during this period, the fourfold increase in 

acreage between the years 1899 and 1914- must be explained by 

the "artificial II maintenance of a favorable price. To the price 

factor was added a more rapid progress made in production tech

nique in this area tha~ }ll.,c?~etin2. cane-sugar areas. That the 

23Ell1s I otJ. cit. I p. 82. 
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Plgo.o 13.- INDEXES DP WHDLESALE PRICES DP ALL PARM PRDDUCTS, 
REPINED SUGAR, AND SUBAR BEETS, AND DP SUBAR-BEET 
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growth of the industry was gradual and steady during this period 
must be attributed to one or both of the following factors, the 
slowness of labor and capi tal in shift ing into a new area of 

economic activity and the time needed for the experimentation 

required both in the culture of beets and in the deve10pment of 
the manufacturing organization and technology. 

ALternative Crops.- A mOTe important analysis from the stand
point of the present employment opportunities in the beet-sugar 
industry revolves around the quest ion of why the rate of expansion 

of the industry declined after 191Q. In view of the behavior 

of the acreage series from 191Q-32, as shown in figure 13, theo

retical considerations justify the assumption that the expansion 

of the beet-sugar industry in the United States had been pushed 
to the maximum point justified by the spread between domestic 

and world prices and by the existing state of technology and 

the relative prices and production costs of alternative crops. 

I~ other words, the returns to the marginal producers have been 

sJnce 1919 only sufficient to justify their operations without 

fUrther expansion. As has been emphasized above, this present 

scale of operations would necessarily be reduced if governmental 
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protect ion were removed or if there were a decided rise in the 

prices of other farm products relative to the price of sugar 

beets. 

It was pointed Ollt in chapter I that many of the sugar-beet 

growers were so dependent economically upon the sugar companies 

that they were not free to abandon the growing of beets, even 

if other crops appeared to be more profitable. It might seem 

from this that prices of agricultural products would have little 

effect upon the supply of sugar beets. That thereexists a margin 

of really independent farmers who will take advantage of changes 

in relative prices to increase or diminish their acreage of sugar 

beets, according to what seems to them the more profitable enter

prise, seems evident from the effect of prices upon the supply 

of beets. It is the action of these farmers which determines 

the total supply available to the sugar companies. In this 

connection, it should be noticed that sugar-beet acreage leveled 

off when the prices of farm commodi ties rose faster than the prices 

of sugar beets at the beginning of the war, but when sugar-beet 

prices caught up toward the end of the war, acreage again in

creased. When sugar-beet prices rose more rapidly than those 

of other farm products in 1922 and 1923. sugar-beet acreage again 

increased. The reverse situation is' noticed in 1925. All agri

cultural prices fell during the great depression, but, whereas 

the prices of other agricultural commodities fell to drastically 

low levels, the tariff on sugar provided irreducible minimum 

prices for sugar and sugar beets with the result that the fall 

in the price of sugar beets was much less drastic than the fall 

of other agricultural prices and that sugar-beet acreage in 1933 

rose to the highest point in the history of the industry. It 

exceeded by over 200 thousand the 76,+ thousand acres harvested 

in 1932. 

Natura! and Other Conditions AffeetinE Su~~ly of s •• ts.- The 

movements of the various series in figure 13 indicate that price 

considerations are not the only factors determining the acreage 

of sugar beets harvested in this country. This is indeed true. 

The movements in the acreage harvested in the various regions 

in which the industry is localized show widely varying fluctua
tions over the period and do not necessarily follow the fluctua

t ions in total acreage in all of the years. This is explainable 

upon two grounds: The economic development of various regions 

has not permitted uniform and proportional expansion of the 
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beet-sugar industry in the various areas, and local agricultural 
conditions such as moisture, disease, and pest conditions strongly 

influence the acreage harvested in the local areas. It was 

shown in chapter I that the relatively unfavorable agricultural 

eoodi tions in the Michigan area as compared wi th the agricultural
J 

conditions in the West, coupled with the severe competition of 

other crops, has resulted in a decrease in acreage in that area 
since the war. The drought in 1934 and 1935 was responsible 

for a considerable reduction in acreage during those years. In 

California, sugar-beet production declined after 1921 because 

of severe sugar-beet diseases, competition of other crops, and 

the development of oil fields and suburban-residence properties 

in sugar-beet areas. 24 IHth the extension of sugar-beet culture 

into new and fertile California lands in 1929, however, produc

tion has since increased in that region. 25 Lastly, personal 

relationships also have had an important bearing upon the number 

of acres harvested. It is essential that the companies maintain 

satisfacton' business relations wi th the farmers wi th whom they 

deal, or the acreages which farmers will be willing to plant will 

not be at a maximum. It is difficult during the period of the 

campaign to prevent disagreements that arise over the weight of 

beets, the physical condition of beets, the sugar.content, the 

time of delivery, etc. A word should also be said concerning 

the influence upon acreage harvested of hauling by truck. In 

former years, when beets were hauled by horse and wagon, average 

hauls of longer than 5 miles were not feasible, but the intro

duction of trucks for hauling in all areas has now made possible 

hauls of 30 miles. 26 The increase in acreage in California, noted 

above, is partly attributable to the introduction of trucks for 

hauling. 

SUI+IARY 

Since the plan of this study has been to isolate the factors 

affecting the volume of employment in the beet-sugar industry, 

24LOrlng K. Hacy aM Others, Changes in technology and Labor Requireaents in 
Cf""OP Production: Sugar Beets (Works Progress Admlnistrat1on. National Re
search ProJect. Report No. A-1. Aug. 1937). p. B. 
25The destruct10n wrought by d1seases and plant pests has been the cause anCl 
stimulus for unrem1tting emphasiS upon the search tor efrectlve methods In 
c1mbating these nuisances. And, In view of the serIous problems to be solved 
I this respect, it is reasonable to assume that there will be a contInuatIon 
o the Improvements whIch have been made In the development of dlsease- and 
insect-resIstant varIet1es or sugar beets. Increased sugar content and 
greater quantItIes or beets may, of course, be the accompanIments or these 
new s tra Ins. 
26 . Hacyand Others. op. ot., p. B. 
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it has been emphasized that volume of employment is dependent 

upon volume of production and labor requirements per unit of out

put. An analysis of the demand for employment in the beet-sugar 

industry, therefore, required first an analysis of the factors 

affecting the trend and fluctuations in production in the industry. 

A comparison of an index of beet-sugar production with the 
Federal Reserve adjusted index of manufactures revealed that 

beet-sugar production does not follow the general cyclical swings 
of manufacturing production. The failure of activi ty in the 

beet-sugar industry to respond to general cyclical swings is 

explained by the agricultural nature of the industry on the one 
hand and by the competitive conditions existing under governmental 

protection on the other. 

The relatively low costs of producing sugar in cane-sugar

producing islands, the high labor costs in growing sugar beets, 

and the opportunities existing in the United States for alter

na t i ve prof i table uses of land for the rais ing of many staple 

ag ricH 1 t ural commodities nec essi tated governmental protect ion 

for the industry if it was public policy to develop the industry 

to present levels of production. 

The industry has received the benefit of a tariff since 189~ 

and of governmental quotas since 1934 with the result that more 

land and capital have been devoted to the beet-sugar industry 

in this country than would have been devoted to it in the absence 

of governmental protect ion. The net result of the tariff has 

been to adjust the cost margins in tlte various sugar-producing 

areas in the Uni ted States sugar system so that 15-23 percent 

of the total annual quantity of sugar consumed in the United 

States was furnished by the domestic beet-sugar industry from 

1913 to 1932. Under the influence of governmental protection 

the ma.nufacturers of sugar have received higher prices for their 

product, which in turn have been partly passed on by the sugar 

processors to the sugar-beet growers. 

It has been pointed out that protection increased the spread 

between the world price of sugar and the price to the United 

States consumers, while leaving the price of sugar in the United 

States sensitive to changes in the world price and domestic 

production therefore sensitive to the effects of changes in the 

world condi tions of supply and demand. Wi th the expansion of 

production facilities for both cane sugar and beet sugar which 
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took place dnring and after the war in all areas, competitive 

condi tions existing between cane sugar prod1lced in the insular 
possessions and Cuba and domestic beet sugar resulted in a level

ing off of the upward trend in beet-sugar production and also 

subjected it to temporary fluctuations. 

Finally. the quota system allotted to the beet-sugar industry 

a quota of 1.556 thousands of short tons (raw value) in 193,,", 

which is larger than the domestic production in any year except 
1933-3'1, and which was e~ual to 2'1 percent of the total of all 

fluotas. It has also established a certain degree of stahi lization 

in product ion of heet sugar by removing some of the factors making 

for instability. 

An important limiting factor in the production of beet sugar 

has been the supply of sugar beets that the processors have been 

able to induce beet growers to raise. While, in the long run, 

the total snpply of SlJgar beets produced is dependent upon the 

relative price of sugar beets and other farm products, year-to

year fllJctuatinr.s are also the res1l1t of natural conditions, 

sllch as drought and plant diseases. 

The extent of the prod1Jction of heet sugar, although an impor

tant factor in explaining the fll]ctllations of emplo~nlent in the 

beet-sugar industry, must be supplemented by an examination of 

changing labor requirements per unit of output since fluctuations 

of employment are also due to the efficiency of labor utilization 

in the industry. The analysis of the latter factor is made in 

chapter IV. 



CHAPTER IV 

CHANGING UNIT LABOR REQUIREMENTS AS A FACTOR 
AFFECTING THE VOLUME OF EMPLOYMENT 

THE PROBLEM or ANALYSIS 

An examination of the curves of employment and production has 

made clear that increasing production in the beet-sugar industry 

has been accompanied by decreasing unit labor requirements. In 

this chapter an attempt will be made to measure .the changes which 

have taken place in productivi ty by measuring the changes in the 

man-hours of labor required to produce 100 pounds of sugar or 

the man-hours required to produce the sugar manufactured from 

a ton of sliced beets. The measurement of labor requirements 

in the factories has been made possible by a field survey of 

plants in three regions in the United States which produce beet 

sugar. 

Not only is it possible to present a picture of fluctuations 

in labor requirements for the factories from year to year and 

the changes taking place over a period of years, but it is also 

possible to investigate some of the factors which enter into 

these changes. An industry may reduce its demand for labor by 

transferring a larger proportion of its production to the more 

efficient plants without any marked change in efficiency in any 

one plant. At the same time the inefficient plants may close 

their doors. Thus, without any technological changes in any 

plants the requirements for labor may be reduced. The type of 

Changes described above would tend to bring about displacement 

of labor in certain plants, with an increase in other plants. 

Ordinarily, the increase would be smaller than the displacement 

and might be in a different locality so that while thedi5plaee

ment would be numerically offset to some extent, in reality there 

would be no absorption since the increase would take place in a 
. different locality, 

A decrease in labor requirements per unit of output may be 

brought about by the building of new and more efficient plants and 

either (al increaSing the total production or (b) producing with 

the result of lowering the production of other plants or (e I a 

combination of these two results. In the second case there would 

72 
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naturally be some tendency toward displacement of labor. Or, 

technological improvements may take place in the existing plants 
and thus bring about a general reduction in labor-requirement 

ratios. If. this is accompanied by increased production, there 

may be no displacement of labor, but a certain stability in the 
demand for labor may accompany the general technological improve

ment in the industry. 

In order to understand further the effects of technological 

changes upon the demand for labor it becomes necessary todeter

mine which of these movements accompanies the downward trends 

in the average labor-requirement ratio for the beet-sugar fac

tories and also to relate the changes in man-hour ratios to the 

changes in technology which are known to have taken place. 

As has been pointed out, there are in addition natural causes 

associated with conditions of weather, agricultural pests, and 

the like which may cause certain f.actories toclose down for one 

or more campaigns because of lack of raw materials. This will 

have its effect u-pon the average labor-requirement ratios and 

the demand 'for labor in the region of those factories. An exam

ination of the idle plants will throw light on the"e causes and 

their effects. Migration of the industry may result from a com

bination of natural causes and other changing conditions, among 

which are the relative shifts in agricultural prices and in the 

supply of lab0r for the beet fieldS, which have been previously 

mentioned. This in turn may bring about changes in the labor 

requirements as well as a shift in the demand for labor from one 

section of the country to another. 

Some of these changes may be accompanied by a more stable demand 

for labor, while others may be factors making for greater irregu

larity in demand. A migration from un irrigated areas to irrigated 

might be expected to be reflected in less irregularity due to 

the factor of rain. In some regions a longer campaign might 

be possible than in others. The results of the NRP-NBER field 

survey throw some light on all of these questions. In what 

way and how, when, and where, do changing technology and chang ing 

labor require-ments affect the demand for labor in the beet-sugar 

indllstry? What are the factors tending to bring about these 

c1anges, and throu~h what channels do they work themselves out? 

These are the questions which should be answ-ered in this chapter. 

The field survey of plants is the first step toward answering' 

these questions; the measurement of the labor requirements per 
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unit of output for the plants, for the different regions, and 

for the industry over a period of time is the second step; the 

analysis of the fluctuations in these ratios andof the correla

tion of changes in order t6 isolate the factors making for change 

is the third step. 

RELATIONSHIP OF THE SAMPLE TO THE INDUSTRY AS A WHOLE 

An analysis has been made of the number of plants which are 

included in the field survey and of their production, in an effort 

to determine the extent to which they represent the industry. 

Table 13 summarizes the results of this analysis. 1 The sample 

included at least 47 percent of the plants reported by the census 

from 1918 through 1935, rising to approximately 77 percent in 

2 of these years. The coverage of production was higher, fluctu

at ing between 58 percent and 79 percent. From this it is evident 

that the average yearly production for the plants in the sample 

tended to be larger than the average for the United States. This 

is more marked in the earlier years than in the years after 1922, 

when there is less difference between the two averages. In 1928 

the average of beets sliced per plant was only 2.4 percent higher 

in the sample than in the universe, and sugar produced was only 

1.6 percent higher. 2 

Since age as well as size of plants may show some degree of 

correlation with labor requirements, an examination of the sample 

was made to see to what extent it was representative of the in

dustry in this respect. There were '100 plants reported by the 

United States Beet Sugar Association as in existence in 193q.-35, 

78 of wh ie h were inc luded in the fie 1d survey. With the except ion 

of the 11 factories which had been bllilt during 1910-lL~, of 

which there were only 6 in the survey, every age group has a 

coverage of two-thirds or more in the sample. 3 

Region II, which is the western irrigated area, is the largest 

producing district and is the district in which our coverage is 

most complete. In this district the sample includes not fewer 

than 61 percent of the plants and the percent included runs as 

high as 80 in 1931. Again the proportion of the total production 

l ror more detailed analysIs see tables 8-1 to 8-5. 
2See table 8-4. 

3 see table 8-5. 



Tabl_ 13.- SUMMARY DP ANALYSIS DP SAMPLE DP BEET-SUOAR PACTORIES' 

Number 0 f factori es Production of granulated sugar 

Short tons (thousands l 
Year Sample as Sample as 

Sample Universe percent of percent of 
universe Sample Uni ve rse universe 

1918 40 85 47.1 419 719 58.2 
1920 44 92 47.8 618 1. 023 60.2 
1922 42 84 50.0 437 749 58.3 
1924 52 89 58.4 680 1.076 63.2 
1926 56 79 70.9 707 893 79.1 

1928 63 82 76.8 834 1.088 78.1 
1931 48 87 G8.7 825 1.158 71.4 
1933 58 84 89.0 1.253 1.826 77.1 
1935 59 77 78.6 887 1.178 75.3 

aBased on tables B-1 and 8-4. 
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included in the sample is greater than the proportion of the 

plants included.' 

In region III, the eastern one, which is second in importance 
as a prod ue iog area, the coverage on a plan t bas is flue tua tes 

between approxim~tely 26 percent in 1920 and 81+ percent in 1928. 

In this region also, the percentage of the production included 

in the fie Id 5 tudy is the same as, or greater than, the percen tage 

of the plants included. 

In region I, which is the State of California, is produced not 

over 18percent of the beet sugar made in the United States. Our 

coverage in this relatively unimportant region is less satisfac

tory than the percentages of plants and production included indi

cate, for the reason that there were in the entire period no 

more than 10 plants reported by the census and for 5 of the 9 

years there were 6 plants or less. One plant operating in this 

district and included in the sample in 1926, for instance, repre

sents 20 percent of the operat ing plants and 18 percent of the 

production. Not until 1933, when three of the six plants in 

the State are included in the sample, can it be said that we 

have a meaningful sample of the operations in this district. 

In figure 14- and table B-6 a comparison is made of the fluctua

tions in production, in the universe with fluctuations in the 

sample as represented by a chained index of production based 

on comparison between iden tical plan ts for pa i red years. I t wi 11 

be noticed that the sample reflects not only the general upward 

trend of the total production in the United States from 1918 to 

1935 bnt also, to a marked degree, the year-to-year fluctuations 

from this trend. The three exceptions are the years 1926, 1932, 

and 1935 in which the sample and the universe move in opposite 

directions. These differences are probably due to changes in 

production which resulted from changes in the number of plants 

ope rat ing. Between 19.2~ and 1926 there was a decrease in the 

number of plants in thewestern region as reported by the census ,5 

afld in 1932 there was an increase in the number of plants operat

ing in the eastern region. 6 Because of the manner of its con

struction the chained index of production fails to reflect changes 

in production due to plants coming in or going out. This is 

unfortunate since an error once introduced imparts a bias to the 

4See table 3-1. 

5See table B-1. 

6 See table B-17. 
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Flgur. 14.- TOTAL BEETS SLICED, AND INDEX OF BEETS SLICED BY 
SAMPLE FACTORIES, 1918-35 

(R.tto le.h) 
INDEX 
1923:100 
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Based on tab Ie B-6 WPA- National Rflsearch Projflct 

tI-H 

index. Thus, compared with previous years, the index numbers 

for 1932-35 are too low. 

The figures for production on which this index is based, com

bined with comparable man-hour figures, furnish the data for 

measuring the fluctuations in the average labor-requirement ratio 

for the industry over the period of years from 1916 to 1935. As 

far as the reSUlting chained index of man-hour ratios is con

cerned, it is unaffected by the bias in the production index 

since a corresponding bias would be present in the man-hours 

index, but it may be affected by plants coming in and going out 

of the sample to the extent that these plants differ 10 efficiency 

from the average. The relatively large size of the sample and 

its representative character with respect to size and age of 

plants and with respect to fluctuations in production make it 

highly probable that the sample reflects, with a fair degree of 

accuracy, the behavior of the industry in the United States. 
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Care must be taken, however, to make allowance for bias which 

may enter because of shifts in regional distribution not charac

teristic of the universe, differences in the average size of 

plants, and other differences which seem to be apparent in the 

years since 1932. 

STATISTICAL PROBLEMS OF MEASUREMENT 

Ch~nges in the efficiency of labor 

evidenced by 

the quantity 

changes in the relation 

utilization in a plant are 
of the volume of output to 

of labor employed in its production. This relation 

may be expressed either in terms of the output per man-hour or, 

inversely, in terms of the man-hours per uni t of output, whichever 

is most 3p?ro'1riate for a particular purpose. For the purposes 

of this study the latter method has been selected, and all com

parisons between the labor employed and the output are in terms 

of man -hou r ra t ios i nd ica t ing t he number of hours of labor re

quired per unit of output. 

tabor Raquirlmlnla pI' IOO-Pound Bag of Su;., 
and Jur Ton af B •• II Slic.d. 

In the beet-sugar industry the unit of finished product is the 

loo-pound bag of s1lgar, bu t the scale and magni tude of operations 

l1ay :tlso be represented by the quanti ty of rawmaterials consumed, 

that i:~, by the tons of beets sliced. Indeed, for some purposes 

the ratio "man-hours per ton of beets sliced!! is more illuminating 

tha~ the ratio IIman-hours per 100 pounds of sugar produced. 1I 

This is true because the quantity of sugar produced is partl; 

influenced by tht' sugar content of the beets processed, with the 

result th<lt the labor actually expended in a plant bears a closer 

relationship to the quantity of beets sliced than to the tonnage 

of sugar produced by that plant. By using the ratio Bman-hours 

per ton of beets sliced ll in conjunction with the ratio Bman-hours 

per 100 pounJs of sugar produced" we are able to isolate those 

changes in productivity that are due entirely to fluctuations 

in the sURJr contpnt of beets. 

'Neigh ted mean :"'iin-hours per, ton of beets sliced and per bag of 

sug.'tr TJrodlJCed for 31 identical plants are shown on figure 15 and 

table 14, and forall reporting pLants on figure 16 and table 15. 
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Tobl. 14.- CAMPAIGN MAN·HOUR RATIOS AND PERCENTABE OF 
SUGAR CONTENT AND YIELD, 31 IDENTICAL FACTORIES 

1917-35 

Number Man-hours per - Percent 

of Ton of lOO-pound Year factories Sugar Sugar beets 

79 

bag of sugar 
operating sliced a produced content b yi eld C 

I~) 121 131 (41 (51 

1917 30 2.78 1.02 ~6.3 ~3.6 

1918 30 3.11 1.09 16.2 14.2 
1919 29 2.76 1.13 14.5 ~2.2 

1920 31 2.6~ 0.93 ~6.0 14.~ 

192~ 30 2.10 0.73 15.8 ~4.3 

1922 29 2.08 0.76 15.4 13.6 
1923 31 2.05 0.76 15.3 13.5 
1924 30 1. 95 0.64 17.2 15.3 
1925 30 2.00 0.74 14.9 13.4 

1926 26 1. 70 0.63 14.9 13.5 
1927 29 1.65 0.57 16.1 14.6 
1928 30 1.62 0.51 16.7 15.9 
1929 30 1.55 0.55 15.6 14.2 
1930 29 1.40 0.51 15.2 13.6 

1931 26' 1.35 0.45 16.2 15.0 
1932 29 1.46 0.47 16.4 15.5 
1933 30 1.31 0.43 16.6 15.3 
1934 26 1. 42 0.45 17.0 15.7 
1935 29 1. 35 0.44 16.5 15.5 

aTable B-l0, col. (6). 

°Table A.-i2, col. (2). figures are tor entIre Industry. 

cTons Of sugar produced as a percentage or tons of beets sliced. 

It will be noticed that the year-to-year fluctuations in man

hours per ton of beets sliced are considerably different from 

the fluctuations of man-hours per bag of sugar produced. The 

numerators of the two labor-requirement ratios shown on figure 15 

are the same series of man-hours. Hence, f luc t ua t ions between 

the two series are explained by differences in the denominators, 

bags of sugar and tODS of beets. The differences between the 

relative fluctuations in these two ratios are due to a changing 

amount of sugar within the beets, and a changing percentage of 

the sugar within the beets Which is actually obtained as a final 

product. 
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T •• I. 15.- CAMPAlaN MAN-HOUR RATIOS AND PERCENTABE OP SUSAR 
CONTENT AND YIELD, ALL REPORTINB PACTORIES 

1916-35 

Number t'fan-hours per - Percent 

of Ton of lOO-pound Year factories bag of sugar Sugar Sugar 
operating a 

beets 
contentb yield C 

sliced& produced 

(1) (2) (3) 14 ) (5) 

1916 20 2.81 0.90 18.3 12.1 
1917 42 2.86 1.06 18.3 13.4 
1918 41 3.07 1.11 16.2 13.7 
191. 39 2.86 1.18 14.5 12.1 
1920 44 2.86 0.96 16.0 13.9 

1921 47 2.22 0.80 15.8 13.9 
1922 42 2.18 0.81 15.4 13.5 
1923 47 2.16 0.81 15.3 13.3 
1924 52 2.14 0.70 1'7.2 15.3 
1925 57 2.20 0.85 14.9 12.9 

1926 57 1. 97 0.75 14.9 13.1 
1927 81 1.82 0.64 16.1 14.3 
1928 64 1. 76 0.58 16.7 15.3 
1929 53 1. 62 0.58 15.8 14.0 
1930 54 1. 48 0.55 15.2 13.3 

1931 48 1. 37 0.47 18.2 14.7 
1932 50 1. 48 0.49 18.4 15.0 
1933 58 1.48 0.49 18.8 15. 1 
1934 58 1. 59 0.52 17.0 15.3 
1935 59 1. 52 0.50 18.5 15.1 

aTable B-9. The number or operating factor1es and tbe campa1gn man-hours 
per ton at beets sliced are: For 1912. 6 and 3.96; for H1l3. 7 and 3.36; 
tor 1914,? and 3.21; &ndtorHH5. 7and3.10. (NRP-NBE:R field-survey data.) 
bTaOle A-H~. col. (2). Figures are for entire indUstry. 

Crans or sugar produced as a Percentage or tons or beets sliced. 

The average sugar content of sugar-beet crops in the United 
States has been placed On the charts to aid in the interpreta

tion of the differences in fluctuations between the two labor

requirement series. A high sugar content results in a greater 

production of sugar relative to a given tonnage of beets and 

a given labor expenditure. Hence, man-hours per bag of sugar 

produced varies relative to man-hours per ton of beets sliced 

inversely to the movements of· sugar content. Not all differences 

in the percentage fluctuations of the two labor-requirement se
ries, however, are accOUnted for by an inverse percentage change 
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of sugar content.? If bags of sugar are expressed in tons, and 

if these figures are expressed as ratios to tons of bee t5 sliced, 

the result will be the percentage of the weight of the beets 

sliced obtained as the final product, sugar. This yield of sugar 

per ton of beets sliced has been plotted along with sugar COD

tent on the chart. The difference between the sugar content and 

yield represents the amount of the sugar available in the beets 
that was lost or rather not secured as a- final product. Th is 

difference between the sugar content and the yield of sugar per 
ton, it must be remembered, is a percentage based upon the total 

weight of the beets. 

There are several reasons for the changing amounts of the sugar 

available that are actually extracted from year to year, among 

them being the physical and chemical conditions of the beets. 

Unusually tough and fibrous beets are harder to slice and treat 

than other beets. Furthemore, if the solid matter dissolved 

in the juices of the beets ischiefly sugar, extraction is rela

tively simple, but if large quantities of mineral saltsandother 

foreign substances also are present in the beet juices, extraction 

presents many difficulties. Other factors of importance in the 

explanation of efficiency of extraction are the mechanical effi

ciency of the plant and the skill of the labor employed. Modern 

plants employing efficient labor are able to prevent wastage of 

sugar that in less efficient plants occurs in many places through

out the operations. One of the chief duties of the chemist in 

a beet-sugar factory is to control the handling of the beet-sugar 

juices in such a manner as to prevent, as much as possible, 

inversion of sucrose to noncrystallizable sugars. Most important 

of all in this respect is the influence of the Steffens process 

(described in chapter I) as a factor tending to secure an in

creased amount of the sugar available in the beets. 6 Among these 

factors making for the extraction of a higher percentage of sugar 

the use of the Steffens operation alone increases the labor 

requirements per loa-pound bag of sugar, this of course being jus

tified by reduction in other costs, especially the reduction in 

the cost of beets per loo-pound bag of sugar. When the Steffens 

process is used, centrifugal molasses is further treated in order 

to obtain an additional yield of sugar, and thus more of the 

?The sugar-content series Is taken tram the Yea.,-book of Agricult'U'T"e and repre
~ents the average sugar content of all beets produced in the Un1ted States. 
Thus we are comparing labor-requirement ratios based upon beets sliced and 
sugar prodUced trom 31 NRP-NBER sample plants w1th sugar content for the 
universe, and some error may be introduced on this account. 
8See append Ix D. 
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available sugar in the sugar-beet crop of the country will be 

secured in proportion to the extent of total Steffens ope rat ions. 

It should be remembered that even though a given plant does not 

have a Steffens operation, the molasses of that plant may be 

worked in the Steffens house of another factory. 

The yield of sugar per ton of beets sliced, as shown on figures 

IS and 16 J approaches the available sugar content more closely 

in later years than in the earlier years. This is because of 

a number of factors among which are increasing use of the Steffens 

operations in the industry and improvements and refinements of 

the processes coming about in part through their more scient ific 

regulation by means of electrical control mechanisms , which reduce 

the amount of waste, and possibly through a better condition 

of the beets. Although the trend has been upward in respect to 

the percentage of the sugar content which is recovered from the 

beets, there are year-to-year fluctuations in this yield which 

may be due to the effect of weather upon the condition of the 

beets when they are harvested, rendering the sugar more difficult 

to obtain, or which may be due to the shifting of the proport ions 

of the production from one region to another. 

Over the period from 1916 to 1935, man-hour ratios show a some

what greater decrease in terms of sugar produced than in terms 

of beets sliced. Man-hours per ton of sugar produced is the 

actual labor requirement per unit of output in the industry, 

but both the declining trend and the yearly fluctuations in this 
ratio are partially due to a changing amount of sugar in the 

raw materials. In the ratio of man-hours to beets sliced changes 

due to quality of raw materials are eliminated, and this ratio 

has been chosen, therefore, as the basis of an examination of 

changing efficiency of labor utilization resulting from changes 

in plant facilities and their utilization. 

Praallms af Campsrsbiltty sod af Bypraduct. 

The analysis of changing labor requirements in this industry 

is not complicated by significant changes in the quality of the 
produc t. The earliest data obtained in the individual plant 
surveys are for the year 1912, and over the ent ire period from 

1912 to 1935 the output of the beet-sugar industry has been re
fined sugar, that is, sugar almost 100-percent pure. Therefined 

fugar produced today is substant ially t he same as the ref ined 
sugar produced in 1912, 
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Nor is the measurement of output seriously complicated by the 
byproducts. Beet pulp and molasses are the two major byproducts 

of the beet-sugar plants, but their value is relatively insig

nificant compared with the value of sugar. Hence, unit labor 

requirements are computed in terms of beets sliced Of sugar 

produced. Labor devoted to the preparation of pulp for sale is 
eliminated in computing the man-hour ratios. 9 The labor required 

in the handling of molasses, however, is notso easily eliminated, 

mainly because the labor of handling molasses is largely the 

same labor that is expended in the production of the main product J 

sugar, and because some plants subject molasses to additional 

treatment in Steffens houses while others do not. These diffi

culties, coupled with the smallness of the degree of error intro

duced by noncomparabili ty, made it seem unwise to attempt any 

correction for these differences. 10 

Th. Standard Man-hour Ratlo 

In order to make an analysis of the differences in the effi

ciency of plants which are attributable to differences in the 

characteristics of the plants selected for comparison, or, in 

other words, to correlate differences in man-hour ratios per 

ton of beets sliced with other Characteristics, such as age or 

size, it was necessary ,to compute for each plant a man-hour rat io 

which would be free from the erratic factors present in certain 

plants in any year which might be selected for purposes of com

parison. Hence, an unweighted mean of the ratios for 3 years 

was chosen, thus eliminating in part, at least, 

of short-time fluctuations inthe ratio of anyone 

the influence 

plant. These 
rat ios are called the standard man-hour ratios and are given the 

date of the middle year. II 

C.~actty Dr Siz. of Plaat 

In order to determine whether size is a factor in the unit 

l3;bor requirements of a plant, it has been necessary to decide 

upon some measurement of size. It has been pointed out that 

the supply of beets available seems to be the determining factor 

QSee a~pendlx E tor ex~lanatlon ot the method. 
lOSee appendix D tor further explanatlon. 

11 F'or a few Illan ts, 5 tandard man-hoUr ra t 105 are based upon an average of 
the ratiOs ror 2 of the years, or on the ratio ot 1 of the years when ratiOS 
for these 3 years are not available. 
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in the yearly production of a given plant. and the length of the 

campaign in any given year is adjusted to this supply of beets. 

It is conceivable that two plants of widely different size might 

process the same amount of beets in a given year since the number 

of days in the campaign may vary from 20 days to 100 days or 

more. For this reason annual production was not used as a measure 

of size. Rather, the average daily slicing measured in tons of 
beets washed was taken as the measure of size or capacity of the 

plants for the year in question. This measure makes possible 

not only a comparison of the behavior of plants of different 

size but also a comparison of the changing size of plants from 

year to year and the trend in size. This measure of size is 

based on the practice of the plants in the industry to utilize 

the available capacity to its fullest extent as long as the supply 

of beets lasts. Hence, the behavior of a plant is the best possi

ble measure of size. It is obvious that capacity is dependent 

upon the physical size of the plant structure, the amount and 

type of equipment, and the efficiency of management and organi

zation. It must be remembered that a given number of large plants 

will not necessarily process more beets than the same number of 

small plants. In other words, if the plants are divided into 

two groups, the large and the small, itwill not necessarily follow 

that the large plants produce more than the small ones in a. given 

year: they may only operate a shorter length of time. 

UN/T LABOR REOU/REMiNTS POR THE CAMPAl8N 

Fluct •• tlaal In tb. MaD~hour aatlo 

The seasonality of the volume of employment in the beet-sugar 

factories was emphasized in Chapter II, where it was shown that 

a large number of workers must be added in the fall, at the begin

ning of the annual campaign. Man-hour data for the intercampaign 

employment of those workers in the plants that work the year 

round were not obtained for the years prior to 1927. As a result 

it has been necessary to analyze unit labor requirements based 

upon intercampaign man-hours and those based upon campaign man

hours separately. Thedistinction between the man-hours expended 

in the two periods of the year also provides a much more illumi

nating analysis. 
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The campaign operating and indirect 12 man-hours per ton of 

beets sliced calculated from aggregates of man-hours and tons 

of beets sliced of all plants for which data have been collected 

for each year since 1912 are shown in table 15. 

Since the sample from 1916 through 1923 contains plants with 

capacity larger than the average by from 11 to 17 percent, meas

ured in terms of beets sliced, it is probable that the man-hour 
ratios for these years are lower than the average for the in

dustry.13 According to the sample analysis, however, man-hour 

ratios for the years 1928, 1931, and 1935 should reflect rather 

accurately the average for the country. The fluctuation in the 

1917 
1918 
1919 
1920 
1921 

1922 
1923 
192. 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
19'15 

T.~I. 16.- CHAIN INDEXES OP CAMPAIGN MAN-HOUR RATIOS 
AND BEETS SLICED, 1917-35" 

(1917-100) 

Year Man-hour Average Total beets 
ratio daily slicing s1 iced 

100.0 100.0 100.0 
107.4 96.9 105.0 
100.1 102.7 113.5 
93.6 111.3 142.9 
76.4 126.8 142.2 

75.2 133.3 105.6 
74.1 135.7 126.0 
71. 5 150.2 132.7 
70.4 139.5 131.1 

60.6 154.5 141. 3 

56.8 157.4 149.4 
54.6 161. 2 131. 6 
52.1 170.7 140.0 
47.2 171. 4 186.1 
45.8 178.8 152.8 

47.2 188.1 148.3 
43.8 177.3 178.3 

45.2 175.5 128.0 
42.9 178.9 125.3 

aBased On table B-12. col. (5); table 8-13. col. (5); and table 8-14. col. (5). 

120peratlng and ind1rect man-hours include the man-hours worlced by all plant 
ernployees excluslve or Orr lee employees, executives. salesmen. and agricul
tural rieldmen. This includes superlntendents. maIntenance men and repairmen, 
and all employees connected w1th the factory. It excludes men working on 
new construction and machinery installations, men working on workmen's cot
tages. and all workers not working at the factory. 
13see table B-4. 



CHANGING UNIT LABOR REQUIREMENTS 87 

man-hour ratios in table 16 is affected not only by changes in 

the average man-hour ratio for the industry but also by changes 

in the composition of the sample, so that the series cannot be 

used tomeasure either year-ta-year fluctuations or the declining 

trend in labor requirements, although in general it reflects 

these movements. For the purpose of measuring the changes in 

the labor requirements within the limits of a changing sample, 

recourse has been had to an index of labor requirements obtained 

by chaining links computed from man-hour ratios fOf identical 

groups of plants for each successive set of paired years. This 
has been presented on a ratio scale in figure 17 and table 16 

for comparison with the chained indexes of the tons of beets 

sliced and of the average daily slicing. 14 

" 
, 

, 
" 
" ., 
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" 

" 

Figur. 17.- INDEXES OF HAN-HOUR RATIOS AND BEETS SLICED 
1917-35 

(Ratio Icall; 1917=100) 
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It will be observed that the trend of man-hour ratios is down
ward while the trend of beets sliced is upward; this corresponds 

to what was observed in regard to employment. The improvement 

in the man-hour ratio seems to take place in the years from 1918 

to 1921 and again in the years 1925 to 1930. Each one of these 

periods of improvement is followed by a period of 3 years or 

more in which there is relatively little change. The average 

annual decrease in the ratio was 5,8 percent during the period 

14For other types or 1ndexes or man-hour ratiOS see table 8-15. 
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1917-19 to 192~-26 and was 5.5 percent during the period 192~-26 

to 1931-33. 15 A comparison of this curve with the chained index 

of average daily slicing for plants in the sample shows an inverse 

relationship. Production increases by increasing the capacity 

of the plants, and as this capacity increases, the number of 

beets sliced per campaign man-hour increases. It will be noticed 

that the year-ta-year fluctuations in beets sliced are not re

flected in the curve of average daily slicing. A decrease in 

production is taken care of by a shorter campaign period and a 

temporary increase by a longer campaign. 16 

Ptl'UI lB. - LENSTH OF CAMPAISN, 1917-35 .... 
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The increase in average daily slicing corresponds with the 

changes in technology which took place during the period '9'3-35. 

The revolutionary period of mechanization in the beet-sugar in

dustry coincides wi th its period of rapid growth from 1900 to 1913_ 

By the end of that period the flow of the materials beginning 

with the washing of the beets and ending with the flow of the 

sugar into bags and their removal for shipment and storage was 

15Th1s Is the geometric average rate or change based on the man-haul' ratios 
tor the terminal periods. 
18 see figure 18 and table 8-16. 

17nata on technolog1cal changes 1n this section are base<1In part on a report 
on Mechanization In the Beet SUgar Industry prepared by the .Stud1es 1n 
EQuipment Changes and IndustrIal Techniques· section of National Research 
Project. 
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con t inuous and mechanical. The manual workers were concerned only 

with the beets at the beginning of the operation and the bags of 

sugar at the end. The other workers in the plants were machin
ists, operators of machines and their assistants, teChnicians, 

chemists, and the like. The important concern of management was 

to slice as fast as possible to avoid any waste, since the crop 
flowing into anyone plant was all harvested at approximately 

the same time, and to extract as much sugar as was economically 
possible. The bottle necks which prevented the speeding up of 

the slicing operations were the diffusion battery and the evapo

rators. Improvements in this equipment during the period 1913-35 

materially reduced the time required for processing. Wherever 

possible, automatic control of processes was perfected, such as 

control of mixt.ure and heat in the process of evaporation and 

carbonation. This improved the quality of the sugar and displaced 

operators. Throughout this period the capacity of the units in 

the various processes was increased, with slight change in size 

or cost, by improved design and regulation and by shortening the 

machine time required for given operations. This had the effect 

of reducing the campaign man-hours required per ton of beets 

sliced since it either increased slicing capacity, and therefore 

daily production, without any increase in man-hours, or substi

tuted automatic control for operators of machines. A survey of 

the field reports on installations of machines reveals that of 

those which displaced labor, 83 percent or 50 installations af

fected skilled operators, while 17 percent or 10 installations 

affected unskilled or hand labor.!S This reflects the change from 

personal control of processes to the more scientific mechanical 

control which tends to eliminate losses due to errors in personal 

judgment and also to produce a more perfect product. 

Accompanying th is mechan iza t ion, and a necessary part of it, 

was the transformation of the power systems from steam to elec

tricity. In 1914, Z3 percent of the power installed in the 

industry was electric, while by 1929 it had been increased to 

58 percent. 19 Electrification offered greater reliability and 

freedom from shut-down with its consequent loss from fermentation 

and idle labor, as well as the possibility of more automatic 

control of processes. 

16See chapter V, d1scussion of REffect ot Mach1nery Installations.
U~Cens'UsofNan'Ufact'Ures: 1829 (0. s. DeDt. Com •• Bur. Census. 1933). II. 209. 
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Mechanical handling also received attention, eliminating some 
unskilled manual labor. Conveyors and elevators came into use 

for the beets at the beginning of the process and the sugar at 

the other end. Traveling cranes equipped wi th grab buckets were 

installed for handling the beets, and revolving screens, for 

cleaning. Also, in many plants the loose sugar was conveyed 

mechanically to bins or silos instead of being rUD into bags as 
under the old system, thus eliminating unskilled labor at this end. 

Attent ion has been called to the fact that there were two peri

ods of marked decrease in the man-hour ratio, the first from 

1918 to 1921 and the second from 1925 to 1930. Activity in 

building new plants and in improving the machinery and equipment 

of plants already built preceded and accompanied each of these 

periods of increased productivity.20 Not only was the period 

1918 to 1920 one of great activity in the building of new plants, 

but the expenditures for improvements during thes years 1917-21 

for31 identical plantsinthe sample was more than twice that for 

any following 5-year period. 

After 3 years of comparatively little construction activity, 

the second period of improvement in productivity was initiated 

by an increase in expendi.tures for machinery in 192/4- followed by 

renewed bllilding activity during the years 1925-27. This period 

was brought to a close by another increase in expenditures for 

improvemen ts du ring the years 1929-30. In the following years 

building construction fell off; so did expenditures for Dew ma

chinery and equipment except during the year 1933, when it was 

necessary to prepare for the largest campaign in the history of 

the industry. 

The improvements during these two periods have made possible 

a steady increase in the average daily slicing capacity of the 

plant~ and a decrease in the man-hour ratios. 

A Dossible partial explanation of the behavior revealed by 

this analysis may be as follows. Trucks have been displacing 

the horse-drawn vehicle in the transportation of the beets to 

the factories. With the improvements in roads and the increase 

in transportation by trucks the agricultural area which one beet

sugar plant can adequately serve has increased. 21 Since it is 

20See tables A-4 and B-5. 

21Lorlng K. l1acy and Others. Chanoes in Tecitnotogy and Labor Require.ents in 
Crop PrOduction: Sugar Beets (WorkS Progress Administration. National Re
search Project, Report No. A-I. Aug. 1937). D. ze. 
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the practice in the industry to run the plants continuously 2'1 

hours per day until all beets are disposed of, the increase in 

the supply of beets would at first cause an increase in the number 

of days in the campaign period. This tends to bring with it a 

certain amount of was tage due to the spoilage of beets from stand

ing and the deterioration in their condition for the processing 
later. Hence, the supply available to a given plant exerts a 

pressure to increase the slicing capacity by reducing the bot tle 

necks wherever they exist. This increase of slicing capacity 

automatically results in a shorter campaign and tends to reduce 
the man-hours per ton of beets sliced. 

It will be noticed that the fluctuations in the length of the 

campaign wh ich are shown on figure 18 tend to corre 1a te wi th 

fluctuations in total tons of beets sliced. The peak years in 

both series are 19.:tO, 19.;t7. 1930, and 1933, but the trend in the 

length of the campaign is downward. Temporary fluctuations in 

production are taken care of principally by an increase or de

crease in the length of the campaign, but the increase in daily 

slicing which has been occurring steadily since 1918 has tended 

at the same time to decrease the average length of the campaign. 22 

The same pressure which would lead to increased capaci ty of 

the plants in operation might also impel companies to establish 

new plants. Of the 100 plants in existence in 193Q--35, 37 had 

been built between 1916 and 1930. Of these, 2'1 had been built 

during the years 1916-20, and 11 in the years 1925-30, leaving 

only 2 that had been built in the 'f intervening years.'" That 

there were other and more important factors which increased the 

number of plants and the supply of sugar produced cannot be 

denied. Some of these factors have been discussed in part in chap
ter III and do not re<}uire further elaboration here, while others 
will receive attention later. Five out of the31 identical beet
sugar plants were idle in 1926, yet in this year 3 newly built 
plants came into the sample, the slicing capaci ty and the total ton

nage of beets sliced increased, and the man-hour ratio decreased. 
It is possible that the same forces brought about the abandonment 

of certain plants, the building of new ones, and the increased 
capac i ty of others. Th is waS the period of severe compet it ion 

in which the domestic beet-sugar industry lost ground in the 

22See tables 8-13 and 8-16. 
23See table B-5 and the pampl'llet AlIledcan Beet Sugar Co.panies, 19311-35 
(WaShington, D. C.: The United States Beet Sugar AssoC1ation). 
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American market. It seems clear that many ine!! ident, less 

favorably located plants would fall by the wayside in SUCh a 

period and that others would tend to increase their efficiency 
in order to stay in the market. 

Allaly.tl of PluUua.loal to Unit Labar Rlqaluml.tl 

One of the objectives in the field study was to analyze differ
ences in the labor-requirement ratios as between different proc
essing plants and also to ascertain the conditions and relative 
rates of change in the several elements of the industry in order 

to understand better how changes in the industry as a whole came 
about. The attempt waS made to single out the forces tending to 
accelerate or retard improvement in e!ficiencyof labor utiliza
tion in order to understand better the conditions affecting the 

industry's demand for labor. 

The general procedure of analysis was to isolate changes in 

unit labor reluirements that were due respectively to la) improve

ments in efficiency in the utilization of labor within individual 

plants, and (b) improvements in efficiency in the utilization 
of labor in the industry as a whole due to shifts in the plants 
which were operating and in the proportions of output produced 

by relatively more- or less-efficient plants. This analysis 

should show whether the decrease in unit labor requirements for 
the industry was due to one or more of the following factors: 

la) the opening of new, efficient plants or the abandonment of 
old, inefficient plants; Ibl the changing proportions of output 

produced by the more efficient plants; or Icl the changing effi

ciency of labor utilization within given plants. 

Before proceeding with the analysis outlined above, however, 
it was necessary to examine the extent to wh ich labor-requ iremen t 

ratios differed between individual plants and also to ascertain 

what types of plants were most efficient in labor utilization. 

The chief interest in an analysis of differences in labor

requirement ratios centers upon changing unit labor requirements 
over time. However, an examination of differences in unit labor 

requirements among various types of plants is illuminating in 
explaining these changes. A knowledge of the types of plants 

that are relatively more efficient or less efficient in the utili

zation of labor is important in ascertaining the causes of changes 

in the labor requirements over time for the industry as a whole. 
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For example J if large plants are more eff ic ien t than small pla~ ts, 

a reduction in the over-all man-hour rat io over a period of time 

may merely mean that there are more large plants or that the 

large plants are more active than the small ones. Geographical 
differences, differences in age, and other differences may be 

important in this connection. 

Increasing productivity in Individual Plants.- The outstanding 

common characteristic of the various series of man-hour ratios 

for individual plants is their marked tendency to decline through

out the period from 1918 to 1931. This is revealed by even a 

cursory examination of the series of man-hour ratios for individ

ual plants 24. and confirmed by a comparison of the measures of 

dispersion for the series for all reporting plants wi th those for 

the 31 identical plants. Figure 19 presents the quartile measures 

of labor-requirement ratios for all reporting plants together 

with those of the most-efficient and the least-efficient plants 

in each of the years 191? through 1935. It is evident from this 

Fl •••• 15.- CAMPAIGN MAN-HOURS PER TON OF BEETS SLICED, 
ALL REPORTING FACTORIES, 1917-35 
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chart that while there is a relatively wide range between the 

most-efficient and the least-efficient plant, the measures aTe 

for the most part rather closely grouped about the median. 

The average deviations of the arrays fall throughout the period, 

the average deviation fOf1916 being .7~ man-hours and for 1935, 
038 man-hours; but the ratios of the average deviations to the 

median do not drop perceptibly, the coefficient of dispersion 

being .28 for 1916 and .26 for 1935. 25 In other words, the de
crease in the absolute dispersion has so paralleled the decrease 

in the medians of campaign man-hour ratios that the relative 

dispersion measures for th~ yearly arrays have undergone little 

change over the period. It is evident that the decrease in the 

typical man-hour ratios has been accompanied by corresponding 

proporlional decreases in the quartiles. 

The question naturallY arises: Do the observed proportional 

decreases in the median and quartile man-hour ratios come about 

because of new plants coming in and because of old plants being 

ahandoned, or is the decrease in labor requirements the typical 

behavior of the indIvidual plants in the series? In order to 

answer this question an analysis was made of the yearly arrays 

of campaign ma!l-hours per ton of beets sliced for 31 identical 

plants for the years 1917-35. An examination of figure 20 reveals 

it decrease of all the quartiles proportional to the decreases 

exhibited by the medians of thearrays.26 The average deviations 

of the ratios fall from .65 man-hours per ton of beets sliced 

in 1917 to .2q man-hours per ton in 1935. The ratios of the 

average deviations to the medians of the yearly arrays, however, 

exhibit no discernible trend. The dispersion characteristics 

of yearly arrays of ratios for identical plants are not dissimi

lar to the dispersion characteristics of arrays of ratios for 

all reporting plants over the period. 

A further analysis was made of the arrays of the 31 identical 

plants to determine whether the decrease in the man-hour ratio 

was due to a general improvement in all plants or to improvement 

in a few- of the plants producing a large proportion of the output. 

It was assumed that if improvement took place by a gradual and 

uniform improvement of all plants in all portions of the arrays, 

there would be relatively little change in the constituency of 

25The measures computed troiT! the arrays tor all reyort1ng factories are shown 
In table B-9. 

26The measures computed tram the yearly arrays tor 31 identical factories 
are shown In table 8-10. 
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PI,u,. 20.- CAMPAIBN MAN-HOURS PBR TON or BEBTS SLICED, 
31 IDENTICAL FACTORIES, 1917-15 
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the two halves of the arrays over the period. In 1935, of the 

30 plants which were operating in 1917 11 plant in the group was 

idle in 1917), 21 were inthe same half inwhich they had started, 

1 was idle, and the remaining 8 had shifted from one half to the 

other; 4 had stayed continuously in the upper half of the array 

and 3 had stayed continuously in the lower half. An examination 
of the arrays reveals even more stability than is shown by these 

figures. The shifting about in positions seems to be due more 

to the differences in timing and rate of speed in improvements 

than to permanent shifts so that while one plant may get ahead 

in one year it may lose out in some later year. 27 

A further confirmation of this general improvement is found 

in the exarninat ion of the series of average daily slic ing of 

beets for individual plants. The common characteristic of each 

of these series is a continued increase throughollt the period. 

Figure 21 and table 17 show the trend in these two characteristics 

and the inverse relationship for the 31 identical plants. The 

27See table B-10 tor a serles ot array-stabllity measures tor the 31ldentlcal 
tactorles tor the years 1917-35. 
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T,bl, 17.- CAHPAIBN HAN-HOURS PER TON OP BBBTS SLICBD AND 
AVERABE DAILY SLICIHB. 31 IDENTICAL PACTORIES 

1917-35 

Man-hour 
Average daily 

Man-hour 
Average daily 

Year slicing Year slicing 
ratios a 

{short tons) ratlos& {short tons 1 

1917 2.78 1,117 1927 1.65 1.e51 
1918 3.11 1.044 1928 1.62 1.702 
1919 2.76 1.160 1929 1.55 1.743 
1920 2_61 1.231 1930 1.40 1.822 
1921 2.10 1.393 1931 1.35 1.907 

1922 2.08 1.465 1932 1. 46 1,722 
1923 2.05 1.478 1933 1. 31 1.833 
1924 1.95 1.661 1934 1.42 1,805 
1925 2.00 1.510 1935 1.35 1.806 
1926 1. 70 1.716 

aTable B-10. coL (6). 

Flgu,. 21.- CAMPAIBN HAN-HOURS PER TON OF BEETS SLICED AND 
AVERAGE DAILY SLICINB, 31 IDENTICAL FACTORIES, 1917-35 
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upward trend of the average daily slicing per plant is reflected 

in the downward trend of the man-hour ratio, thus indicating 

that decreasing campaign labor requirements have to some extent 
resulted from an increasing capacity with the same labor force. 
In this respect the 31 plants show the same characteristic that 
has been noted for all the plants in the sample. 

The analysis of the behavior of the 31 plants and the similari ty 

of their behavior to that of all plants in the sample would seem 

to indicate that the decrease in labor requirements over the 

period is neither due in the main to new and efficient plants 

coming in nor to old and inefficient plants falling out, but 

rather to the general im?rovement of all plants. 

Rates of Chanre and Continfent LlJbor-R~duction Ratios. - The 

speed at which the change in uni t-labor-requirement ratios in 

the 31 identical plants took place may be expressed in two ways: 

first, in terms of the annual geometric rate of decline in the 

median man-hour ratio; then in terms of shifts in th.e entire 

distribution of man-hour ratios. 

By the first meth~d, man-hours per ton of beets sliced declined 

~.17 percent a year from the period 1917-19 to 1933-35, the de

c line being re lat i ve ly rapid from 1917-19 to 1927-29 15.3'1 percen t 

per yearlandrelativelyslowl3.19 percent per year I from '927-29 

to 1933-35. 

The second method of expressing the rate of change in unit 

labor requirements is a new device and hence will be explained 

in somewhat more detail. We have seen that there are substantial 

differences in the unit labor requirements of the individual 

plants in the 31-plant series and also that these differences 

maintain about the same relative dispersion throughout the period. 

This suggests that an instructive approach to the analysis of 

rates of change may be to conceive of the progress of efficiency 

in an industry as consisting of the shifting of theentire distri

bution of man-hour ratios, without substantial change in form, 

toward the more-efficient (lower man-hour ratios) end of the 

scale. The existence of substantial differences in the unit 

labor requirements of the several plants in a group is evidence 

of the possibility, if not the inevitability, of further reduc

t ions in the average man-hour rat io. Under sucn conditions, 

there obviously is room for improvement in eff iciency even without 

major technological innovations, and the passage of time may 
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reasonably be expected to bring a lowering of the man-hour ratios 
of at least the less-efticient plants. 

A conqenient way of measuring the labor reductions contingent 
Upon specified possible shifts in the distribution is based upon 

the ra.tios between selected pairs of the various man-hour ratios 

which represent the e!!iciency of plants at selected points in 

the arraY, such asthe ratio between the most-etiicient I smallest I 
man-hour ratio and the least-efficient I largest I man-hour ratio, 

or the ra t io between the first-quart ile man-hour ra tio I wi th one
quarter of the ratios smaller) and the median. Selecting the 
ratio oetween the first luartile and the median to illustrate the 

prOcedure, we may frame the problem thus: What will be the reduc
tion in unit labor rel.uirements if the array shifts toward the 

more-ellicient end of the scale sufficiently so that the median 
man-hour ratiO becomes as low as the first-quartile ratio at the 

initial date and. on the average, the other elements of the array 

undergo proport iona te sh itts; and h ow long has it ordi nari ly 
taken to accomplish th is "median-to-t irst-quart ile sh ift 1I?28 

The corresponding contingent labor-reduction ratio indicates 

how much unit labor re~uirements will be reduced if the specified 
shift takes place. For example, forthe median-to-first-quartile 

shilt, the computation procedure may be expressed by the formula 
Q, 

C" 1'" - where C is the reduction in the unit-labor-re~uirement 
Q, 

ratio contingent upon the specified shift. For the 31-plant 
series this ratio ranged from 9 to 21 percent inthe period 1917-

35, the median conting-ent reduction being 16 percent. 

The time required for the median-to-first-quartile shift ranged 
from 1 to 6 years, the median interval being between 3 and 4 

years, or about the length of the average business cycle. Con

sequentlY, if we base our judgment upon t he observed stab i li ty 
in the relative dispersion of the man-hour ratios and on the 
average time interval required in the past for the median-to
~rtile shift, it would appear that on the average we 

2B douslY, sucn compar1scns might be made between any 2 positions in trle 
Oby a.nd tne cnoice or tae medlan-to-flrst-::luartlle shi!tmay appear some

~ra ~rtJjtrary. In fact, computationS by 4 methods nave been IIIade and re
;nate~ In taiJles B-9 and 8-10 for all reporting plantS and for the 31-plant 
ecr1es respect.Ively. These tables shOw the contingent reduction ratios and 
set nIH 1ntervals, with eacn year In turn consIdered as the InItial year. 
tne ~e41s.n-to-flrst-qUartlle sh1ft appears IIlOSt usetul for an ana.lysis of 
Tne e511Kely to take place within the span of a fe'N yearS. The comparIson 
en.an,~enlne 1II0St.- and least-efficIent plants (tile ftrange-ratto' method) rests 
Det\\' onlY 2 plants in each year and suge;ests a degree of improveIllent which 
'UPon Grdlnarlly reQuIre a long span of years, Never In the 18-yea.r perIod 
",lllredW the ;31-p1&nt serIes dId the man-hour ratIo forthe least-eff1c1ent 
,CO'le. ~eCome so low as that of the most-efficient plant In the InItial year 

lll~71' 
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may reasonably expect a reduction in unit labor re~uirements of 
about 16 percent in a period of 3 to 'I years. This estimate 
agrees roughly with the '1.17 percent geometric rate of decrease 

experienced in the median man-hour ratio for the 31 plants during 

the 1917-35 period. It should be noted, however, that the time 
interval re~uired forthe median-to-first-quartile shift appears 

to be lengthening in recent years. This corresponds to the slow
ing down of the rate of increase which was noted in the geometric 
rate of change in the median after the period 1927-29. With 1929. 
as an initial year, it required 6 years forthemedian to become 

as low as the 1929 !irst quartile, and in the succeeding years 
the shift from median to ~uartile did not take place within the 
time interval covered by the data, that is, before 1936. 

The use of contingent labor-reduction ratios based upon the 
dispersion of the array of man-hour ratios is, of course, a new 
approach to the measurement of rates of change and is feasible 

only when individual-plant data are at hand. It is a useful 

supplement to the usual method of computing trends and rates of 
change in that it lays stress upon the potent iali ties of improve

ment arising from the existing differences in efficiency. These 
potentialities would be exaggerated if a comparison were made 
between the most-efficient and the least-efficient plants (the 
"range-ratioH method). 

Chatalt.,I.tlas .f lad.v'duII Pll.tl C.rr.llt.d 
With Pr.(ucllvity 

An analysis of yearly arrays of labor-re'luirement ratios indi
cates wide ranges between the most-efficient and least-efficient 

plants, but a moderate dispersion of most of the plants about the 
central tendencies. The following paragraphs are devoted to 

answering the ~uestion: What characteristics of plants are respon

sible for their relative efficiency in the utilization of labor, 
that is, for their position in these arrays? Comparison between 

groups of plants will be made on the basis of unweighted averages 

of the standard man-hour ratios for the individual plants. 

[nflu.nc. of Sia. and Af' of Plants.- The man-hour ratios of 

the plants surveyed indicate that newer plants are more efficient 
in the utilization of labor than older plants and that larger 
plants are more efficient than smaller. A cross-classification 

of the standard diu-hour ratios for 193'1 by size and age of 



Tabl. 18.- STANDARD MAN-HOUR RATIOS BY SIZE AND AGE OF FACTORIES, 1914" 

CapacityO ( in short tons) 

Total Period Under 1, 100 1.100-1,399 1,400-1.699 1.700-1.999 
in which 

factory was NU:>1ber Man- Number Mao- NIl'Tlber 

constructed of fac- hour of fac- hour of fac-

tories ratios tnries ratios tori f'S 

111 121 131 I. I 151 

1890-1929 56 1. 62 10 2.26 17 

1890-99 9 ~.O8 3 2.:37 1 

1900-09 29 1. 74 • 2.65 7 

1910-19 16 1. 42 2 1.50 5 

1920_29c 1£ 1. 26 1 2.12 • 
fllStanilarll man-hour ratios are averall;es or the ratios for 1933-3[, 
(see p. 84). The man-hour ratios shown are unwelghted means of 
the standard man-hour rat10s ror all factorIes tTl the resper.t1ve 
sl?! (C\pactty) cls.sse~. 

Man- Number Man- Number Han-

hOllr of fac- honr of fac- hour 

ratios tories ratios t0ries ratios 

161 I?I lei 191 (10) 

1.77 2JJ 1. 48 10 1. 34 

2.45 3 1.81 0 -
2.07 12 1. 49 1 2.2JJ 

1. 55 3 1.37 5 1.33 

1.35 2 1.11 • 1. 13 

btleaSUred by average dally slictng. 1933-36. 

Clncludes 1 Cactory constructed In 1930. 

Tabl. 19.- STANDARD MAN-HOUR RATIOS BY SIZE AND ABE OF FACTORIES, 1915" 

Cap aei tyb (in short tons) 
Perio<1 

2,000 and over 

!'lumber Han-
of fac- hQur 
tories ratios 

( 11) (12 ) 

9 1. 24 

- 2 1.67 

5 1.0e 
1 1.2JJ 
1 0.89 

.. _. ---- -

Total 
in which Linder 1,100 1,100 and over 

iaetory was 
Number of constructed Number of Han-hour Man-hour Number of 

factories ratios factories ratios factories 

1890-1918 40 3.15 28 3.26 12 

1890-1904 20 3.19 11 3.29 6 

1905_1918 20 3.11 ,. 3.23 e 

(capacity) cla<;~e~. 8Standard man-l1our ratios are avera.ges ar t.he ratIos ror 1917-11:1 
(see p. 84). I'L<l.n-hour ratlo.\ shown are unwell1;oted means of the 
stllnrl'!.rrt IIIIln-hour ratIos ror all r'!.ct.·)rles In the respective sIZe 

bMeasured by average ljally slIcIng, 1917-19. 

Man-hour 

ratios 
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2.82 
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plants is shown in table lB. The number of plants in each sub

group is shown together wi th the average standard man-hour ratio 

for the plants in that group. The table reveals that for the 

group as a whole the man-hour ratios of the larger plants are 

lower than those of the smaller and that the man-hour ratios of 

the newer plants are lower than those of t he older, although 

within the subgroups of the cross-classification some exceptions 
do occur. These exceptions to this general principle are usually 

based upon samples of only one or two plants. 

Table 19 presents a size and age cross-classification of average 
standard man-hour ratios for individual plants for the year 191B. 

The age classification segregates plants built in the period 1890-

190~ from those built in the period 1905-18. The size classifi

cation segregates plants for which the average daily slicing is 

less than 1,100 tons from those slicing 1,100 tons and more. 

Th is table indicates that in th is earlier period, as was shown 

to be true for the more recent period in table 18, the larger 

plants were the most efficient in the utilization of labor and 

that the newer plants were more efficient than the older. 

Influence of OrfrJnizcstion Clnd Jlanarement.- Analysis of man-hour 

ratios for individual plants reveals that significant differences 

exist between plants of various companies, for when the average 
standard man-hour ratios for the plants of individual companies 

for 193~arecompared with each other, a considerable dispersion 

is shown. The average ratios for six companies ranged from 1.19 

to :2 .51+. These companies were large, multiple-plant organizations 

operating 55 plants in the years 1933-35 with an average labor 

requirement of 1.54 man-hours per ton. Nine small companies 

operating 11 plants during the same period had an average standard 

man-hour ratio of 2.02 man-hours per ton. 

The multiple-plant organization enables the improvements which 

are so characteristic of the industry to be carried out throughout 

the plants of one company. This, coupled with the strong trade 

association, may account in part for the remarkably uniform change 

throughout the industry. One large company CMning several plants 

encourages improvements in organization and general efficiency 

by setting standards for each plant and then offering a prize 

of all extra week's holiday to all the yearly employees in the 

plant which makes the greatest improvement over the standard 

set. The officials of the company consider their scheme effective 

in reducing costs. If reduction of costs has as a corollary 
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grea ter prod uct ion wi t h the same labor force, t hen a correspondi ng 

reduction in unit labor requirements occurs. 

Influe.« of Georraphical Location.- In general, plants in the 

eastern region have higher man-hour ratios than plants in the 

West. The average standard man-hour ratio for the eastern plants 

for 1934. was 2.19, whIle fcrthe western plants it was 1.38. It 

should be noted, however~ that factors other than geographical 

location are important in the explanation of these regional dif

ference~. Por example, the western plants are newer and larger 
and are operated by large multiple-plant companies. 

Influence of the Degree of Jlechanizatio~Zg.- Plants with a 

greater investment in machinery and equipment per man-hour ex

pended are more efficient in the utilization of labor than plants 

less highly mechanized. These facts were revealed when standard 

labor-requirement ratios were classified by the degree of mech

anization of the plants. The measure chosen to represent mech

anization was the gross investment in machinery and equipment 

per daily campaign man-hour. By gross investment is meant the 

total cost of all the machinery and equipment which the plant 

has insHlled, less the cost of the machineryand equipment which 

has been ret i red or scrapped or sold but wi t hOll t deduct ion for 

depreciation. Average daily man-hours were used rather than 

total campaign man-hours since the length of the campaign varies 

in different plants. 

Average gross investment for individual plants for the years 

1933-35 and 1927-29 was divided by average campaign man-hours 

per day for the same groups of years respectively. The individ

ual plants were then subdivided into the following three groups: 

lal All plants with a gross investment of less than $600 per 

daily campaign man-hour. 

Ibl All plants with a gross investment of $600 or over but less 

than $800 per daily campaign man-hour. 

Ic) All plants with a gross investment of $800 or over per 

daily campaign man-hour. 

Standard campaign man-hours per ton of beets sliced for each of 

the years 1928 and 193~ for the individual plants falling under 

each of the three groupings above were averaged and the results 

are shown in table 20. 

29See appeMlX D tor a discussion ot the influence ot Stertens operations 
upon man -h our req ul rements . 
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Tabla 20.- STANDARD MAN-HOUR RATIOS FOR FACTORIES CLASSIFIED 
BY GROSS INVESTMENT PER DAILY CAMPAIGN MAN-HOUR 

1928 AND 1934" 

Under $600 $800 to $799 $800 or over 

Year Number of Number of Number of Ratio Ratio Ratio 
plants plants plants 

1928 20 1.73 8 1. 53 4 1.48 

1934 14 1. 40 13 1. 28 8 1.12 

aNRP-NBER f1eld-survey data. For dertnltlon or standard man-hour ratIo see 
II. 84. Ratios are unwelghted means of the standard man-hour ratios of the 
factorIes In the respectIve classes. 

EWalu.tloD "I Factol'S Affecting AWIl'ava Uait 
Lab., RaqulrlmBDt. 

While the outstanding factor in the decrease in the man-hour 
ratios is a fairly uniform improvement in individualplants, there 

remains the problem of evaluating other factors. An examination 

of the characteristics of new plants coming into the series re
veals the fact that of the 26 newly built plants which have come 

into the sample, 73 percent were below the average capacity during 

the first year of operation and 68 percent during the second 

year, showing therefore at least an average increase in capacity, 

which, as defined in this study, is identical with the average 

daily slicing. Reviewed with respect to productivity, 35 percent 

were below the weighted mean of man-hour requirements for all 

plants in the sample during the fil"S! year and 6S percent were 

above the weighted mean. In the second year of operation there 

was an equal division of plants above and below the mean of man

hour requirements. Therefore, these newly built plants showed 

a greater improvement in labor requirements than the average for 

the sample. This improvement in the second year of operation is 

of especial significance because of the use of the chained index 

to indicate the change in uni t labor requirements. If new plants 

Come into the index at an efficiency above the average and do not 

improve or increasetheirproportion of the output, theresulting 

improvement in the average man-hour ratio for all plants is not 

reflected in the index since it measures only changes in the man

hour ratios of the plants after they enter the sample. To that 

extent the index has an upward bias. But if the improvement 
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takes place after they come in, as tends to be the case in beet

sugar plants, then the chained index measures it. 

SimilarlY, an examina t ion was made of idle and abandoned plants. 

Of the 16 such plants, 62 percent were less efficient in the last 

year of operation than the weighted average for all plants, and 
all of them were below the average capacity in that year. The 

closing of plants would in general tend to lower the weighted 

mean of the man-hour ratios, but the first effect of new plants' 

is to raise the weighted mean. Both of these tendencies are 

obscured in the index because of the necessi ty of comparing 

groups of identical plants for year-ta-year changes, but fortu
nately they are in opposite directions and of relatively little 

importance inany one year. In the years 1925-30, 10 new plants 

were built while 8 were abandoned, so it is likely that the im

mediate net effect upon the average man-hour ratio in any year 

of the entrance and exit of plants was negligible, but that the 

swifter improvement of the new plants after they once enter the 

industry tends to decrease the ratio. Hence the chained index 

would tend to decline faster than the index for a group of iden

tical plants for this period, but probably not faster than the 

average man-hour ratio for all the plants in the industry since 

the sample is probably fairly representative in respect to idle 

and abandoned plants as well as in respect to newly constructed 

plants. 

When the Changes in the index of weighted man-hour ratios for 

the 31 identical plants are compared with the changes in the 

chained index of comparable aggregates, small differences are 

noticeable which may be accounted for by the improvement in the 

new plants. The decline in the average labor-requirement ratio 

for the 31 identical plants over the period from 1917-19 to 1933-

3S was S3 percent and in the aggregative chained index for the 

sample was 57 percent. During the first period of decline from 

1917-19 to 1924-26 the decline in the two series is approximately 

the same, being 35 percent, while in the second period of decline 

t~e labor-requirement ratio for the identical plants declines 28 

percent, and that for the series including the new plants coming 

in declines 35 percent. 

It has been noted that large plants are more efficient than 

small plants. The 31 identical plants are larger than the average 

for the series of all report ing plants in every year, ranging 

from about 20percent greater capacity to onlyz percent. Except 
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in 2 years the man-hour ratios of the 31 identical plants have 

been lower than those for all reporting plants. The increase in 
capacity has been about 62 percent for the 31 identical plants 

since 1917 and 77 percent for the plants in the sample as shown 

by the chained index. Hence, we may conclude that size is an 

important element in the average man-hour ratio and improvement 
in size is a general characteristic of the plants in the industry. 

The decrease in the man-hour ratiO, as affected by size, is due 
not to a shift in the proportion of output from smaller to larger 

plants but to the general enlargement of capacity of operating 

plants. 

Since there is a correlation between size and efficiency and 

since size is measured each year by the average daily slicing, 

it is to be expected that the production of plants having ratios 
below the median man-hour ratio would be greater than those wi th 

man-hour ratios above the median. This of course neglects the 

factor of the length of the campaign. The percentage of the 

yearly production, measured in terms of beets sliced, accounted 

for by this efficient half of the plants varies from 52 percent 

in 1918 and ~9 percent in 193~ to 75 percent and 74 percent in 

1916 and 1926 respectively. The median of the 20 yearly val

ues is 63 percent. In 4 years it was above 70 percent and in 

6 years it fell below 60 percent. The more-efficient half of 

all the plants, therefore, tends to slice 60 to 6S percent of 

the beets. Since there is no noticeable trend toward a larger 

or smaller percentage, there is little reason to believe that 

a changing proportion of the production going to the larger and 

more-efficient plants is a factor of any importance in the de

clining man-hour ratio. 

However, year-ta-year fluctuations in the average man-hour 

ratio may easily be caused by changes in this proportion. In 

recent years, that is, since 1931, the campaign has been con

siderably longer in the eastern plants, which are less efficient 

than the western plants, and in these years the percentage of 

the production in the inefficient half of the plants has ranged 

between Lj.Lj. percent and S1 percent. 30 This accounts, in part, 

for the fact that during these years the average man-hour ratio 

has not only ceased to fall but in fact has tended to rise, fall

ing slightly in 1935 when the percentage of production in the 

inefficient plants declined and the length of the campaign in the 

30see tigure 22 and table B-16. 
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Flgar. 22.- LENGTH OF CAMPAIGN, EASTERN AND WESTERN 
FACTOR[ES, [9[7-35 
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East fell again below that in the West. During the years 1931-3~ 

the supply of beets in the eastern region evidently rose in 

proportion to that in the West. 31 

Attention should be called here to the effect of natural causes 

upon temporary fluctuations in the average man-hour ratios. When 

the supply of beets in a given locality fails, it becomes neces

sarytoshut down plants in that locality. During 193~-3S. plants 

were closed in some sections because of drought, and in a number 

of years insects and pests affecting sugar-beet crops have caused 

the closing of plants in certain areas. Coupled with these natu

ral causes are the relative price fluctuations of farm products 

which are a factor in the choice of the farmer to devote his land 

to sugar beets or ot.her crops. If the failure in the supply of 

beets, whether from one Cause or another, tends to be concentrated 

in some one region, then there may take place a change in the 

average man-hour ratio due to the resulting changes in the distri

bution of production between regions. In some instances there 

31See table B-17 tor comparison ot eastern an~ western areas. 
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are temporary fluctuations affecting only the man-hour ratios 

for years of abnormal weather, while in others there may be more 

permanent shifts in the proportional importance of different 

regions. 

The eastern plants in the sample reached a high point in pro

duction of beet sugar in 1925. After this the trend of production 

in the East was downward. and the relative importance of this 

district declined for a number of years, W"hile the western region 

increased in relative importance. This was a factor in the de

clining man-hour ratios from 1925 to 1931 since the plants in 

the West have a lower average labor-requi rement ratio than those 

in the East. Since 1931 California has been increasing the number 

of its plants and its production, with a tendency toward lowering 

the rat io. 

In summary, it may be said that all the facts in hand seem to 

point to one conclusion, that the main factor in the decline of 

the average labor-requirement ratio per ton of beets sliced in 

the beet-sugar factories during the campaign is the gradual im

provement of all plants which has taken place as an accompaniment 

of the steady increase in the daily slicing of beets. All plants 

tend to increase their daily capacities and decrease their labor

requirement ratios. Although the average plantsare larger today 

than t hey were 20 years ago, t his inc rease in t he average has 

come about in the main not by building larger plants but by in

creasing the capacity of the existing plants, and this in turn 

has come about not by revolutionary changes in equipment but by 

gradual improvement and changes where necessary to speed up or 

improve production and by improvement in general organi~ation 

and flow of materials. The gradual and uniform improvement which 

has taken place in all plants has probably been made possible 

by the high degree of centralization of management, which was 

pointed out in chapter 1. Thefive largest companies controlling 

75 percent of the production have been able to make use of the 

improvements developed in their individual plants to increase 

the efficiency of their whole organization, and thus there has 

resulted a more rapid and uniform improvement than would be ex

pected wi th less-centralized ownership. It has been pointed out 

that the average man-hour ratio for the plants owned b~T these 

large corporations is less than for the other plants. Moreover 

the five largest of these operate in California and the western 

area where the average man-hour ratios are lower than in the 

eastern area and where the plants are larger. 
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Interruptions in the general trend downward have occurred be

cause of shifts in the proportions of the production supplied 

by the different areas 'or because of natural causes affecting the 

supply or the condition of the beets which were processed, but, 

at least until 1933, the trend of the man-hour ratios for the 

individual plants and for the plants as a whole declined from 

year to year while the capacity increased. 

CHANGING UNIT LABOR REOUIREMENTS IN VERTICAL 
SEGMENTS OF THE BEET-SUGAR INDUSTRY 

That the campaign labor is only a small part of the total labor 

utilized in the production of beet sugar was pointed out in chap

ter II. A study of changes in the demand for labor in the indus

try should consider also the changes in the labor utilized in 

other parts of the industry even though data are not at hand to 

make so detailed a study as was made of the campaign labor. In 

the following section an attempt will be made to esti[flate the 

number of man-hours per ton of beets sliced that are used in 

producing and harvesting the beets and bringing them to the fac

tories, that are used in the factories and in the central offices 

of the beet-sugar companies, and that are used in producing the 

fuel and machinery for the processing of the beets in the fac

tories. An attempt will also be made to determine the nature of 

the trend of the man-hour requirements per ton of beets sliced 

in each of these segments and in the industry. 

Total Factory Labor Requirementa per Ton 
of B.ets Sliced 

In the previous section the discussion has centered entirely 

upon the analysis of changes in the campaign labor necessary to 

extract the sugar from a ton of beets. This is, however, onl~' 

part of the labor expended in the beet-sugar fae·tories. In the 

first place there is the intercampaign labor which is performed 

byall factory employees who work about the plant in the interval 

between the closing down of operations in the winter and the open

ing up in the fall. Some of these workers must clean and repair 

the machinery, get the plant ready for the next operating season, 

and take care of the shipping of the sugar during the year. In 

addi tion, there are che:nists, and technicians, and office workers 

who are employed for the entire year. For the purposes of this 

analysis the labor of these workers has necessarily been separated 
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into the two parts, campaign and intercampaign labor. The labor 

which they performed during the campaign period has been included 

in the campaign labor. It now remains to consider the amount of 

labor which they performed during the remainder of the year. rhe 

other workers who have been omitted are those who worked in the 
plant offices during the campaign and in the central offices of 

the companies operating several plants. 

Inttr'ca.paien and Campaign lIan-hour Ratios.- Data for inter

campaign man-hours were secured for the years 1927 through 1935. 

The intercampaign labor-requirement ratios for 27 identical plants 

for the years 1928-35 are shown in table 21 together with the 

campaign man-hour and office man-hour ratios. 32 It will be no
ticed that there are marked fluctuations in the intercampaign 

man-hours per ton of beets sliced. 

campaign the smaller the proportion 

Necessarily, the longer the 

of the labor of the workers 

who are employed the entire year wtlich is counted as intercampaign 

labor, and the shorter the campaign the larger the proportion of 

such labor which is counted as intercampaign labor. Hence, if 

there were no other factors to take into consideration, the inter

campaign labor would tend to be greater per ton of beets sliced 

during a short campaign than during a long one. Table 21 and 

figure 23 show this inverse relationship between intercampaign 

man-hours requjred per (on of beets and the length of the cam

paign. rhis relationship is so marked that it tends to obscure 

any trend which might exist in the intercampaig"n man-hour ratio. 

There is another factor of importance, however, in this inter

campaign man-hour ratio, that is, more preparation has to be 

made for a campaign if the average daily slicing is large, but 

the increase in the number of beets sliced is probably proportion_ 

ately greater than the increase in the intercampaign man-hours, 

unless the campaign is shortened. As has been pointed out, inter

campaign man-hours may be utilized for the handling of the Sugar 

for shipping. The more of this that is done during the campaign 

the less there remains to be done during the intercampaign period 

and also the smaller is the number of hours needed for the Work 

because, when done during the campaign, the extra handling for 

storage is eliminated. In 1934. and 1935 the carry-over from the 

year 1933, when the quotas were exceeded, probably increased 

number of man-hours for handling the sugar for shipping and 
the 
may 

32See table 8-18 tor the 1ntercam n a1gn, eam~lgn, central-ottice. and "'..... tOtal man-hours per ton ot beets sHeM tor all reporting plants. 
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T •• I. 21.- MAN-HOURS PER TON OF IEETS SLICED AND LENBTH O' 
CAMPAI8N, 27 IDENTICAL 'ACTDRIIS, 1928-35" 

Man-hours 

Year Campaign 
Total 

Operating Office 

1928 2.40 1.59 O.05 b 

1829 2.28 1.51 .05 b 

1830 1.83 1.36 .04 b 

1831 1.80 1.30 .04 b 

1932 1.95 1.30 .03 
1933 1.78 1.23 .03 
1934 2.24 1.29 .03 
1835 2.08 1.28 .03 

&Central-otr1ce labor not Included. 
bcomputed rI'Olft data tor 26 plants. 

Avera~e 

Inter-
length of 
campaign 

campaign (days) 

0.76 76.8 
.72 76.4 
.53 93.4 
.56 82.2 

.62 71.2 

.52 86.4 

.92 58.9 

.77 63.4 

'Ig ••• 23.- INTERCAMPAIBN MAN-HOURS PER TON D. IEETS SLICED 
AND LENBTH OF CAMPAIGN, 27 IDENTICAL FACTORIES 
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help to explain the large man-bour ratio for intercampaign labor 

in 193~-35. It seems likely tbat if the lengtb of the campaign 
year were held constant, a downward movement would be evident in 
the intercampaign man-hour ratio except during the years 1934-35. 

This is borne out by an examination of figure 23 and table 21. 

The total labor requirements per ton of beets sliced for the 
campaign and intercampaign periods is the better measure of the 
efficiency with which the labor force is utilized than either 

one taken separately since a variation in one may be related to 
an inverse or a similar variation in the other. The addition 

of the intercampaign labor requirements may cause the total of 

the two series to fluctuate differently from the series for cam

paign labor requirements. During a year with a long campaign 

the addition of the intercampaign ratio will tend to decrease 

the ratio and during a year with a short campaign to increase 

it, as in 1934. On the average, intercampaign labor is about 

so percent of the campaign labor. The trend of labor requirements 
is much the same in the two series. If the 2 years 1928 and 

1932, in which the length of the campaign was approximately the 
same, are compared, it will be found that both the campaign man

hour ratio and the intercampaign man-hour ratio decreased 18 
percent. The cause of this decline appears to be a steady in

crease in the capacity of the beet-sugar factories which was 

accomplished without increaSing the labor employed. 

Tabl. 22._ CENTRAL-OPPICI MAN-HOURS PIR TON OP BEETS SLICED 
1927-35" 

Year Man-hours 

1927 0.10 
1928 .10 
1929 .10 
1930 .08 
1931 .09 

1932 .10 
1933 .08 
1934 .13 
1935 .11 

aNRP-NBER field-survey data.; from da.ta for tbe centra.l oUlcea of 2 large 
companles. 
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Office Nan-hour Ratios.- Plant-office man-hours during, the 

campaign are shown in table 21; plant-office man-hours in the 

balance of the year are included in the intercampaign man-hours. 

The central-office man-hours which appear in table 22 are based 
on those of two large companies. During the years from 1927 to 

1933 the trend, if there is one, is downward, the direction taken 

by the other ratios. In 193~ and 1935 the ratio is higher. The 

reason for a downward tendency is probably to be found in the 

increase in production which took place without any corresponding 

increase in office employees. When central-office man-hours 

are added to campaign plant-office man-hours they average about 

one-tenth of the campaign operating hours, adding on the average 

.1ij man-hours to the total man-hours per ton of beets sliced. 

Agricultural MI.-hour. plr To. of B"tl Sllcld 

Mr. Macy's estimates of the man-hours required to plant, cul

tivate, harvest, and transport to the factory an acre of sugar 

beets w-ere referred to in chapter II of this report in connection 

wi th the est imates of the total volume of employment expended in 

the agricultural part of the beet-sugar industry.33 In table 23 

these average man-hours of labor per acre are presented, together 

wi th the average yield per acre, in order to determine what 

changes have taken place in the labor cost of producing a ton 

of sugar beets between different periods of time from 1913 to 

1936. These ratios showing the man-hours per ton of beets are 

Tabla 23.- AGRICULTURAL MAN-HDURS PER TDN DF SUDAR BEETS 
PRDDUCED, 1913-36" 

'Average hours Average yield Average hours 
Per iad per acre per acre per ton 

(tons) 11)+121 

11) 12) 131 

1913--17 113 10.1 11. 2 
1920-24 112 9.6 11. 4 

1926-32 99 11. 3 B.B 
1934-38 94 10.B B.7 

8 Lo r-lng K. I'facyand Others. Changes in technology ana Labo,..- Requi,..-ewents in 
Cf'Op Product ion: Suga,..- Beets (Works Progress AdmInIstratIon. NatIonal Research 
ProJect, Report No. A-I. Aug. 1937). p. 37. 

33HacyaM Others. op. cit.. pp. 27-39, 
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slightly smaller than they would have been if the man-hours re
quired per ton of beets sliced in the factories had been used 

as the denominator because of the wastage and shrinkage which 

occurs before the beets are weighed for slicing. 

The yield per acre has increased over the period and this, in 
tu~n, has reduced the number of man-hours per ton of beets. At 

the same time the average hOUTS expended per acre in the cul

tivatioD, harvesting, and transporting of beets has been reduced. 

The combination of the two factors has brought about a reduction 

of over 20 percent in the agricultural man-hours required per 

ton of beets. In periods of low yield per acre, as in 1920-2q, 

the labor requirements may rise temporarily, even with the de

crease in the average hours per acre. This may be due either 

to various natural causes or to a shift in the proportion of 

production between areas with different yields peracre. It will 

be noticed that the average agricultural man-hours per ton of 

beets sliced are somewhat less than four times the total expended 

in the factories. 

Changing Technology in Raising SUf4r Beets.- A decrease inthe 

man-hours required to produce a ton of sugar beets may result 

from a reduction in total man-hours required to produce an acre 

of beets, or from an increase in the number of tons of beets 

yielded per acre. Yields are greatly affected by weather and 

moisture conditions and the presence or absence of disease and 

insect pests. Annual fluctuations in the yields per acre in the 

three geographical regions in the United States vary widely be

cause the agricultural conditions prevalent inane region may be 

entirely different from the conditions prevalent in the other two 

regions. There has been a slight upward trend for the United 

States throughout the period 1901-36. 34 In California, in recent 

years, there has been a decided increase in yields per acre. 

These increased yields for the country as a whole have resulted 

from (al improved methods of cultivation, (bl the planting of 

more fertile lands to sugar beets inCalifornia, (c) crop rotation, 

{d) improvements in fertilizers and an increase in their use, 

(el ridge planting, and (fl the development of sugar-beet seed 

with resistance to disease and insect pests. 

Among the reasons for the reduction in the man-hours required 

to grow and harvest an acre of sugar beets has been the reduction 

34See table A-l2. 
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in the number of Cllitivations and hand hoeings expended upon a 

beet crop. Since 1915 the mechanization of the growing of sugar 

beets has to some extent paralleled the mechanization of the 

raising of other agricultural crops. The tractor has been of 

paramoun t importance in this m.echaniza t ion for it has been applied 

effectively to the power operations in beet production. The 

tractor is able not only to draw larger equipment than a two

or fouf-horse team can but also to move a given distance in 

less time. 

Improved planting, cultivating, and plowing equipment have 

been designed to be drawn by improved tractor power. Mechanical 

blocking, introduced in some areas, requires fewer man-hours 

than blocking by hand. 

In t l'Je hall 1i ng of t he beets to t he factory, t rucks have been 

almost universally substituted for horses, with a great saving 
of labor. It should be pointed out in this connection that the 

use of the truck has made possible more distant hauls of beets; 
hence the area served by a given beet-sugar factory has been 

considerably enlarged, and the supply of beets increased. In some 

sections a machine for piling beets at the factory has been sub

stituted for hand piling. 35 

Aside from the role played by trucks in making it possible for 

an increased area of farm land to be served by a given beet-sugar 

factory, the improvements in the agricultural phases of the in
dustry have not been particularly associated with the decreased 
labor requirements that have taken place in the processing plants. 

It should be pointed out, however, that the beets furnished the 

factory by the farm are not always of the same quality from year 

to year:, as has been recognized in previous chapters of this 

report. It has been sh~n that labor requi rements per bag of 

sugar produced, although in general varying with labor require

ments per ton of beets sliced, vary inversely with sugar content. 

FactGry managers stress to farmers the necessity of striving 

for increased sugar content and on a sliding scale pay more for 

beets of a higher sugar content. Average sugar content for the 

United States was high between 1909 and 1918. fell off until 

1923, fluctuated erratically until 1930, and has been relatively 

high since that time, but the fluctuations in the three regions 

have varied widely about the fluctuations of the average sugar 

35MaCY and Othprs. op. cit., pp. 23-6. 
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content for the country as a whole. 3 $ The chief determinants 

of sugar content are (a) weather and other agricultural con

ditions; (b) careful blocking, thinning, and cultivation; and 

Icl selection of seed. 

There is still room for further improvements in the growing 

and harvesting of beets wi th the consequent increasing efficiency 

of utilization of agricultural labor. rhe introduction of trac

tors, for example, has been much more extensive in some areas 

than in others. Many small independent farmers in Colorado and 
elsewhere still use horse-drawn equipment. The introduction of 
tractors has been most extensive in those areas where beet growing 

is carried on on a large scale, as, for example, in California, 
where many more acres are planted per grower than in the other 

States, and least extensive ~n the dairy States where the average 
per grower is low. Mechanical blocking is a relatively new in

novation and has been introduced mainly in the States of Iowa 

and Minnesota, but even here only about ~o percent of the acres 

planted "'ere cross-blocked in 1932. The useof mechanical block

ing is limited in many areas where irrigation is carried on 

because of the ditches required for some types of irrigation. 

Mechanical harvesting machines are> being perfected which, if 

adopted, will entail major reductions in the number of man-hours 

used per acre in harvesting the beets. Hand work at harvest 

time now consumes a quarter or more of all the man-hours used in 

producing beets. 37 

Increased yields may be expected with future developments in 

irrigation practice, in the use of fertilizers, and in improved 

methods of cultivation. The development of disease- and insect

resistant varieties of beet seed has come about only within the 

last ~ or 5 years; their more extensive use and possibly further 

development are to be expected. 

~D-.OQf Ra'to. fat FUll C.nlum.d by B.al-Sugar Faclori •• 

The calculation of the man-hours embodied in the fuel consumed 

per ton of beets sliced in beet-sugar factories is based upon 
the computations used in chapter I138 for estimating the total 

volume of employment required to produce fuel for the industry. 

36See table A-12 tor the a.verage percentage sugar content or sugar beets in 
the United States, 1901 to 1935. 
3'7Ha.Cyand Others, op. cit .. pp. 25. 3'7. 
38 , See pp. 30-2 and table A-3. 
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The net tons of bi tuminous coal produced per man-hour in the 

United States since 1913 were .obtained from Mr. Yaworski's study 

of labor productivity in coal mining. 3Q The total number of 

tons of bituminous-coal equivalents required in beet-sugar plants 

were divided by the tons of coal produced per man-hour for each 

of the years in order to get a rough estimate of the total man

hours required in the production of bituminous-coal equivalents 
consumed by the industry. Total man-hours was then divided by 

the total quantities of beets sliced in the United States; the 

results are shown in table 24. Attention has been called in 

chapter II to the limitations of these data and the possibilities 

of error which are present in the methods used. 

1913 
1914 
1915 
1916 
1917 
1918 

1919 
1920 
1921 
1922 
1923 
1924 

Tabla 24.- PUEL MAN·HnURS PER TON OF BBBTS SLICED 
15\3·35' 

Year Man-hours Year Han-hours 

0.36 1925 0.27 
.34 1926 .27 
.33 1927 .26 
.33 1928 .27 
.33 1929 .25 
.32 1930 .23 

.31 1931 .22 

.30 1932 .23 

.28 1933 .24 

.28 1934 .25 

.27 1935 .24 

.26 

aTable A.-3, col. (10). See ten. 40. p. 117. 

The decrease in the man-hours utilized in the fuel industries 
per ton of beets sliced is the resultant of two factors: in

creasing fuel efficiency in the boilerhouse of the beet-sugar 

factory and increasing labor efficiency in the extraction of 

coal from the mines. With regard to the farner. our data for 

the years 1927 through 1935 reveal that the average efficiency 

in utilization of fuel in the boilerhouse of the plants surveyed 

39 
The ma.n-hours used as the basts for the series, net tons produced per man ... 

hour, were based on establIshed length of the work1ng day and are therefore 
subject to error 1nsofar as the establ1shed length of the work"'day Varied 
from the actual hours worked per day by the employees. 
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shows little change. 40 Data for individual plants, however, do 
reveal that more eff icient fuel utilizatioD has taken place in 

individual plants and that it is not unlikely that eft iciency in 

the utilization of fuel has increased inthe industry as a whole 
over a longer span of years. 

Maa-b •• r. EmbDdi.d la Machl.lry I •• Eq.,~ •• 1 

In estimating the labor embodied in the product ion of the 

equipment used in beet-sugar factories, we may measure either 

the labor utilized in producing the equipment installed in each 
respective year or the labor required to produce or to replace 

the machinery rrused Upll in the factory operations of each year. 

The first method we shall designate as the "annual-expenditures" 

method; the second, as the "depreciation" or Ittime-cost allo

cation" method. 

The annual-exvenditures method is appropriate for estimating 

those CUrrent labor opportunities in the capital-goods industry 

which are attributable to the beet-sugar industry J because for 

that purpose we are concerned not with how much machinery labor 

has been required in the past to produce the current sugar output 

but rather with how much labor is required to produce equipment 

in the current year, even though this equipment may be utilized 

in the factory operations for many years to Come. The annual 

expenditures for machinery and equipment in beet-sugar factories 

vary greatly from year to year because the replacements and ad

ditions necessary and financially feasible at any given time may 

be many or few. The result is a varying draft on the resources 

of the machinery-producing industry. 

But at this point we are concerned with the measurement of 

changing efficiency rather than with current changes in labor 

opportunities in the machinery industry, and for this purpose 

the depreCiation or time-cost allocation method is appropriate. 

We desire to estimate how much labor has been required, either 

in the past or currently, to produce the sugar Olltput of the 

specified year. 

In thiseffortwemeet the usual difficulties of cost allocation, 

plus the problem of translating dollar ·costs into labor-time 

40Beeause of lack or data the average amount of coal requ1red per t.on of beets 
sliced for the years 1927-35 was used for the years previous to 1927 in the 
calculat10ns in table A-3. This probably Underestimates the amount of fuel 
used during these years (see p. 30). 
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costs. In estimating such historical time-costs three possible 
procedures may be followed: la) Conceivably we might ascertain 

the labor time embodied in each piece of equipment, its date of 
installation, and its probable useful life. Then by spreading 

the embodied labor over the useful life and summating these esti
mates we would get a total to be charged to the output of each 

year. -.e have not foundit feasible to apply this method. Ib) We 

may assume that a reasonable estimate of the value of the machinery 

and equipment needed annually to maintain the plant is furnished 

by the juigment of executives as reflected in the accounting 
records of annual charges for depreciation. (c) We may estimate 

the embodied labor item by calculating annual depreciation from 
the book record of gross investment in equipment and an estimate 
of the average useful life of equipment. Gross investment rep
resents original cost less retirements. In table 25 we present 
two estimates, one based upCln accounting records of depreciation 
charges and another based upon gross investment in equipment. 

Ta.l. 25.- MACHINERY MAN-HOURS PER TON OF BEETS SLICED, 1917-35 

Year 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1034 
1935 

Avg. (t:.nwei gh ted) 

arable B-U~. coL (5). 
bTable tJ-20. coL (6). 

Man-hours 

Depreciation 
charges& 

0.43 
.47 
.42 
.36 
.49 

.62 

.54 

.65 

.53 

.50 

based on -

Gross 
investmentb 

0.43 
.51 
.47 
.41 
.47 

.50 

.41 

.78 

.63 

.51 

Data for annual depreciation charges were available for 27 

factories for the years 1927-3$. The embodied labor represented 

by these annual depreciation charges was assumed to be equal to 

the dollar value multiplied by the current man-hours required in 

the machinery industry per dollar expended for machines in the 
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beet-sugar industry. This total of man-hours embodied in machinery 

was then divided by the total tonnage of beets sliced in the 27 

plants for the years 1927-35 to obtain the man-hour ratio of labor 

embodied in machinery per ton of beets sliced. It should be noted 

that some beet-sugar companies make their annual depreciation 

charges proportionate to annual output; this is one of the causes 

of fluctuations in the annual depreciation charges. 

The fluctuations of embodied man-hours resulting from year
to-year fluctuations in the annualdepreciation charges are elimi

nated if the annual value of machinery required to maintain 

the 27 plants is computed by taking the gross investment in the 

plant equipment for each year multiplied by a fixed rate of de

preciation. The rate selected for this purpose was based on 21.3 

years as the average life of sugar machinery, which is considered 

typical of the industry. The conversion factor used for the 

purpose of estimating the embodied man-hours was the unweighted 
average of the annual figures of man-hours per dollar value of 

machinery for the years 1920 to and including the year in question. 

The first of these two methods is the estimated labor that would 

be necessary to keep the equipment of the industry undepreciated. 

It is the amount of labor that would be required if the deprecia

tion fund w~re reinvested each year in machinery and equipment. 
The second method is an attempt to measure the labor that has 

been embodied in the machinery in the past, allocating that labor 

over the years of the life of the machinery. 

The two series representing the man-hours chargeable to ma

chinery which is wearing out each year are presented in table 25. 

Both fluctuate, as would be expected, with the tons of beets 

sliced. It will be noticed that average man-hours chargeable 

to machinery over the period calculated by either of the two 

methods is approximately .50 man-hours, which is about 25 percent 

of the average total campaign and intercampaign 

per ton of beets sliced for the same period. 

high degree of mechanization in the industry. 

factory man-hours 

This reflects the 

Labor in machinery 

tends to be an increasing proportion as the factory man-hour 

ratio declines from 1928 to 1935. 

Changing Unit Labor Requlr.mlnt. in Tran.porting 
and Distributing Sugar 

Complete analysis of the changing man-hours per unit of output 

in the vertical structure of the beet-sugar industry as defined 
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in chapter I would require the presentationaf unit labor require

ments in the transportation and distribution of products. Un

fortunately, the necessary data afe not available. It should 

be noted in this connection,' however, that the technological 

changes associated with changing labor requirements in the four 

vertical segments of the industry already presented have in no 
way been associated. so far as. can be ascertained, with changes 
tending to increase or decrease uDi t labor requirements in the 

transportation and distribution of sugar. 

Summary oj Unit Labor RlqulnmaDta 10. V.rtleal 
Sigmanis of th Induatry 

In chapter II an at tempt "as made to estimate the total rnan

hours of labor expended in four vertical segments of the industry. 

These were presented in figures together ~ith the total tons of 

beets sliced each year. It was evident that while the tons of 

beets sliced showed an upward movement over the period, the man

hours of the various segments e~ther showed downward movements 

or remained fairly stable. No attempt was made in that chapter 

to measure the labor requirements per ton of beets sliced for 

these segments of the integrated industry. In table 26the esti

mated man-hours for the selected periods taken from table 8 in 

chapter II have been divided by the tons of beets sliced in the 

Uni ted Sta tes to obtain an average man-hour ratio for, each period. 

Tobl. 26.- MAN-HOURS PER TON OF BEETS SLICED FOR THREE VERTICAL 
SEGMENTS OF THE BEET-SUBAR INDUSTRY, 1917-35" 

Growing and Fuel 
Period Total transportation Processing ( for factories) 

of beets 

( 1) 121 131 141 

1917 18.88 13.36 5. 19 0.33 

1920-24 16.24 12.15 3.81 .28 

1928-32 11. 51 9.03 2.24 .24 

1934-35 12.08 9.51 2.33 .24 

&ComDuted from data 1n table A-5 and table A-t, col. (2). 

The total man-hours per ton of beets sliced for these three 

segments of the industry must not be looked upon as in any way 
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an approximation of the total for the integrated industry. Bsti

mates for the important segment of railroad transportation, for 
building and repair of structures, for equipment, as well as for 
many minor segments, are lacking. Data for the machinery segment 

are not included because the appropriate data, as given in table 

26, cover only the years 1927-35. Likewise, the man-hour ratios 
for the factories do not include the central- or campaign-office 

hours, for the reason that they were available only for the years 

1928-35. An estimate might have been made. The amount added 

would probably have increased the man-houf ratios for the proc
essing plants by .14-.20 man-hours, or by 5 to 6 percent, and 

the total man-hours for the three segments by little more than 

1 percent. The man-honr ratiosdo inclUde, however, an estimate 

for the ,intercampaign man-hours for the years 1917-35 based on 
data for all reporting plants for the years 1928-35 and supple

mented by census employment data for the earlier years. This 

estimate was attempted because of the fact that the campaign 

man-hours average about one-third or more of the total labor used 

in the plants and because of the fluctuating nature of this series 

of man-hours. It is evident that the parts of the industry for 

which data are available are characterized by a reduction in 

hours per unit of output and that over the period from 1917 to 

1934-35 this reduction has amounted to about 36 percent. This 

reduction in labor requirements per unit of output has probably 

come about as a result of the competition with the cane-sugar 

industry which made necessary a reduction in costs if the beet

sugar producers were to continue to supply 20 percent of the 

American market as they had done in 1920. The growth which took 

place in the domestic beet-sugar industry was no doubt made pos

sible, in parI, by this reduction in costs. 

It must not be inferred, however, that it was a reduction in 

labor costs alone which improved the competitive condi tion of the 

industry. It is necessary to examine the nature of the costs in 

the industry to determine the role which they have played in the , 
changes which have taken place. 

ANALYSIS OF COSTS 

An analysis was made of the costs of production of groups of 

plants in the years 1922 and 1929 to see what additional light 

could be thrown on technological changes in the industry and 
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their effects upon employment.'t.1 The outstanding characteristics 

of the cost of production of beet sugar are the relatively small 

importance of labor costs in the costs of production and the 

relatively great importance of the cost of beets. Labor was 

only 6 percent of the total costs including interest, while the 
cost of beets at the factory averaged 60 percent of total costs 
for the 2 years surveyed. This serves to corroborate what was 

pointed out in chapter III, that the cost of beets tends to be 

the limiting factor in the supply of beet sugar. Moreover, 

between the campaigns of 1922 and 1929 the cost of the beets, in

cluding transportation and receiving costs, increased from 55 per

cent of the total to 6~ percent. The factory burden, in which 

depreciation is the major cost, was 8 percent of the total costs 

in 1922 and 7 percent in 1929; while interest charges, which 

included imputed interest on owners I equity, decreased from 1q 

percent in 1922 to 9 percent in 1929. 42 Inasmuch as 1922 was a 

year in which production was abnormally low, while the year 1929 

was a year in which production was more in line with the normal 
trend, it is difficult to compare the fixed charges for the 

2 years. It is obvious that the fixed charges will tend to be 

relatively higher in a year of low production than in a year 

of normal production. The variable costs were approximately 

90 percent of the total costs of production excluding interest in 

1929. It is evident that unless the sales can be made to cover 

these costs with some margin, a factory will not be operated. 

Because of the relatively large capital investment per plant, 

which amounted to 2 million dollars in 1929,43 it might have 

seemed expedient to run the plants for a long campaign period 

in order to spread the capital costs over a larger output. This, 

however, has proved wasteful of the expensive raw materials. 

The alternative which the industry has adopted is to increase 

the output of the plants by speeding up the campaign, that is, 

by slicing more bee,ts per day. 

In order to determine the relationship between elements of 

cost and ,capacity the plantswereclassified into four groupings 

41The analysis ot the cost ot produc1ng beet sugar 1n the Un1 ted States Is 
based on ~ata secure~ trom the U. S. Tar1tr Comm1ssion. These data are tor 
the campa1gn years 1922 an~ 1929. For the campa1gn year 1922. the 69 plants 
sur:-veyed handled 89 percent ot the beet-sugar crop. Suear: Report of the 
Unl,ted States Tad!! COlI_iss ion to the President of the United states (U. S. 
Tar i rt Com.. 1926). 66 plants were surveyed by the Tar I tt Commiss 1 on in 
the year 1Q2Q wlth a production 50 percent greater than that or the 69 plants 
In 1922. See tables B-21 to B-24 tor summarIzed coat data trom the Tar1U 
COllUll.Isslon. 
42See table B-21-

43Estlmate based on cost data furnished by the U. 8. Tarttt COmmission. 
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with a daily slicing capacity of less than 1,100 tons of beets, 
1,100 to 1,399 tons, 1,~OO to 1,699 tons, and 1,700 tons and 

over respectively.44 When costs were stated per loo-pound bag 

of sugar, the 12 plants in the largest-capacity group in 1929 had 

not only the lowest total costs of production but the lowest 

costs in almost every category of costs including interest and 

depreciation and labor; and the smallest-capacity group, including 

13 plants, had the highest costs in 1929, except for raw mater

ials. As for the other two capacity groups, there was no marked 

advantage of one over the other in respect to cost. When the 

size of the plants is compared for the 2 years 1922 and 1929, a 

decided shifting of plants from the lower-capacity groups into 

the higher-capacity groups is observed. In 1922, of ~9 plants, 

26 were in the smallest-capacity class, 13 in the next, 2 in 

the third, and 8 in the largest. For the same groups of plants 

these numbers changed to 13. 11, 13, and 12, respectively, in 

each of the four classes by 1929. 

In order to determine the relationship between efficient uti
lization of labor and the unit cost of production, 30 identical 

plants were classified by capacity for the years 1922 and 1929 

into two groups, thosewith a capacity of less than 1,250 tons and 

those with a capacity of 1,250 tons or more, and then were sub

classified according to whether their campaign labor-requirement 

ratios per ton of beets sliced were below 2.00 man-hours per ton 

of beets sliced or were 2.00 man-hours or more in 1922 and ac

cording to whether these ratios were below 1.70 or were 1.70 or 

more in 1929. 45 It was found that in 1929 labor costs per 100-

pound bag of sugar were least in the large plants with low labor 

requirements and next in the small plants with low labor require

ments. In 1922 these two efficient groups also show the lowest 

labor costs. Manufacturing costs including labor, repairs, main

tenance, supplies, and materials other than raw materials were 

least in each year in these same two groups of plants. Interest, 

deprec iat ion, and administrat ion cos ts tended to be smallest in the 

large plants, with the exception of the large inefficient plants 

in 1929 (with labor-reCluirement ratios 1.70 and above J, which had 

higher costs for interest and depreciation than the small efficient 

plants. From this it would seemthat while size is an important 

factor in lowering costs, labor productivity is even more im-

44See table 8-22. 
45See table 8-23. 
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portant. Efficient use of labor is an accompaniment of effi

cient use of plant facilities and equipment. 

When plants are divided into two geographical groups, the 

eastern and the western, it is found that the eastern group has 
higher total costs per lOa-pound bag of sugar than the western 

group and pays more per loa-pound bag of sugar for its labor, 

for its beets, and also for taxes. 4e This must not be inter

preted to mean that rates of wages are necessarily higher; in 

fact they might even be lower considering the fact that labor 

requirements perunit of output are higher in the eastern plants. 

Likewise it may not reflect accurately the relative prices per 

ton paid to the farmers for beets or the relative tax rates in 
the two areas. These higher costs per unit of output are one 

reason why so many plants in the eas tern group found it imposs ible 

to keep open during the years 1925-30. 

These facts in regard tocosts would seem to indicate (al that 

relatively large capacity and daily slicing is an important ele

ment in reduction of costs, (b) that there is a trend toward 

larger capacity on the part of all plants, as has been noted 

earlier, and (c) that the increase in capacity is, in a large 

part, the result of more-efficient use of machinery and equipment 

rather than extensive installations of new equipment, since the 

charges for depreciation and interest per loa-pound bag of sugar 

tend to decrease as capacity increases. As has been pointed out 

in a previous section, this has probably come about through a 

speeding up of the processes by eliminating IIbottle necks!! in the 

f low of materials and also by using electrical control mechanisms 

in place of human control. The lower labor costs associated with 

the increased capacity are doubtless the accompaniment of these 
changes which result in more production for the same amount of 

labor and, therefore, in lower labor-requirement ratios. Thus, 

increased operating capacity tends to be brought about by more

efficient use of equ'ipment, materials, and labor. 

. When we turn to a consideration of the relation between the 

t rend in product ion of beet sugar and the trend in unit costs, 

the necessary information for the correlation between these two 

variables is not available, but from the facts at hand certain 

conclusions may be drawn. As was brought out in chapter III, 

the cost of production of beet sugar is higher than that of 

Cuban cane sugar so that even with the tariff against her Cuba 

46See table 8-24. 
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was able to supply from 40 to 50 percent or more of the market 

during most of the years from 1900 to 1930. The revolutionary 

changes in the technology of production which mechanized the 

processing of sugar beets took place, as was pointed out in an 

earlier section of this chapter, during the period from 1900 to 
1913. Coincident with these changes in technology, production 

of beet sugar increased ninefold, beets sliced increased seven
fold, and average employment in the factories, fourfold. At 

the same time beet-sugar processors increased their percentage 

of the American sugar market from less than 8 percent to more 

than 16 percent. It seems evident from these facts that the 

improvement which took place in technology was accompanied by 

a very significant reduction in the factory-man-hour ratio and 

a reduct ion in the cost of beets, as well as other costs. per 

unit of output in the individual factories. That this took place 

during a period of relatively stable prices of both sugar and 

sugar beets does not alter the presumption of reduced costs. 

The effect of lowering costs in the protected part of an industry, 

such as the sugar industry, where a large proportion of the prod

uct is produced outside of the protected areas, W'ill be seen 

in an increase in the proportion of the market supplied by the 

protected areas rather than in a lowering of price. It is prob

able then that the reduction in costs per unit of output W'as an 

important factor in enabling a larger proportion of the American 

market to be supplied by beet sugar than would have been possible 

without these changes. The result of this, as has been mentioned 

in chapter III, was to bring into the industry an increasing 

number 0f workers during this period, both for work in the beet 

fields and in the factories. 

The expansion of the industry can tinued wi t h some interruption 

until 1921, when beet sugar was supplying 23 percent of the 

American market, but it seems likely that the great increase in 

prices of sugar and certain changes in demand coincident wi th 

war and post-war disturbances were the important factors at this 

time in bringing about an increased quanti ty of production and an 

increase in the proportion of the market supplied by beet sugar. 

From 1923 to 1930 the price of sugar fell, while beet prices 

and other farm prices remained relatively stable. This is re

flected in the change in the percentage cost of beets per 100 

pounds of sugar, which increased from 55 percent to 64 percent 

of the total costs between the years 1923 and 1930, as shown in 



126 BEET SUGAR 

table B-21. During this period Cuban cane sugar was supplying 
from 47 to 58 percent of the market while beet sugar fell to as 
low as 11.1-.7 percent in 2 years and fluctuated between that and 

18.7 percent the rest of the time. The cost figures discussed 

above and the facts disclosed by the NRP-NBER field survey seem 

to indicate that the attention given to increasing the efficient 

organization of the factories and the resulting decrease in costs 

enabled a larger proportion of the industry to maintain production 

than would otherwise have been possible under these conditions 

of severe competition, while the relatively high cost of beets 
was an important factor in the much slower rate of increase of 

production in these years. 

After 1930 the price ot beets fell relatively more than the 

price of refined sugar and less than the prices of other farm 

products. As pointed out elsewhere, these changes, favorable 

to an increased production, were accompanied by an increase in 

the dutyon Cuban sugar. An increase in production of beet sugar 

followed so that by 1933 the industry was again supplying 22 per

cent of the market. 

The limi ting factor determining the amount of the production 

and employment in the beet-sugar industry seems to have been 

generally the relative cost of sugar beets, but under 'conditions 
of relatively stable prices the factor of technology has probably 

been important in lowering costs and therefore in increasing 

production or in preventing declining production. Moreover, this 

factor in costs is important in determining 

producers will be able to stay in the market. 

which beet-sugar 

For example, the 

relativelY greater increases in production in California since 

1932 and in the western area during the period from 1918 to 1932 
were probably due to reduction in costs brought about by improved 

technology, increased capacity, and more-efficient organization 
in the factories and in the production of beets. 

Since production of beet sugar under the quota system has fallen 

far short of the allotment each year, it is possible that the 

abili ty to reduce costs may still determine to a large extent 

whether the beet-sugar processors in this country will be able 
to fill their quota of 23 percent of the consumption demand. 

PROPORTIONINB THE FACTDRS OF PRODUCTION 

The question naturallY arises as to whether the proportions 

of the different factors of production are changing, that is, 
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whether more or less labor or more or less machinery is being 

used. Is there any evidence that more machinery in proportion 

to the labor or more machinery in proportion to the output is 

being used? It is well to recognize at this point the diffi

culties in the way of any satisfactory answer to either of these 

questions. Although we have physical units in which we can 

measure both labor and output, there are no satisfactory physical 

units in which we can measure machinery. Moreover, even if we 

assume that the priceS" of machinery have not changed over the 

period and therefore that the dollar value is a satisfactory 

measure of the qllantityofmachinery, how are we to add together 

machinery in different stages of depreciation? This attempt 

to find physical units inwhich to measure these factors assumes 

an engineering conception of the idea of proportioning the factors 

of production and is primarily concerned with determining any 

change in the degree of mechanization. There is, of course, 

the business idea of proportioning the factors, which would con

cern itself with the relative dollar costsof labor and machinery. 

But the 2 years forwhich cost data are available are years that 

are Dot comparable because one is a year of relatively low and 

the other of relatively high output. This of itself would affect 

the relation between variable and fixed costs. These difficulties 

which have rendered the results of our investigation of the pro

portioning of the factors of production rather inconclusive should 

be kept in mind in the following discussion. 

It is difficult to find 2 or more years which can be used for 

the purpose of determining whether the proportion of machinery 

to output is changing, since the machinery per unit of output 

is a function of output and fluctuates inversely with thechanging 

production. Year-to-year changes in production, as we have seen, 

have been very marked since 1919_ For the purpose of this com

parison 2 years of high output have been chosen. It is well 

known that the beet-sugar companies are accustomed to preparing 

the machinery and equipment in advance of the year's campaign. 

This must bedone on the expectation of a given tonnage of beets; 

this expectation is based on their contracts with the sugar-beet 

growers in regard to acreage and their experience in regard to 

previous yields per acre. It was assumed that the years in which 

the proportioning of machinery and labor would correspond most 

closely to their planning would be those of high production since 

any additional equipment or machinery installed in those years 
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would be in view of such expectations.~7 The years chosen were 
1927 and 1933. Two methods were used for computing the value 

of machinery and equipment - the gross value of machinery and 

equipment and the net value of machinery and equipment after 

depreciation. While the two methods give, as might be expected, 

different absolute values, they both give evidence of the fact 

that the value of machinery and equipment per ton of beets sliced 

decreased from 1927 to 1933. 

Between 1927 and 1933 the net value of the machi nery48 per ton 

of beets sliced in the 27 plants for which data were available 

decreased from $6.99 to $~. ~2. but this decrease migh t have been 

expected for factories whose annual depreciation on machinery 

and equipment was greater than the annual expenditures for it. 

The gross value of the machinery per ton of beets sliced, how

ever, also decreased , falling from $9.91 tO$9.33. Thus, despite 

an expenditure of 823 thousand dollars for machinery and equip

ment in 1933, which waS' a marked increase over any previous year 

since 1925, the unit output per dollar of gross investment was 

more in 1933 than in 1927. 

When we turn to a consideration of the changes in the propor

tioning of the factors of capital equipment and labor, we find, 

as might be expected from the previous discussion, that the gross 

value of the investment in machinery and equipment per man-hour 

of labor increased between the years 1927 and 1933. The average 

increase was from $6.16 to $7.~7 for the 27 plants for which 

data were available. Also a comparison of the man-hours of labor 

per ton of beets sliced embodied in machinery (table 25) with 

the man-hours of factory labor per ton of beets sliced (table 21) 

reveals an increasing proportion of man-hours embodied in machin

ery to those used in the factory during this same period. 

These shifts in the proportioning of the factors of production 

to less machinery per unit of output and less labor in proport ion 

to the machinery have come about in large part through a better 

organization of the facilities of production resulting ina better 

{low of materials through the plants and thus a more efficient 

use of both machinery and labor, coupled, to be sure, with some 

displacement of labor by labor-saving devices. Hence, if we 

47 In a year of small y1eld following these years. the total equipment might 
well be larger than would have been available it installat10n were dependent 
on the Judgment of tbe executives witb respect only to tbe needs tor sucb a 
year. 
48Th1s is the net value asdeterm1ned by the aCCOUnting practices ot the beet
sugar companIes, Using the1r deductions tor depreciation. 



CHANGING UNIT LABOR REQUIREMENTS 129 

speak of the factors of production as management, labor, and 

capi tal, it seems evident that the efforts of management have 

resulted in more-efficient use of the other two factors of pro
duction so that. with no change in investment in machinery and 

equipment and with no additional utilization of labor, it has 

been possible to increase the output or to increase the output 

more than the proportional increase in the labor and machinery. 

S_RY 

During the 20 years covered by OUf survey the beet-sugar indus

try in this country has steadily improved its e!l.llipment, the 

daily capacity of its factories, the functioning of the factory 
organization, the flow of beets to the factories, the iluali ty 

and sugar content of the beets, the yield of beets per acre, and 

the mechanical equipment used by the farmer. All of this has 

resulted in a steady decrease in the man-hours per ton of beets 

sliced and per loo-pound bag of sugar produced. 

Increased average yearly production in the factory and increased 

acreage and sugar content of the beets has resulted in a decrease 

in the man-honrs per unit of output. Instances of the introduc

tion of machinery which has displaced labor have been reported, 

but even here probably the primary purpose of the installation 
was to improve the flow of materials, or to improve the product, 

or to increase production. 

That all parts of the industry have taken part in this improve-

ment has been evident. While regional shifts, such as an increase 

in the relative importance of the western area, have been a 

factor in the reduction of man-hour requirements both in the 

raising of beets and in the processing, the improvement in all 

agricultural areas and in all plants has been characteristic of 

the industry. In the factory, low man-hour ratios are associated 

with low manUfacturing costs and with efficient use of capital 

equipment or low costs for capital. 

The years 1933 to 1935 are an except ion to the general declining 

movement in the man-hour ratios. That the drollght must have 

been an important factor in bringing this about seems evident , 
but the unusual conditions existing make it impossible to eval_ 

uate the effects of other factors, such as the ~uota system and 

the change to 8-hour shifts for the campaign labor, during this 

period. Whether a change has taken place in the downward movement 
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of the man-hour ratios or whether these higher average ratios 

are due to unusual weather conditions it is impossible to say 

wi th the data at hand. The question of the effects of the changes 

in the unit labor requirements upon the displacement and reabsorp

tion of labor will receive more attention in the next chapter. 



CHAPTER V 

ABSORPTION AND DISPLACEMENT OF LABOR IN THE 
BEET-SUGAR INDUSTRY 

That employment in the beet-sugar industry was expanding up 

to 1920after which there were evidences of declining tendencies, 

interrupted by rather marked year-ta-year fluctuations, has been 

made clear in earlier chapters, together with the economic causes 

related to these changes in employment. Also, much attention 

has been given to measuring changes in the efficiency of the 

utilization of labor which are related to changes in employment. 

In this chapter, attention will be centered more directly on the 

main purpose of this study, which was to analyze and measure where 

possible the tendencies toward displacement and absorption of 

labor in the indus try wi t h spec ial reference to pres en t condi t ions. 

EFFECT OF MACHINERY INSTALLATIONS 

In the discussions in the previous chapters attention has been 

called to the fact that the man-hour ratio declined as a result 

of the installat ion of labor-saving machinery on the one hand 

and the more efficient use of labor and machinery on the other. 

As a measure or indication of the effects on employment of spe

cific installations of machinery the effect of the introduction 

during 1922-35 of 155 units of equipment in 26 factories has 

been studied. (See table B-25.J This study revealed that of 

the 155 units installed in26 plants, 60, or 39 percent, of them 

displaced labor; 30, or 19 percent, added men; and 65, or 42 

percent, brought no change in employment. Of the 198menaffected 

(net) per shift by these installations, 34, or 17 percent, were 

added and 16~, or 83 percent, were displaced. 

Further analysis shows that of the 16~ men who were displaced, 

~9, or 30 percent, were employed on unskilled hand labor, and 

lIS, or 70 percent, were ski lIed or semiski lIed mach ine opera tors. 

Fifty, or 83 percent, of the total of 60 uni ts installed in which 

the consequence was a displacement of labor affec ted skilled 

operators, while 10 units, or 17 percent, affected unskilled or 

hand labor. It may be inferred that in consequence of capital 

expenditures for equipment used in the production processes, a 

131 
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displacement of skilled, and to a lesser extent of unskilled, 

labor has occurred in the factory. 

The total sales value of the 155 machines was $63'1,567, repre

senting approximately 591 thousand man-hours of embodied labor, 
an average of 402,000 man-hours per year or approximately 18 mao

years of labor. In the factories 164 men per shift were dis

placed during this period and 3'1 men per shift added. Since 

the number of men is given per shift, it means that from two to 
three times as many men were displaced or added as stated in 

table B-25. Before 1933when most of the factories ran two shifts 

of 12 hours each, two men were displaced for every jobeliminated 

by a machine, while since then with three 8-hour shifts three 

men have been displaced for every job eliminated. 

It will be noticed that the installation of some of these 

machines was associated wi th an addition to the labor force. 

This addition may oemay Dot have been accompanied by an increase 

in the total campaign man-hours of employment in these factories. 

It is probable that the purpose of the installation of the mach

inery was to increase the daily slicing capacity; in this case 

the length of the campaign would be shortened as a consequence 

of the installation unless there was also an increased production. 
Since increased daily slicing capacity in the industry tends to 

be associated with a shortening of the campaign, it is likely 

that these apparent additions to the employment of labor in 

reality resulted in reductions in the total annual man-hours 

utilized. 

While the immediate and obvious effect of the installation 

of machinery seems to be to displace labor, such a conclusion 

may not be warranted when all facts are considered. If the in

stallation of machinery reduces costs of production and as a 

result of this decrease in costs makes possible a large produc

tion, it can be said to be a factor of reabsorption rather than 

displacement. Any factor tending to increase production even 

though employees are displaced in the plants brings about at 

the same time an increase in employment in the beet fields due 

to the greater demand for beets. In the history of the beet

sugar industry it is probable that the great advance in tech

nology which has taken place since 1890 has been an important 

factor tending toward absorption of labor during the period from 

1890 to 1913 and helping to prevent displacement since 1920. 
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CHANGES IN UTILIZATION OF LABOR ASSOCIATED WITH CHANGES 
IN PRODUCTION AND PRODUCTIVITY 

It is evident that during the history of the beet-sugar industry 

in this country the man-hours required to produce a loo-pound 

bag of sugar or to produce the sugar from a ton of beets has 

been steadily decreasing. The field study has made possible a 

measurement of the year-ta-year changes in labor requirements 

from 1917 to 1935. During this period the labor requirements 

for 31 identical plants decreased from 2.78 man-hours per ton 

of beets sliced to 1.35 man-hours per ton of beets sliced. As 

has been seen, the reduction in unit labor requirements comes 

about, in part, through the installation of machinery which 

requires additional man-hours for its production. In analyzing 
the changes in the use of labor related to technological change 

there should be considered not only changes in the man-hours of 

labor in the plants due to changes in production and to changes 

in productivity, that is, in the unit labor requirements, but 

also changes in labor utilized in the machinery industry due to 

an increase or a decrease in expenditures for machinery and 

equipment. 

Table B-26 presents the changes in the use of labor associated 

with these three types of change for the 31 identical plants for 

the years 1917-35. In 120f the 18 years from 1917 to 1935 there 

was an increase in production over the previous year and hence 

a tendency toward increased total labor requirements, but in 

all of these 12 years except 1932 there was a decrease in the 

unit labor requirements. The net result, however, not including 

changes in employment embodied in machinery, was an increase in 

total labor requirements in 9 out of the 12 years of increased 

production and a decrease in 3 of these years. In 3 of the 6 

years in which production declined there was an increase in the 

man-hour ratio, but only in 1918 was the increase in the man-hour 

ratio sufficient to compensate for the decreased production. 

Hence, in 10 out of 18 years the absorption of labor more than 

balanced the d i? placemen t in these 31 plan ts, and in 8 years more 

labor was displaced than reabsorbed. 

The year-to-year changes in the labor requirements per ton of 

beets sliced are becoming smaller, both absolutely and relat ively; 

the largest reduction was in 1921 when the Change was -.51 man

hours; in 1926 it was -.30; and in 1930 and 1933 it was -.15. 
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This may indicate that in the future an absOrption of labor due 

to increased production is not likely to be offset by displace

ment due to a decrease in the man-hour ratio. The 3 years in 

which increased production Was accompanied by a net displacement 
of labor were 1919, 1921, and 1926, when the changes in the unit 

labor-requirement ratiosW'~re --35, -.51, and -.30 respectively. 

These were also years immediately following or accompanying large 

investments in machinery and equipment. When year-ta-year changes 
in the man-hours required to manufacture t he machinery are added, 
there is little change in direction. In 10 of the 18 years there 

was a net increase in the use of labor, but over the period there 

has been an average yearly net decrease of 250 thousand man-hours 

per year in the beet-sugar factories and the machinery industry. 

This is equivalent to ~.2 percent of the average employment of 

cam?aign labor in the plants. Approximately one-third of this. 

however, is labor displaced in the machinery industry largely 

because of the very great investments in machinery and equipment 

in the early years of this period. The net displacement in the 

plan ts averages, therefore, about 2..7 percent of the average 

campaign employment in the plants. Attention should b. called 

to the fact that the labor here considered in the beet-sugar 

factories is only campaign labor. It is not likely that the 

inclusion of intercampaign and off ice labor, however, would 

materially alter the conclusion. 

The years covered by this survey have been years in which the 

demand for labor was far from stable. The larger fluctuations 

in the demand for labor are caused primarily by fluctuations 

in production rather than by changes in the man-hour ratio. The 

large decreases in the man-hour rat io have come in years of 

increasing production, with the result that the increased pro
duction offset wholly or in part the tendency toward displacement 

of labor due to increased productivity. 

The year-to-year net changes in utilization of labor have been 

relatively large. In 193~. the year when beet-sugar crops were 

seriously affected by the drought. there were 3S percent fewer 

campaign man-hours utilized in the 31 plants than in 1933. and 

in 1928, 18 percent less than in 1927; in 1923 there was an 

increase Of21 percent over 1922; but in 1922 there was a decrease 

of 28 percent over 1921. 
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During the period of rapid growth of the industry up to 1920 

it is evident that the factories and sugar-beet farms were ab

sorbing more and more labor even though there were years in 
which there was net displacement due to temporarily lessened 
production. After this period of growth, however, the displace

ment of labor in terms of man-hours of employment tended to be 

greater than the absorption. In the 31 plants the increase in 

the demand for labor, due to a 28-percent increase in production 
between 1920 and 1933, was insufficient to offset the displace
ment due to the decrease in the man-hour ratio. 

Even in the beet fields the absorption of labor due to an 

increase in production has been offset by improvements in the 
method of growing sugar beets and by increased mechanization. 
It is likely that further improvement will take place in the 

culture of beets and in the mechanization of farming, since 
experimentat ion is going on in the raising of beets and since 
the use of tractors and trucks in the place of horse-drawn 

implements and wagons has not been generally adopted in all 

areas. The mechanization of the processes of blocking, hoeing, 
and topping the beets will probably depend upon the cos t and 

continued availability of the transient labor. It the labor 
provisions of the Sugar Act are made effective, which provide 

that benefit payments to the famers are conditional on the 

farmers paying fair and reaaonable wages to their laborers and 

also on their eliminating child labor, then the cost of labor 

is likely to rise, and there will be a decided stimulus toward 

mechanization of these operations. Harvesting and blocking 

machines, already perfected, may then displace some of this 

hand labor. 

SEASONALITY AND INCOME 

It is pertinent to note that even if there were no fluctuations 

in employment such as those we have just ascribed to fluctuations 

in the net effects of changes in the total volume of production 

and in efficiency, there would still remain the serious problems 

arising from the seasonal nature of the industry. Transient 

labor in the beet fields has come about as a result of the season
ality of the work and t.he fact that it was a type of work not 

attractive to the average farm worker. Incomes from this seasonal 
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work are not sufficient for a year's living, and yet other oppor

tunities for work are often lacking. 1 Likewise in the beet-sugar 

factories the problem of seasonality is present. From 3 to l.j. 

thousand workers have employment in the plants throughout the 

year; the remainder, 22 thousand, more or less, have employment 
for a period averaging about 7odays, or 560 houfsofemployment, 

bringing in an average income of about $225. Obviously the income 

from this employment can only be considered as supplementary 

to other income. 

FUTURE EHPLDYMENT IN THE INDUSTRY 

The question naturally arises of the future prospects for 

employment in the beet-sugar industry. Under the new Sugar Act 
which the President signed in September 1937 the then-existing 

quota system has been extended until 19q.O. Since beyond that 

date the guideposts for any estimate of future production in 

the industry disappear, the campaign year 1939-40 has been chosen 

as a year for which an estimate might be made. It is assumed 

that by that year the beet-sugar industry may be able to fill 

the quota of 1,~87 thousand tons of sugar {1,591 thousand tons, 

raw value I set by the Secretary of Agriculture for the calendar 

year 1938 (production of the 1937-38 campaignl. 2 This seems 

possible since this amouRt was exceeded in the year 1933-34, 

but in no other year has production been above 1,357 thousand 

tons. 

In the 1935-36 campaign year, the last year which the field 

study covers, there were 7,.745 thousand tons of beets sliced 

and 1,186 thousand tons of sugar produced with an expend i t ure 

of 11.8 million campaign man-hours by 25 thousand men working 

on the average 59 campaign days. These figures on employment, 

which are exclusive of intercaI'lpaign and office labor, are es

t ima ted on the assumpt ion t ha t the average rate of 1.52 man-hours 

per ton of beets sliced, which is the weighted average for the 

plant.s in the field study, is a reasonable estimate for the average 

for the United States and on the basis of the average length of 

campaign for the plants in the sample. 

lW. Lewis AbbOtt. Repo1't fo1' the Coalllittee on Labo1' Conditions in the Gn)1JJing 
of Suga1' Beets (Washington. D. C.: mlmeo., Mar. 1934). 
2suga1' ConsuaNion Requi1'eaents and Quotas t01' the Ca~enda,.. fea1' 1938 (U. S. 
Dept. Agr .• Agricultural Adjustment AdmInIstration, General Sugar QUota Regu
lations, Series 5. NO.1. Dec. 20. 1937). 
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In order to produce 1,~87 thousand tons of sugar it will be 

necessary to slice approximately 9,700 thousand tons of beets. 
If the same rate of improvement persists in the man-hour ratio 

that has been evident during the Lj. years preceding 1935, as 

shown by the chained aggregative index, then the man-hour ratio 
will decrease approximately 6 percent to 1.Q3 man-hours per ton 
of beets sliced. In this event it would require 13.9 million 

man-hours to produce the sugar. If an average campaign of 70 

days and an 8-hour campaign shift, or 560 hours per campaign 

per man, were assumed, the production of the sugar would furnish 

campaign jobs for 25 thousand men in the plants. The number of 

men would remain approximately the same as for the 1935-36 campaign 
since we have assumed that with the larger production the campaign 

will be lengthened, but a better measure of employment is the 

number of man-hours of work. This would increase about 18 percent. 

If, however, the average rate of decrease in the man-hour ratio 

since 1926 were assumed, then the campaign man-hour ratio for 

1939-~O would be 1.27; this assumes a rate of decrease of Q,.q. 

percent per year. This longer period is chosen to lessen the 

influence upon the average of the unusual years of 193~ and 1935. 

If this man-hour ratio were used, the number of man-hours needed 

for the campaign in 1939-~O would be approximately 12.3 million, 

or an increase of only ~ percent over 1935. 

Even though an increased total consumption of sugar might warrant 

an increased beet-sugar quota, t here seems 1 i tt Ie re"ason to expect 

any great increase in production over the 1937-38 quota since 

improved agricultural conditions bring ioto action the factor 

of the competition of other crops and general economic improve

ment may lessen the supply of labor available in the beet fields 

by raising its pr ice, but, on the ot her hand, the law impos ing 

quota restrictions on refined sugar from the islands may tend 

to bring up the price of sugar in the United States and hence 

encourage its production and the production of sugar beets. The 

advantage given to the beet-sugar industry in this country may 

encourage many companies to fill their quotas, but it is question

able whether it will have the effect of lowering the man-hour 

ratioat the former rate of decline. If it encourages production 

in the East, the effect will be to retard the other tendencies 

toward lowering the ratio; but if it encourages production in 

California, it will have the opposite effect, tending to lower 
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the ratio faster. During the period over which the quota restric

tions have been extended, the prospects seem hopeful for a fairly 

stable demand for labor both in the factories and in the beet 

fields, at least in the western areas where there is less com

petition for the use at the land and labor. This would tend to 

bring about a fairly stable employment in the other segments of 

the integrated industry. Since the present capital equipment 

in the plants affords sufficient facilities for the production 

of the quota allocated to beet sugar and 5 inee the industry seems 

to depend on minor changes in equipment to increase its slicing 
capacity, there seems little likelihood of any creation of in

creased employment in the machine industries as a result of 

increased demand in the beet-sugar industry. 

80VERHMENT POLICY 

The government policy in regard to the beet-sugar industry seems 

to be the crux of the matter when it comes to any consideration 
of the future of the industry. Experience under the quota system 

is too brief to warrant any conclusions as to its effect upon 

employment, especially since 20f the years were years of severe 

drought. If the quotas apportioned todomestic beet-sugar proc

essors are increased from year to year in a correct proportion 

to the increasing demand for sugar, it is possible that the 

industry may enjoy a fair degree of stability in regard to its 

demand for labor. The absorption due to increases in production 

may be offset by displacement due to decreases in unit man-hour 

requiremeo.ts. Under these conditions expansion of the industry 

will probably cont inue through the increase of size of plants 

already built and the building of new plants to take care of new 

areas of production of sugar beets. The first will probably be 

brought about with little if any increase in the demand for labor, 

while new plants will create demand for labor in new areas. 

What effect the quota system will have upon the cont inuance 

,of the decrease in the man-hour ratio it is impossible to say. 

That there is st ill room for improvement is evident from the 

variat ions which exist between plants and between areas, but 

it is probable that continued improvement will be at a slower 

pace. In the past the decreasing cost ot sugar beets and of 

their processing were important factors leading to an increased 

production of beet sugar in competition with cane sugar. Under 

the quota system there will continue to be a limited adjustment 
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of production in the beet-sugar areas on the basis of marginal 
costs, but only within the upper limit of the quota and there

fore only provided that the price established by the total of 

all quotas is below that necessary to bring about the product ion 

of the beet-5ugar quota. By the provisions of the Sugar Act of 

1937 the Secretary of Agriculture is empowered to determine the 
amount of sugar needed to meet the requirements of the consumers 

in the United States and on this basis to make allocations to 

the different producing areas. This determination of the amount 

of sugar, together with the individual quotas in effect, deter

mines the pr ice on the Amer ican market. I t is th is price of 

sugar, set indirectly by the Secretary of Agriculture, which is 

the important factor in determining whether the beet-sugar areas 

will fill their quota. If the price of sugar as established by 

the quota is held belowthat necessary to induce the less-efficient 

processors or those with higher costs to fill their quotas, as 

seems to have been the case during the past 3 years, the produc

tion of sugar will pass to the processors with the lower costs. 

Since lower costs teno to be associated with lower man-hour 

ratios, the employment in the industry will not increase pro

portionally with increased production, but a relative stability 

may be attained if the quota permits the gradual increase of 

production. 

Benefit payments to the growers of sugar beets may have the 

effect of inducing the sugar-beet farmers to plant a larger 

acreage of beets, but at the same time similar encouragement is 

being given by the Government to other farm crops. So the 

farmers must decide between the various inducements offered. 

Thus it is that the Government, by means of benefit payments to 

growers of sugar beets and other basic farm crops, by its soil

conservation and crop-control programs designed to affect the 

prices of farm products and the incomes of farmers, by its 

regulation of labor conditions in the beet fields, and by its 

establishment of quotas for sugar and, indirectly, of the price 

of sugar controls to a very large extent the conditions of supply 

in the industry. 

So the increase which takes place in the production of beet 

sugar will be, in a large part, the planned increase which 

represents the jUdgment of government officials and legislators 

as to the demand for sugar and the amounts to be allocated to 

the beet-sugar industry. The stability of employment in the 
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industry will be dependent upon government policies and the 

judgment with which government officials carry them out. This 

means not that a quota allotted will necessarily be produced 

but that the Government will determine from year to year certain 

condi tions. and wi thin these the beet-sugar processors and famen=: 

will make their decisions in regard to the amounts to be produced. 



APPENDIXES 

Except as credited to another source, all data presented in 
the appendixes are based on the first and second surveys mentioned 
in the "Introduction. 1I Where necessary in order to distinguish 
these surveys from other sou fees they have been cited as the 
NRP-NBER field survey. 

Appendix Pa~e 

A. GENERAL STATISTICAL DATA •••••••• 142 

B. STATISTICAL DATA PERTAINING TO INDIVIDUAL FACTORIES 
OR GROUPS OF FACTORIES •• 154 

C. ADJUSTMENTS OF CENSUS DATA FOR REGIONAL BREAK-DOWN 182 

D. MEASUREMENT OF MAN-HOURS EXPENDED IN REFINING 
MOLASSES BY THE STEFFENS PROCESS. •.• • • 183 

E. MEASUREMENT OF MAN-HOURS EXPENDED IN PROCESSING 

PULP ••• 186 

F. PRINCIPAL OCCUPATIONS IN THE BEET-SUGAR FACTORY. 188 



142 BEET SUGAR 

Table A-l.- ACREAGE AJID PRODUCTION IN THE BEET-SUGAR INDUSTRY" 1899-193S-

Beets sHoed Beet sugar 
Aoree Beets sliced per aore produced, 

ynrb harvested (thouSAnds of harvested chiefly refined 
(thousands) short tons) (short tons) (thoulI~d8 of 

(2 )f(l) short tons) 

(1 ) (2) (.) (4) 

1899 1>. 795 5.89 <2 
1900 n .... n.a. n ••• .5 
1901 17. 1,686 9.6:3 185 
190, 216 1,896 8.78 21. 
1903 ,.. 2,076 8.64 241 

,.0< 19. 2,012 10.4.6 242 
1905 '07 2,666 8.68 31' 
1906 '76 4,236 11.27 4 .. 
1901 '71 .3,768 10.16 '64 
1908 '65 3,415 9.36 426 

1909 420 4,081 9.72 512 
1910 ... 4,041 10.17 510 
1911 474 5,062 10.68 600 
1912 5.6 5,224 9.41 69' 
19l5o .80 5,659 9.76 73> 

19140 4 •• 5,288 10.95 722 
1915° 611 6,150 10.07 874 
1915o 66. 5,920 6.90 821 
1917° 665 5,626 8.46 765 
19180 694 5,518 9.39 761 

19190 692 5,888 8.61 726 
192'00 872 7,991 9.1S 1,089 
1921° .,5 7,414 9.10 1,020 
1922 0 5.0 4 .. 963 9.36 676 
192:1'0 657 6,585 10.02 8., 

1924 816 7,075 8.67 1,090 
1925 648 6,993 10.79 91. 
1926 677 6,782 10.02 897 
1921 121 7,443 10.32 1,093 
1928 ... 6,,880 10.68 1,,061 

1929 68. 7,117 10.34 1,,018 
1930 176 8,789 11.33 1,,208 
1931 71' 7,659 10.14 1,156 
1932 764 8,856 11.69 1,357 

1933 '8' 10,718 10.96 1,642 
1934 170 7,391 9.60 1,160 
1935 76. 7,745d 10.15 1,186 
1936 116 n ••• n,a, 1,304 

-Data for, 1899 aoreage harvested and beets sliced from Yearbook of the United 
States Depkrtmsnt of Agriculture, 1900 (U. S. Dept. Agr., 1901), p. 751. 1899 and 
1900 sugar produced from aame for ~ (1904), pp. 653-4, 1901-11 tram Game for 1912 
(1913), p. 651J 1912-32 from Yearbook of Agriculture, lS34 (U. S. Dept. Agr., 19M), 
p. 4111 1933-34 tram Agricultural Statistios, 1936 (U. S. Dept. Agr., 1936), p. 911 
1935-36 from Crops and Markete, 14, No. 19 (Deo. 1937), 259 and 279. 

bY .. ra given here are oampai!7l years; production usually rune into the next ;year. 

¢Yost years f"raal 1913 to 1923 inolude a small u:a.lcnawn qu.ntity of beets grown 111 
Canada for MiOhi&an £actorie •• 

dc.naus of Manufactures1 1935 (U. S. Dept. Com., Bur. Census, 1938), p. 218. 

n··'Data DOt a .. llable. 



Table A-2.- MONTHLY EMPLOYMENT IN THE BEET-SUGAR INDUSTRY, 1903-35a 

~ ~ ~--- ~~--

~- --------
Month 1903 1908 1913 1918 1920 1922 1924 1926 1928 1931 1933 1935 

January 2,949 6,465 6,593 11.627 13.645 3,062 5,303 n.a. 3,591 2,985 4,757 4,673 
February 902 2,206 2,527 5,926 4,525 2,058 3,225 n.a. 2,620 1,845 2,870 3,114 
March 1,050 2,750 2,537 4,661 4,610 2,044 3,309 n.a. 2,673 1,992 2,857 3,241 
April 1,167 3,057 3,164 5,573 6,311 2,322 3,701 n.a. 2,758 2,174 3,477 3,527 
May 1,359 3,432 3,989 6,386 6,239 2,655 4,022 n.a. 2,870 2,444 4,239 3,970 
June 1,459 3,943 4,045 7,248 6,537 3,012 4,272 n .. a. 3,114 2,606 4,467 4,230 

July 1,869 4,505 4,470 7,994 7,564 3,417 4,676 I n.a. 3,546 3,277 5,166 4,955 
August 2,686 6,045 7,180 9,064 10.677 4,711 6 034 n.a. 5,100 4,638 7,853 7,740 
September 5,233 7,215 9,066 10,607 12,012 7,598 8,785 n.a. 6,129 5,700 10,377 9,979 
October 9,361 15,815 20,353 23,281 31,493 21,728 22,522 n.a. 21,379 18,867 29,384 26,468 
November 10,251 16,807 18,686 27,064 32,206 23,651 22,422 n.a. 22,164 16,306 29.358 25,335 
December 9,250 14,233 13,354 21,941 27,162 14.690 18,193 n.a. 14,003 11,658 23,667 13,895 

Average 3,963 7,204 7,997 11.781 13,602 7,571 8,672 7,402 7,496 6,241 10,706 9,261 

aCenSU9 of Manufactures data. Figures represent the number of wage earners on the pay roll for the week in
cluding the 15th of the month, or same other normal week. Years are campaign. not census years. 

n.aeData not available. 
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ja~le A_~._ F.8nW:rED LABOR REQ1JIRUmirS FOR PRODUC1l01l OF FUEL FOR EM_SUGAR FACTORIES, 191~3S 

-- - -
l!i'heinoull cod 

equivahnh u.ed • 
lfuIIiIber of C\lel T_ or JIou:l-do.y. In b""t- ."t ton. ained T_r beet. sliceda 

",",rage DWllbor 
Ih_~r ot fuel Humb"r ot fu.1 

-.n.-hcure ~"r of mininc .et tOll.ll aitlect _houri 
(thOUIMlndI) 

Per to!1 at lupr faotorie. per -.n_dayc (thO\l.lnd.) 
daya worked 

_1_
rs pel" .an-hour" (thou.al1da) tCI1 cf be.t. 

~I dieedb ( tJ:Iouliandli (3)-+<4) 
pel" year"- (');(') (,>;<.) tlicedd 

(toul or tOll.l) 
(1)::r:(2) 

(1) (,) (,) (.) 

191. &,869 O.UD ... S.61 
19lf 6,288 .149 78, '.n 
1916 6,160 .149 916 3.91 
1915 5,920 .149 ." 3.89 
1917 ' .... .14-9 , .. 3.76 

1918 6,678 .149 '" ,. " 1919 '.'" .U9 '" 3.84 
1920 7,991 .U9 1.191 .... 
1921 7,4.1" .14.9 1,106 •• 21 

"" ..... .149 ". 4.32 

lOU 6,SSS .1"9 98' .... , ... 1,0'75 .U.9 , .... 4.6'1 
1926 1S,9DS .1-'9 l,00l2 ... 53 
1926 6,18.2 .149 1,011 4,49 
"21 7,«:5 ."4 1.087 4-.611 

1928 6,880 .11515 1,073 '.72 
"'" 1,11" .149 ,.0<0 .... 
'980 8, '189 .'48 l,28S 6,01 
19&1 1,669 .141 l,12S '.30 
"., 8,866 .14-1 '. roo 6,22 " .. 10,718 .'43 1,541 '.71 
'9M ., ,391 .... 1,138 4..41 
19S5 '1,7Mi .161 1,169 ... 50 

a,.bb A-I. col. (2). 

bc .. put.ea tl"'tllSl o!Iata OOT'lJ"1n.g ~ 38 to 50 h.otol'iel. Fuel data not aT&11abla pl'ior 
to 1921. Ratto uled tor the year. 1913-26 lllchihe 11 the ul!IJCi~ht8d llleal1 of the 9 
n.tioe for the yea" 1921.35. Thil probtlbly undereltu..te. the IlIIIOllJlt of t'uel tor 
th_ yell.1;"l prior to 1927 ("ee p. ';50). 

c,oaken tr.;,m. data adapted by Nichola" Yaworski 11'0lIl U, S. Bureau of !IIinee lIII.ter1"1. 
Produotiol1 data ino1llde. and eap10)'l11ent data e::r:olllde. _t;on"1ll1ne data. 'l'he e::r:clu_ 
_loD 111 tb. oa •• of _p10pent ... 110t eel1lioiered .en<.>lls eJ;oept in 1920 and 1922 

(') 

'" 212 ". 
'" '" 
22. 

'" ,,. 
'62 
In 

219 

'" '30 ". 
'" 
2Z7 
218 
2., 
212 

24' 

'" '" '50 

(9J..i'1.) 

(.) (1) (.) (.) (10) 

23' 1.007 0.4.19 2,012 0.:5:;6 

'" 1,0139 .432 1.824- .345 

"" 1.154- ... , 2,014- .327 
'30 ge, .453 1,94.7 .329 
'43 017 .... 1,84.6 .328 

249 ... .... 1._ .". 
'" 1,17'2 .471 1,839 .312 
22. ' .... . ... 2,367 .'96 '49 1,7&1 .,,' 2,112 ., .. 
'" '.'" .S,. 1,380 .m 
179 1,221 .6O' 1."" ., .. 
111 1,349 .... 1,86& ., .. 
'96 1,180 .661 l,8n ., .. 
m 1,041 .651 1,8140 .... 
191 1,24-8 .... 1.923 .'58 
'oo 1,120 .... 1,836 .241 

'" .. , .60' 1,'164- ., .. 
167 1,3~ .m 2,00l1 .2,. 
160 1,328 ... , 1.118 .,,. .. , 

'. 'lOS .... 2,021 .228 
'61 1,985 .591 '.608 .242 
178 ' .... .606 1,879 .25. 

"" 1,~2 ... , 1,82" .236 

beoallll& 1n no other yea" did alloh produotion. r1ee a. hl"h ... 2 111l111on tQII.I. III 
1920 al1d 1922, h",""",,1"4 produotion r~e to 4.4 934,300 alld ~,4.59.U2 lI.t tol18 r .. pee
thel;,. the label' produ4th1.9 flCU"1I tor the.e y"'rl, ballad ol1ly on prodll.Otioll by 
o_enlial lI.1nlll, beo0lll8 r,upeottYely ".01 and ".29 net tau per -.r1~day and 0 ... 98 
a.nd 0.532 net ton. per u.n·hour. 

dDe.ta cn ... n-ncu", 1I'ol1l:.d IlU!Id output per ma.n~our ..... baaeli on •• t&bl1lheli lIJ1f;tba 
of wOl"k11'\l: dayt and therefore are tubjact to errol'" in.orar aa th" ntabli.h"d lal:l£th 
ot tlta work-day _1'10"- tram the aotual haUl" work,,"- pel" day by the _ployee •• 
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APPENDIX A 145 

Table A-4.- ESTIMATED LABOR RE~UIREMENTS FOR PRODUCTION 
OF MACHINERY FOR BEET-SUGAR FACTORIES. 1917-35 

Imp rovemen t expendi turee 
Labor requirements 
for production of 

in 3J identical beet-SUgar machinery 
factories in all factories 

Year 

ThoU8a.nds Wan-hours 
Thousands Thousands 

Numberdot of man- of man-of per doll'i' hours hours c men 
dollars a 

(4)+2,400 of value (1).(2) (3);.0.38 

(1) (2) (3) (4) (5) 

1917 2,315 0.809 1.873 4.929 2,054 
1918 1,570 0.893 1.402 3,689 1,537 
1919 728 0.931 678 1,784 743 
1920 699 0.816 570 1,500 625 
1921 920 1.057 972 2,558 1,066 

1922 137 1.023 140 368 153 
1923 431 0.930 401 1,055 440 
1924 820 0.916 751 1,976 823 
1925 1,150 0.884 1,017 2,676 1.115 
1926 490 0.884 433 1,139 475 

1927 134 0.913 122 321 134 
1928 402 0.868 349 918 383 
1929 724 0.821 594 1,563 651 
1930 667 0.915 544 1,432 597 
1931 252 0.928 234 616 257 

1932 284 1.196 340 895 373 
1933 917 1.104 1,012 2,663 1.110 
1934 527 1.013 534 1,405 585 
1935 292 0.968 283 745 310 

a,igurea are for aggregate coat ot addttionB. replacements, and 
improvement. for all purposes. No deductions were made for 
eredtta for .a1es although in some cases only net costs were 
available. In 80me other cases the data include small amounts 
for structurel and nonmechanlcal improvements. 

bThes8 ratios, with the exception of those for 1917-19. were pro
vided by the ·Studie. in Equipment Change. and Industrial 
Techniques" section of the WPA National Research ProJect. The 
ratios for 1917-19 .ere extrapolated back of 1920 with the aid of 
a wholesale-price index of all metals and metal products [Handbook 
of Labor Statistics. 1936 Edition (U. S. Dept. Lab., Bur. Labor 
Statistics. 1936). p. 679J which moved inversely to the ratios 
through the period from 1920-35. 

cO.38 i. the proportion of total daily slicing capacity in the 
industry r.presented by the 31 identical plants in 1934. See 
chap. ll, ftn. 14. 

d2t400 1& the assumed number ot man-hours per year per man baaed 
~n data from companies manufacturing 8ugar machinery. 
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Table A-5.- ESTIMATED JIAN-HOURS III FOUR VEIlTICAL SEGMENTS OF TilE 
BEET-SUGAR INDUSTRY, 1917-35 

(Thousands) 

Beet fieldsS. 
(growing and 

transporYear 
FuelO Machineryd 

Processlngb (for (for 

tation) 
---.-+-----==~+----+----+----

factories) 1"actories) 

1917 
1918 
1919 
1920 
1921 

1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

(1) 

75,145 

70,983f 

72,QCW; 

(2) (3) 

29,210 1,846 
28,632 1,184 
29,210 1,839 
36,064 2,367 
28,877 2,112 

19,946 1,380 
20,973 1,768 
23,793 1,866 
23,000 1,657 
20,298 1,814 

19,114 1,923 
17,530 1,835 
17,359 1,764 
18,334 2,047 
15,838 1,716 

18,917 2,021 
21,341 2,608 
17,628 1,878 
17,573 1,824 

&computed from table A-I. 001. (1) and table 5, col. (1). 

(4) 

4,929 
3,689 
1,784 
1,500 
2,558 

368 
1,055 
1,976 
2,676 
1,13£ 

321 
918 

1,564 
1,432 

616 

895 
2,663 
1,405 

745 

brhe oampaign ratio of beets sliced per man-hour _8 estimated for each 
year by taking the weighted mean 01" the man-hour ratios for 8,11 re
porting plants for 1928 (table B-9), a year in which the sample was 
fairly representative, and multiplying it by the chained index 01" man
hcur ratio8 for the given year (table B~12) adjusted to 1928 as a base. 
For the intercaIDpsign man-hour ratios 1928-35 the weighted average 
ratios for all plants reporting interoampa1gn data (table B-IS) for 
these years were used. For the period 1917-27 an estimate was made 
based on cenSU8 data on employment during the interoampe.ign months, 
the length of the campaigD. and man-hour rat10s cam.puted from the 
NRF-NBER field survey for 1927-35. This estimate ~s furnished by 
Mr. Harry Magdoff of the National Research Project. The total plant 
man-hours for each year were cam.puted by multiplying the tons of beets 
sliced (table A-I) for the given year by the sum of the cwmpaign and 
intercampaign ratios. 

c,oable A-3, eol. (9) , 

d.rab1e A-4, col. (4). 

eAverage for the years 1920-24. 

fAverage for the years 1928-32. 

gAverage for the years 1934-35. 
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Table A-6.- INDEXES OF PRODUCTION OF BEET SUGAR 
AND ALL MANUFACTURES, 1919-36 

(1923-25=100 ) 

147 

Year Beet suga~ All manuracturesb 

1919 75.5 84 
1920 113.3 87 
1921 106.1 67 
1922 70.2 86 
1923 91.6 101 

1924 113.4 94 
1925 95.0 105 
1926 93.3 108 
1927 113.7 106 
1928 110.4 112 

1929 105.g 119 
1930 125.7 95 
1931 120.2 80 
1932 141.2 63 

1933 170.8 75 
1934 120.7 78 
1935 123.3 90 
1936 135.5 105 

aComputed rrom table A-I, col. (4). 

bFederal Reserve Bulletin, 23, No.7 (July 1937), 674. 
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Ye8.r 

1899 
1900 
1901 
1902 
1903 

1904 
1905 
1906 
1907 
1908 

1909 
1910 
1911 
1912 
1915 

1914 
1915 
1916 
1917 
1918 

1919 
1920 
1921 
1922 
1923 

1924 
1925 
1926 
1927 
1928 

1929 
1930 
1931 
1932 

1933 
1934 
1935 
1936 

BEET SUGAR 

TobIe A-7.- PER-CAPITA AND TOTAL CONSUNPTION ANI) 

WHOLESALE PRICE OF SUGAR, 1899-19360 

Per-capita Total oonsumption 
Wholesale price 

per pound in 
consumption (thou:s:ands of New York (pounds) short tone) (cents) 

61.0 2,346 4.92 
n.a. n.a. 5.32 
n.a. n ••• 5.05 
n.a. 2,874 4.46 
n.a. 2,656 4.64 

75.3 3,099 4.77 
n.a. 2,946 5.26 
n.a, 3,208 4.52 
n.a. 3,353 4.65 
n.a .. 3,568 4.96 

81.8 3,649 4.77 
81.6 3,752 4.97 
79.2 3,754 5.34-
81.3 3,925 5.04 
85.4- 4,192 4.28 

84.3 4,212 4.68 
63.8 4,258 5.56 
79.3 4,098 6.86 
78.6 4,126 7.66 
73.4 3,915 7.83 

85.4 4,556 9.00 
86.6 4,575 11.3gb 

84.5 4,600 6.21 
103.2 5,704- 5.90 

95.6 5,354- 8.44 

95.9 6,431 7.47 
107.5 6,171 5.48 
109.3 6,352 5.47 
101.0 5,933 5.83 
104.3 6,208 5.54 

108.1 6,508 5.02 
99.4- 6,271 4.63 
98.5 6,132 4.42 
93.3 5,840 3.99 

93.6 5,903 4.31 
90.7 5,751 4.12 
93.8 5,981 4.30 
96.3 6,184- 4.66 

Bwillett and Grey, Ina., Weekly Statistical Sugar Trade Journal. 1899-
1936. Long ton figures were converted to short tons. 

bAverage for August 12 to December 31. There were no open-market 
quotations of granulated sugar for the earlier part of the year. when 
refiners disposed of their product by allocation to their regular trade. 

n.a·Data not available. 



Tabla A-8.- SOURCES OF REFI~D SUGAR CONSUVED IN COIfTINERTAL UNITED STATBS, 189'1-1832& 

(Thol.luode at short WIllI) 

Period or Total, all Continental United State" 

:roa• .ouroe.b 
Cane eeet TotalO 

189'1-1901 2,40'1 267 77 367 
1902-06 2,997 339 244 54. 
1907-11 3,615 378 60s 863 
1912-13 4,058 260 640 1,022 
1914-16 4,190 222 782 1,073 
1917-21 4,364 222 803 1,039 

1921 4,600 306 1,061 1,112 
1922 5,704 306 1,005 1,111 
1923 5,354 241 986 1,020 
1924 5,437 91 83' 1,249 
1925 6.171 140 994 1,740 
1928 6,362 79 978 1,563 

1927 5,9S3 43 874 1,745 
1928 6,208 130 1,162 1,962 
1929 6,508 176 959 1,979 
1950 6,271 184 1,066 2,240 
1931 6,132 192 1,255 2,366 
1932 5,840 150 1,232 2,786 

-- ----

aRe rt to the President on Su r (U. S. Tariff' Commission, Re
port No. 73, Second Serl •• , 1934 , p. 38. Figures are for 
l'f:Itined sugar, whether refined in the United Statea or in in8ular 
areas and foreign countries. "Of' the refined sugar conawned in 
oontinental United States in 1932. 88 peroent was refined there, 
3.3 peroent in insular areas, and 8.7 percent in foreign coun
trie., principally in Cuba,w (Ibid., p. 37.) 

Insular areas of United State. Foreign countries 

Hawaii Puerto 'Rioo Philippine. Cuba Othe. 

289 60 18 401 1,287 
386 136 25 1,139 702 
514 267 82 1,508 339 
678 346 99 2,047 69 
680 361 132 2,063 31 
640 394 98 2,117 149 

640 419 147 2,090 30 
517 349 240 S,237 42 
616 281 222 2,966 139 
667 383 297 3,163 97 
713 664 453 :5,258 38 
692 616 360 3,686 46 

712 640 487 3,262 8 
766 653 533 2,920 33 
868 430 677 3,376 18 
753 729 752 2,753 29 
904 699 762 2,281 31 
957 851 974 1,64'1 26 

blnoludes a 8mall "miscellaneous" item during years preceding 
1930; me.x~um ot this item, in 1919, was 38,000 tons. 

°Includes after 1916 a small amount trom Virgin Islands 
(4,000 tons in 1932). 
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'l'abb .&.-9.- PRICE DIP'FBHB)I!IAU OP RAW CU'BAB SOOAR M .. TORK .dD LCJIIIQ', 
QUARrERLI. 1922-!la 

(Cent. per pound 960 oentrifugal) . 
Year An rage prioe at -

and London. cost. Dirt.rent1al 
quarter N .. York. duty paid 1D.IUJ'aDOe, aDd freight 

1922 '.64 '.09 1.56 
J.n ...... r. '.75 2.:51 1." 
Apr.-June 4.20 2.79 1.41 
July-Sept. .. .,. 3.61 1.45 
Oct.-Dec. 5.58 . ... 1.91 

1923 7.05 5.33 1.72 
Jan.-liar. 6.41 '.60 1.81 
Apr ... June 7.83 6.36 1.47 
July...sept. 6.55 4.89 1.66 
Oct.-Dec. 7." 5.48 1.95 

1924 6.95 4.27 1.68 
Jan.-Mar. 6.91 5.:19 1.58 
Apr.-June 5.69 4.20 1.49 
July-Sept. 6.U 3.92 1.52 
Oct.-Deo. 5.'10 3.58 2.12 

1925 .... 2.65 1.68 
Ja.n • .ollar. '." 3.03 1.62 
Apr.-June 4.40 2.86 1.72 
July-Sept. 4-.28 2.53 1.75 
Oot.-Deo. 3.98 2.36 1.82 

1926 4.35 2.70 1.65 
Ju."Mar. 4.13 2.46 1.67 
Apr.-June 4.18 2.51 1.66 
July-Sept. 4.30 2.64 1.66 
Oct.-Deo. 4.79 3.18 1.61 

1927 4.75 2.9S 1.77 
Jan.-Mar. '.95 3.:51 1.64 
Apr.-June 4.75 3.07 1.87 
July-Sept. 4.6:5 2.64 1.76 
Oot.-Dec. 4.66 2.69 1.96 

1926 4.22 2.51 1.71 
Jan.-Mar. 4.41 2.61 1.74 
Apr.-June .... 2.80 1.83 
July-Sept. 4.13 2.48 1.65 
Oot.-Deo. '.92 2.11 1.16 

1929 3.71 1.91 1.80 
Jau.-Kar. 3.76 2.'" 1.69 
Apr.-June 3.60 1.89 1. '10 
July-Sept. 3.89 1.99 1.90 
Oot.-Deo. '." 1.92 1.'" 

19,., 3.37 1." 1.94 
Jan.-lla.r. 3.63 1.67 1.96 
Apr.-June 3.32 1.53 1.79 
July-Sept. 3.19 1.24 1.94 
Oot.-Deo. '.M 1.28 2.'" 

1931 3.33 1.25 2.'" 
Jan .... Yar. 3.32 1.~~ 2.01 
Ap!'.-J'IUl& 3.26 1.31 1.90 
July-8ept. .... 1.'1 2.14 
Oot ... Deo. ..,., 1.09 2.21 

-Adapted fica Lifpert S. Elli •• The TAriff on Sugar (Freeport. Ill.: The Ra:wleigh 
fOUlldation. 1933). p. 122. Quarterly &'nIrages were oacDputed traa monthly figure •• 
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APPENDIX A 

Table A-I0.- AVERAGE WHOLESALE PRICE OF SUGAR 
AT NEW YORK. 1899-1936" 

(C onto per poUlld) 

Raw Cuban. 960 

Granulated 
Exoludlng duty Inolud1ng duty 

(1) (2) (3) 

4.919 2.734 4.419 
5.320 2.881 4.666 
5.050 2.362 4.047 
4.456 1.857 3.542 
4.638 2.035 3.720 

4.772 2.626 3.974 
5.256 2.918 4.278 
4.515 2.316 3.686 
4.649 2.396 3.756 
4.957 2.713 4.073 

4.765 2.646 4.007 
4.972 2.828 4.186 
6.345 3.090 4.453 
5.041 2.804 4.162 
4.278 2.150 3.506 

4.683 2.745 3.814 
5.559 3.626 4.642 
6.862 4.767 5.786 
7.663 5.208 6.228 
7.834 5.014 6.447 

9.003 6.354 7.724 
ll.390b 11.337 12.362 
6.207 3.459 4.763 
5.904 2.977 4.632 
8.441 5.240 7.020 

7.471 4.186 6.964 
5.483 2.562 4.334 
5.473 2.568 4.337 
6.828 2.959 4.730 
6.540 2.459 4.229 

5.025 2.001 3.769 
4.634 1.499 3.387 
4.425 1.329 3.329 
3.992 0.925 2.926 

4.308 1.208 3.208 
4.123 1.469 2.987 
4.302 2.317 3.217 
4.660 2.673 3.595 
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D1!'terent1al 
(3)-(2) 

(4) 

1.685 
1.685 
1.685 
1.686 
1.685 

1.348 
1.360 
1.370 
1.360 
1.360 

1.361 
1.360 
1.363 
1.358 
1.356 

1.069 
1.016 
1.019 
1.020 
1.433 

1.370 
1.025 
1.304 
1.656 
1.780 

1.778 
1.772 
1.769 
1.771 
1.770 

1.768 
1.888 
2.000 
2.000 

2.000 
1.518 
0.900 
0.922 

IiCClUpiled fran Willett and Grey. Inc., Weekly Statistical Sugar Trade 
JO'Urne.l, 1899-1935. 

bAverage for August 12 to Decamber 31. 



152 BEET SUGAR 

Table A_ll._ INDEXES OF wmLESALE PRICE OF ALL FARM PRODUCTS. SUGAR BEErS. 
AlID SUGAR AND OF ACRES OF SUGAR BEETS RtUtVESTED, 1899-1936 

(1926l1IOO) 

Wholesale price 
Acres or 

Year All farm sugar beets 

produotsB. Sugar beetab Refined augarC ha.rveatedd 

18S9 45.8 n ••• 89.9 19.9 
1900 50.5 no •• 91.2 n ••• 
1901 52.6 n .... 92.3 25.8 
1902 58.4 66.1 81.4 31.9 
1903 55.6 65.3 84.7 35.9 

1904 58.5 85.0 87.2 29.2 
1905 56 .. 4 65.7 96.0 45.3 
1906 57.3 67.0 82.5 55.5 
1907 62.2 68.3 84.9 54.8 
1908 62.2 70.3 90.6 53.9 

1909 69.6 n.a. 87.1 62.0 
1910 74.3 n.a. 90.8 58.8 
1911 56.6 72.3 91.7 70.0 
1912 72.6 76.5 92.1 82.0 
1913 71.5 74.8 78.2 85.7 

1914 71.2 71.6 85.6 71.3 
1915 71.5 74.5 101.6 90.3 
1916 84.4 80,4 125.4 98.2 
19t7 129.0 97.1 140.0 98.2 
1918 148.0 131.4 143.1 87.7 

1919 157.6 154.3 164.5 102.2 
1920 150.7 152.8 208.1 a 128.8 
1921 88.4 83.4 113.4 120.4 
1922 93.8 103.9 101.9 18.3 
1923 98.6 118.1 154.2 91.0 

1924 100.0 104 .. 5 136.5 120 .. 5 
1925 109.8 84.0 100.2 95.1 
1926 100.0 100.0 100.0 100.0 
1927 99.4 100.8 106.5 106.5 
1928 105.9 93.4. 101.2 95.1 

1929 104.9 9:5.0 91.8 101.6 
1930 88.3 93.8 84.7 114.6 
1931 64.8 78.1 80.9 105.3 
1932 48.2 69.1 72.9 112.9 

1933 51.4 61.4 18.7 145.2 
1934 65.3 67.8 75.3 113.7 
1935 18.8 76.1 78.6 112.7 
1936 nooa. n.a. 85.1 114:.6 

aHandbook: of Labor Statistios, 1936 Edition (U. S. Dept. Lab." Bur. Labor Statistica, 
Bull. No. 616, 1936), p. 574. 

bComputed from data fori 1902-3, 1911-16 fram Statistical Abstract of the United 
5.tates, 1917 (U. S. Dept. Com., Bur. For. and Dom. Com., 1918), p. 2111 1911-23 from 
same for 1926 (1921), p. 664): 1924-35 from 8M1e for 1936 (1936), p. 656; 1904-8 from 
U. S. Congress, Senate, Beet Sugar Industry in the United States, S. Doc. 22" 61at 
Cong." 1st 8eS6., Apr. 8, 1909. 

cCamputed fram table A-lO, 001. (1). 

dComputed frOll!. table A-I, col. (1). 

eCornputed from average price for August 12 to December 31. 

n.··Data not available. 
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T&ble A-12.- YIELD OF SUGAR BEETS PER ACRE AND SUCROSE CONTENT 
OF SUGAR BEETS, 1901-36& 

Yield Sucrose Yield Sucrose 
yearb per acrec contentd yearb per acrec oontentd 

(short tons) (percent) (short tons) (peroent) 

(1) (2) (1) (2) 

1901 9.6 14.8 1919 9.3 14.5 
1902 8.8 14.6 1920 9.8 16.0 
1903 8.6 15.1 1921 9.6 15.8 
1904 10.5 15.3 1922 9.8 15.4 
1905 8.7 15.3 1923 10.7 15.3 

1906 11.3 14.9 1924 9.2 17.2 
1907 10.2 15.8 1925 11.4 14.9 
1908 9.4 15.7 1926 10.7 14.9 
1909 9.7 16.1 1927 10.8 16.1 
1910 10.2 16.4 1928 11.0 16.7 

1911 10.7 15.9 1929 10.6 15.6 
1912 9.4 16.3 1930 11.9 15.2 
1913 9.8 15.8 1931 11.1 16.2 
1914 11.6 16.4 1932 11.9 16.4 

1915 10.7 16.5 1933 11.2 16.6 
1916 9.4 16.3 1934 9.8 17.0 
1917 9.0 16.3 1935 10.4 16.5 
1918 10.0 16.2 1936 11.6 n.a.. 

"Data for. 1901-13 from Yearbook of Agrioulture, 1914 (U. S. 
Dept. Agr., 1915), p. 600; 1914-25 from same for 1926 (1927), 
pp. 1003-4; 1926-36 from Agricultural Statistios. 1937 (U. S. 
Dept. Agr., 1937), pp. 89, 91; 1936 from Crops and Markets, 
13, No. 12 (Deo. 1936), 427. 

bYear is that in which beets are grown. The campaign extends 
into the sucoeeding year. 

"This series differ. from the yield shown in table A-1 in that 
this seri •• is for beet. produced or beets delivered to the 
faotory per acre, while the other i. for beets slioed per aore. 

dBased upon weight of beets slioed. 

n.a'Data not available. 
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Tabl .. 8-(.- ANALYSIS or SIIoIPU: OF BU'I'-SIXlAR FACTORIES: qtIAN'!'IT'f OF SDCAI! BEETS SUCI:O 
AlID AvnAC!; [,jUAlITIT'f P!:R r.o.CTORY, 1918_:511" 
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.Table B-5.- ANALYSIS OF SAMPLE OF BEET-SUGAR FACTORIES. AGE DISTRIBUTION OF 
FACTORIES IN EXISTENCE IN 1934-35& 

Sample 
Period ereotedb 

Number Percont 

(1) (2) 

Total 78c 100 

Prior to 1900 11 14 
1900-04 23 30 
1905-09 8 10 
1910-14 6 8 
1915-19 15 19 
1920-24 6 8 
1925-29 8 10 
1930-35 1 1 

aData for universe from Amorican Beet SUk~r Com
panies. 1934-35 (Washineton. D. C.: The United 
States Beet Sugar Association). Both series exclude 
dismantled factories. 

boate of erection i. counted from date factory was 
first on present site. Same faotories, tirst erected 
in an earlier period, ~re later moved. 7 such 
factories are included in the NRP-NBER sample and 
are listed under 8eparate code nunber. (tables B-7 
and B-8); they are included in this table only in 
the period during whioh they were moved to their 
site as of 1934-35. 

Universe Sample as percent 
of universe 

Number Peroent (1).;(3) 

(3) (4) (5 ) 

lood 100 78 

13 13 85 
25 25 92 
12 12 67 
11e 11 65 
20 20 75 
8 8 75 

10 10 80 
1 1 100 

CExcludes 1 factory located in Canada and 1 factory 
(erected prior to 1900) that was dismantled prior 
to 1934-35. 

dExcludes 3 factories located in Canada and 1 fac
tory (erected prior to 1900) listed as dismantled. 

8Includes 1 factory listed as "partly dismantled." 
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Tab1. 8-6.- BgETS SLICED IN TIlE UNITED STATES AND CHAIN INDEX OF BEETS SLICED 
BY SAMPLE FACTORIES, 1912-35 

"ob oa.o' -I ;~, n index of Beets slioed Chain index of 

Year 
by universea bee 

(thousands of by 
short ton.) (1 

t. sliced 
Year by universe8 beets 81 iced 

Bample (thousands of by sample 
923=100 ) short tons) (1923=100) 

--_ .. _-
1912 5,224 142.5 1924 7,075 105.3 
1913 5,659 203.4 1925 6,993 104.0 
1914 5,288 175.8 1926 6,782 112.1 
1915 6,150 184.6 1927 7,443 118.5 

1916 5,920 93.0 1928 6,880 104.4 
1917 5,626 79.3 1929 7,117 111.1 
1918 5,578 83.3 1930 8,789 131.8 
1919 5,888 90.0 1931 7,659 121.2 

1920 7,991 113.4 1932 8,856 117.7 
1921 7,414 112.8 1933 10,778 141.5 
1922 4,963 83.8 1934 7,391 100.0 
1923 6,585 100.0 1935 7,745 99.4 

-- ---

aTable A-I, col. (2). 
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-Table B-7.- CAMPAIGN OPERATING AND DmlRECT MAN-HOURS PER TON OF BEETS SLICED, BY!'ACTORY, 1912-35& 

Year 
Area and faetory 

I_lb e 1_2b e l_:>ib e 1_4b e 1_5b e 1_6b 1-7 II-B 11-9 II-I0 II-ll 11-12 11-13 II-14 II-15 II-IS II-I? II-IS 

1912 2.42 4.17 3.84 2.89 5.83 5.74-
1913 2.73 3.79 3.90 2.49 4.02 4.20 2.95 
1914 2.43 3.91 3.52 2.41 4.21 3.75 2.77 
1915 2.32 4.ll 2.68 2.48 4.34 3.59 12.64 
1916 3.2:r,d 5.:30 3.65 3.72 4.71 4.86 3.21 2.09 2.64 2.4() 2.28 2.55 2.28 2.66 2.33 2.Hi 2.35 2.22 

1917 3.2011 5.e2d 5.24d 3.484 5.80d 5.05d

I

4.63 12.08 2.65 )2.99 12.48 2.28 2.15 2.94 2.451 2.21 2.61 2.518 
1918 2.Bed 3.99d 3.53d 3.05d 4.524 4.364 3.36 2.38 2.81 12.70 3.13 3.25 2.84 3.50 2.66 2.21 3.15 3.24 
1919 3.Old 4.02d 3.30d 3.83d 5.18d 4.74d 3.36 2.33 2.62 .2.23 2.41 2.4() 2.14- 3.30 2.32 3.06 2.53 2.99 
1920 2.4{) 4.04 3.62 3.51 5.77 4.33 3.10 2.71 2.50 12.22 2.0{) 1.95 1.99 3.14- 2.19 2.85 2.49 2.75 
1921 2.07 3.44 2.82 2.96d 4.66 3.82 2.49 2.02 2.08 1.88 1.68 1.63 1.63 2.19 1.84 2.19 2.05 2.16 

1922 2.06 4.22 4.14 3.49 6.36 4.52 2.89 2.03 2.12 1.90 1.71 1.55 1.67 2.27 1.82 2.12 1.96 2.19 
1923 2.86 3.96 3.04 3.72 6.03 4.57 2.79 1.94 1.9'1 1.64 1.76 1.66 1.66 2.23 1.80 2.02 2.03 2.01 
1924 2.26 3.72 3.13 3.67 5.21 3.95 2.77 1.93 1.91 l a 78 1.61 1.56 1.65 2.27 1.83 2.10 1.91 1.96 
1925 2.02 3.:30 3.25 3.12 3.31 3.60 2.54 2.16 2.15 2.01 1.78 1.80 1.82 2.43 1.96 2.28 1.91 2.04 
1926 2.16 4.02 2.93 3.56 3.01 4.32 3.1S 1.56 1.75 1.52 1.41 1.37 1.44 2.02 1.53 1.86 1.71 1.77 

1927 1.85 2.62 2.40 2.95 2.62 3.24 2.49 1.46 1..0 11.47 1.42 1.39 11. 4() 1.92 1.42 1.83 1.62 1.?8 
1928 1.85 2.82 2.50 3.02 2.81 n.a. 3.16 1.44 1.50 11.48 1.33 1.29 11.35 1.94 1.47 1.75 1.4? 1.81 
1929 1.90 I 2.81 2. ?9 2.84 n.e.. I···· 2.65 1.34 1.45 1.34 1.27 1.23 1.22 1.91 1.38 1.64 1.47 1.S3 
1930 l.?l I 2.50 2.43 2.37 n.B. n.e.. 2.58 1.22 1.24 1.21 11.15 1.09 11.08 1.62 1.43 1.44 1.29 1.49 
1931 1.70 D.B. n.e.. D.e.. n.e.. n.e.. 2.64 1.21 1.28 1.19 1.06 1.02 1.12 1.46 1.29 1.3? 1.22 1.28 

1932 1.66 2.36 n.a. D.Il. D.S. n.8. 2.44e 1.18 1.21 1.1' 1.09 1.05 1.11 1.47 1.23 1.39 1.15 1.38 
1933 1.67 2.51 1.72 n.a. n.a. n.s. 2.248 1.17 1.23 1.14 1.04 0.97 1.09 1.46 1.25 1.39 1.19 l.:n 
1934 1.52 2.41 1.75 D.S. 2.61 D.B. 2.l4e 1.17 1.2? 1.20 1.10 0.99 1.16 1.49 1.32 1.50 1.23 1.37 
1935 1.56 2.43 1.79 n.B. 2.68 D.a. 2.n 1.28 1.29 1.16 1.06 0.97 1.08 1.50 1.31 1.49 1.17 1.35 

See footnotes at end of table. 

II-19 1I-20 

2.71 4.06 

3.05 3.09 
3.37 4.48 
2.66 3.64 
2.62 3.17 
I.B! 2.40 

1.88 2.10 
2.02 2.17 
1.76 2.10 
1.S? 2.22 
1.47 1.87 

1.58 1.80 
1.60 1.73 
1.39 1.50 
1.31 1.4? 
1.19 1.52 

1.23 1.46 
1.16 1.39 
1.05 1.51 
1.04 1.43 

II-21 

3.52 
.2.90 
2.29 
2.36 
1.70 

1.66 
1.61 
1.44 
1.76 
1.36 

1.26 
1.38 
1.36 
1.21 
1.12 

1.12 
1.10 
1.17 
1.10 
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Table B-7._ CAMPAIGN OPERATING AND INDIRECT MAN_HOURS PER TON OF BEETS SLICED, BY FACTORY, 1912_3Sa _ Continued 

- ~ ~ - - -

Area end factory 
Year 

II-22 II_2Sh II_24b II_25b II-26 II-27 II_28b II_29b II_30b 11-31 II_32 II_33b II-34 II_35b II-36 11-37 II_38b II-39 II-40 II_41b 

1912 
, 

1913 I 1914 
1915 
1916 

1917 3.08 2.60 2.33 3.07 3.67 3.33 2.70 3.00 2.35 4.16 3.36 4.40 3.60 2.44 2.41 3.37 2.57 6.34 2.37 
1918 2.74- 2.53 2.56 3.10 3.:31 3.34 2.57 3.20 2.80 3.40 3.99 4.37 3.44 2.13 2.03 3.10 2.18 3.39 2.47 
1919 2.22 3.02 2.59 3.14- 3.28 3.02 2.11 3.09 2.62 3.44- 4.20 D.a. 2.58 2.00 2.78 3.06 3.32 3.17 In.a. 3.93 
1920 2.03 3.03 2.60 3.12 3.39 2.96 2.21 2.96 2.91 3.37 3.75 2.81 1.87 2.52 2.22 2.77 2.16 12.88 n.8. 3.26 
1921 1.60 2.<8 2.30 2.32 3.02 2.19 2.06 2.46 2.35 2.66 3.18 n.a. 2.11 1.90 2.24 2.82 1.84 2.16 D.8. 3.16 

1922 1.52 2.42 1.92 2.13 2.43b b 1.75 2.51 2.41b 2.!55b 1.5gb 1.75 2.57 1.97f 2.2S
b 

D.a. D.a. n.e. n.a. D.8. D.S. 
1923 1.72 2.00 1.88 2.12 2.24b 2.39

b 
2.07 2.16 2.51 2.1Sb .2.57b 2.10 1.41b 2.02 2.1Sb 2.59 1.9S 110Mb n.e.. 3.S6t 

1924 1.50 2.1S 1.84 2.01 2.30b 2.11 1.75 1.92 2.28 2.0gb n.lIl. 1.96 1.43b 1.70 2.oabl 2.83 1.96 1.64h D.S. 2.99 
1925 1.61 2.13 1.63 1.98 2.1Sb 1.95b 1.70 1.S2 2.01 D.a. 2.43b 1.75 1. 41b 1.55 1.93b D.e. 1.59 1.60b D.e.. n.a. 
1926 1.33 2.05 1.80 2.21 i2.07b 2.04b 1.82 2.25 D.a. D.IIl. D.IIl. D.a. D.a. n.e. 1 93b D.B. I D.B. D.8.. tI.a. In.e. 

2.1~ 12.12b 
r:-

1927 1.33 1.96 I 1.95 1.91 2.09~ b 1.69 1.90 1.4Gb 1.S9 n.e. i n.a. 2.03
h 

D.B. n.e. D.a. n.B. D.a. ID.a. 
19,28 1.32 2.08 1.98 1.94 1.90

b 
2.02 LSI 1.95 2.04 2.0~ n ••• 2.21 1.42b 1.84 n.lIl. n.B. D.8. n.a. n.B. n.a. 

1929 1.30 2.10 1.91 I 2.01 11.93b 1.78b 1.74 1.95 2.11 1.93 .2.07b 1.86 1.3"b n.a. n.a. n.e.. n.e.. I n.e.. n.a. n.a. 
1930 1.16 1.89 1.69 1.89 1.77

b 
l.nb 1.'6 1.66 1.77 I.SSb 1.96b 1.67 1.34b Q.e.. n.a. n.a. n.a. In .•. n.a. 1l.8. 

1931 1.12 1.65 1.65 1.64 1.73 1.5gb 1.59 1.47 1.58 1.56b D.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. D.Il. , 
1932 1.08 1.53 1.57 1.59 1.Slb I.S6b 1.77 n.e. 1.40 1.5gb j 1.56b 1.34 n.a. n.a. n.a. n ••• a.a. n.a. n.e.. n.a. 
1933 1.07 1.42 1.50 1.64 1.71b 1.46b 1.39 1.51 1.45 1.47b 1.38b 1.37 Il.a. D.a. n.a. n.a. n.8.. n.a. n.e.. n.a. 
1934 1.09 1.51 1.62 11.48 I.Slb D.a. D.B. 1.78 1.41 D.a. D.B. 1.<8 0.8. n.a. n.a. n.a. n.a. n.e. .. n.a. n.a. 
1935 1.09 1.46 1.31 1.37 1.45b 1.55b 1.56 1.<8 1.36 1.36b n.e. 1.38 D.a. n.a. n.a. n.B.. n.8.. n.a. n.a. D.a. 

See footnotes at aDd ot table. 
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Table 8-?_ CAMPAIGN OPERATlliG AND INDIRECT MAN-HOURS PER TON OJ! BEETS SLICED, BY FACTORY, 1912_35a _ Continued 

Area and factory 
Year I --

1-46 I-• .,.! 1-488 I II-42 II_43b II-44! II_4~b j 1_49f I-50 I_51b c I-52 1_53b c I-54! II_5fib II-56 , II-fi? II-fiB I-fi9 

I --+-
1912 , ; I i 
1913 I i , 
1914 

I I91~ 

1916 

I 191'1 I 
1918 
1919 , 

1920 2.38 1.'1'1 3.11 2.76 
1921 1.54 1.75 2.43 2.27 2.92b 4.56 3.49 !2.34 
1922 1.47 1.~9 2.28b 2.31 n.a. 3.6? 3.19 2.19 
1923 1.50 1.39 2.40bl D.a. 3.22b 3.36 3.08 2.62 
1924 1.47 1.51 D.8. ' 2.47 2.91b 3.68 3.07 2.18 2.93 3.55 3.19 3.fi2 4.'1'1 
192~ 1.58 1.44 D.8. D.8. 2.87b 2.72 2.82 2.40 2.5~ 3.8? 2.58 2.76 3.85 2 • .,7 2.I'1h 4.33b 4.,,;11 2.39b 
1926 1.39 D.a. 2.28b D.8. 3.36b 3.54 2.64 2.20 3.02 3.~ 2.58 3.13 3.00 1.65 2.0lh 3.72h 3.9611 2.3Jh 

1927 1.36 1.56 D.a. tl.8. 3.39b 2.41 n.8. 2.17 2.33 2.82 D.a. 2.46 2.84 1.85 2.0011 2.68h 4.03h 2.38h 
1928 1.22 1.31 D.a. n.a. 2.eab 2.28 2.68 2.21 2.36 n.a. D.a. 2.28 3.15 1.80 1.72 2.06 3.33 2.04 
1929 1.22 1.31 n.a. n.a. D.a. D.S. D.I!I. Il.S. n.a. D.8. D.e. n.s. n.B. 1.60 1.~0 2.74 3.36 1.B2 
1930 1.18 D.Il. D.Il. D.Il. D.S. n.a. In.a. n.a. D.S. D.S. n.a. n.ll. n.s. 1.49 1.25 2.03 2.97 1.61 
1931 1.10 D.Il. D.Il. n.s. u.s. n.e. D..a. D.!!!. D..a. D.8. n.a. 11.15.. n.a. l.S2 1.08 1.56 2.74 1.54 

1932 1.07 D.a. D.a. D.a. D.S. n.s. D.a. n.B. n.a. D.a. n.ll. D.B. n.a. 1.52 1.00 1.~ 2.79 1.57 
1933 1.03 1.13 n.e.. D.8. D.Il. n.a. D.I!I. n.l!I. 2.1s" 2.71 2.42 2.57 n.a. 1.28 0.94 1.39 2.36 1.42 
1934 1.12 D.a. D.8. n.8. 2." 2.54 2.14 n.8. 2.058 2.19 2.28 n.B. n.a. 1.38 1.16 1.47 2.~ 1.48 
19311 n.a. n.B. n.B. n.ll. 2.B1 2.31 1.85 n.B. 2.13" 2.l?' 2.28 n.s. n.a. 1.41 1.12 1.86 2.33 1.,,7 

L-- -----

See footnotes st end ot' tllble. 

1-60 

2.37h 
2.29h 

2.I3h 
1.86 
1.78 
1.55 
1.~ 

1.43 
1.56 
1.48 
1.46 

II_61b 

2.39 

~ 
1.~ 
1.94 
1.74 
1.50 
1.42 

1.38 
1.34 
1.47 
1.34 
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Table B-7.- CAMPAIGN OPERATING AND nmnmCT MAN_HOORS PER TON OF BUTS SLICED. BY FACTORY, 1912-~· - Coutlnud 

Area and factory 
Yoar 

II_63b II-S2 11-64 II-S~ I-SS I-S"s I-Sas I_S9 1 1-70 II-7 II_'12b 11-'13 II_ •• f II_'15b I-.S 1-'17 II_78 II-79 I_ II-81 

1912 ! 
1913 
19a 
191~ 

191. 

191' 
1918 
1919 
1920 
1921 

1922 
1923 
1924 
1925 2.37 3.~4 

1925 1.89 1.9S 1.74 1.60 2.39 3.3~ ~ •• 35 2.54 

1927 1.S' 2.46 1.31 1.33 ~ 3.34 D.Il. 3.80 2.88 1.48 1.43 3.47 1.53 
1928 1.65 2.02 1.68 1.62 11.33 

1

3•41 n.a. 4.68 2.6~ 1.32 1.53 3.14 1.53 2.87 3.68 2.36 
1929 1.53 L89 1.47 1.4fi \1.15 n.e. n.a. n.e. : D.e. 1.20 1.41 3.09 1.42 1.97 4.00 1.83 
1930 1.43 1.66 1.46 11.32 i1.36 n.e. n.e. ID.e. D.a. 1.03 1.10 2.60 1.<0 1.51 3.18 1.67 1.70 1.16 
1'31 1.39 n.a. 1.26 :1.1. 11.10 D.a. D.e. jD~e. n.a. 0.94 1.0. 2.29 1.46 1.45 3.08 D.a. 1.66 1.01 

1932 1.26 D.a. 1.20 1.13 1.20 n.ll. in.a. In.a. n.a. 10.93 1.54 2.07 1.49 1.45 2.93 n.a. 1.68 0.98 
1933 1.26 D.e. 1.15 1.18 1.16In.o. n ••• In ••• n.a. 0.90 1.22 1.92 1.54 1.35 2.79 n.a. 1.5'1 1.00 2.29 2.23 
1'34 1.38 n.e. l.12 1.17 1.1012.97 2.62 n.e. n.8. 10.90 1.13 1.78 I D.8. 1.38 2.75 n.a. 1.34 1.1~ 2.07 2.14 
1935 D.!!!. n.e. 1.11 1.16 1.15i2.7~ j2.63 n.a. n.e. 0.88 1.08 12.00 1.56 1.32 2.24 n.e. 1.43 n.a. 2.19 2.12 

See footnotes at 8nd ot table. 
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1.58 
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Table B_7._ CAMPAIGN OPERATING.AND INDIRECT MAN-HOORS PER'l'<I{ aF BEETS SLICIID. BY PACTORY. 1912_35a _ Continued 

~=C--====--------=-.-':'--==----=-=:-..--:;__ _ _~---::;-=-'--=-----=-'--________ _ 

bData above the 11ne 1n each column are baaed upon the t1ret 
survey. condueted by the Net10nal Bureau ot Economie Reaearch in 
1927-29. (In columns where DO 11ne appears all data are rr~ the 
NRP - NBER survey.) Usually data tor 1927 or 1928 were obtained 
in both tha 1927-29 and the 1936 BurTeys. Inasmuch as the occu
pations included in the 2 BurTeys d1ftered slightly. the man-hOur 
data in the overlapping yeers also dUter sl1ghtly. In such in
stances the data ot the earlier survey bave been adjusted upward 
or downward in proport1on to the d1screpancy in the overlapp1ng 
years. Ratios ava11abla tor 1 year only are DOt included in tbi. 
table. The tactories. years,and ratios are: 

Area and factory Year Man-bours 
per ton 

II-84 1917 2.73 
II-85 1917 4.'1'3 
11-86 1918 4.14 
II-87 1924 2.23 

The year reters to that in which the tactory c~paign perIod began. 
The csmpeign period Covera the t~e tram the tirst slicing ot the 
beete to the time that all beets are proceesed. Deta cover oper_ 
ating and indirect labor during the campaign period beginn1ns in 
the specitied year. e%clusive of plant-ottice and central-ottice 
labor and labor devoted to pulp pressing and dryiD8. (See appen_ 
dins D and E.) 

The area is shown by the Raman numeral preceding the tactory code 
number. I indicates tbat tbe tactory is located east ot tbe Mis
Sissippi River or in Iowa or Minnesota; II, that it is located in 
some other State. 

bPart ot beet-shed man-hours not included. 

CUen-hours tor storekeepers. tUn.keepers. and clerka included tor 
years covered by tirst (NBER) survey. 

duau-houra tor campaign clean-up not included. 

euan-houre tor sugar melting and receiving not included. 

tMan_houre calculated by multiplying gross slicing days, total 
employees. and number at hours per ahitt. (Net 8licing days are 
normally used in obtaining man-hours by this method.) 

SMan-hours tor yardmen not included. 

hMan_houre tor storeroom and superintendence-clerka are included. 

iMen_hours tor pulp handl1ng end drying may be included. 

n.a·Data not available bec.nae plant is idle, diamantled. or 
leased to a company not surveyed, or tor aame other reaSOD. 
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Year 

--
1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

-

1927 
1926 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
193. 
1935 

APPENDIX B 

table B-8.- Dll'ERCAIIf'AIGN MAlI-BOURS PER 'rOll (8 BEErS SLICBD 
BY FACTORY, 1927-35& 

Area and factory 

I"'lb 0 1_2b c d I_3d I ..... b c d I_Sb 0 d 

0.87 1.55 1.63 1.81 
.8< 1.26 1.62 1.08 n ••• 
.51 0.84 0.63 0.67 n.a. 
.,< n.el. n .... D .... D.a. 

.'7 0.59 D .... D .... D.a. 

.47 0.B6 0.43 D .... D.a, 

.49 0.80 0.59 n .... 1." 

.88 1.14 1.19 n .... 1.18 

II-a II-9 II-IO II-ll 1I-12 

0.48 0." 0.45 0.49 0.40 
.62 .66 .57 .BB .<. 
.05 ... .5' .47 .0' 
.<, .40 .3' •• 8 ... 
.56 •• 6 .44 • 46 .S6 

.74 .n .66 .67 .66 
•• 0 .40 .44 ... •• 9 
.8' .9' .'0 .,7 .72 
.67 .53 .0' .66 .01 

II-14 II-IS II-lS II-I? II-lS 

0.54 0.46 0.44 0.53 0.66 
0.72 .61 .61 0.69 0.80 
0.66 .63 .69 0.8B 0.81 
0.62 .36 .36 0.S2 0.69 
0.71 .68 .46 o.sO 0.69 

0.83 .70 .71 0.76 0.69 
0.41 .50 ... 0.74 0.60 
1.01 .9' .. , 1.31 1.23 
0.81 .97 .78 0.91 1.07 

H-2D II-Z1 II-22 II_26e t II-2~ 

0.63 0.49 0.63 
1.22 .68 0.84 0.S8 1.12 
0.18 ••• 0.70 .86 1.68 
0.69 .44 0.66 .82 1.66 
D.5~ .. , o.eo •• 7 0.74 

0.45 .72 0.68 .60 0.15 
0.41 .<. 0.59 .. , o.n 
0.35 .,. 1.26 .54 n .... 
0.64 .7' 1.08 • 78 0.69 

II-32e f Il_34t II-42 1_46d 1.<'" 

0.67 
0.94 0.72 

0.79 1.17 0.67 
1.66 0.92 0.62 .... Il.a. 0.62 

0.68 n.a. 0.70 
0.47 n.a. 0.68 
n.a. n.a. 1.13 1.13 0.86 
n.a. n.a. n.a. I.U 1.0< 

See footnotes at end of table. 

163 

1-7 

1.06 
0.78 
0.t9 

0.5l 
0.91 
0.19 
1.16 

II-IS 

0.40 
.09 . .. ... 
•• 2 

.76 .. , 

.0' 

.08 

II-lS 

0.66 
0.99 
0.81 
0.54 
0.45 

0.36 
0.51 
l.Ui 
1.25 

II_31e t 

2.86 
0.82 
1.45 
1.10 

0.34 
0.72 
n.a. 
0.38 

I-4s" 

1.36 
0.92 



164 

roar 

192' 
1928 
1929 
19~O 

"01 

1932 
19~3 

"" , ... 
1927 
192, 
192. 
1930 
1931 

1932 
1933 
1934 
1935 

1927 
192e 
1929 
1930 
1931 

1932 

I 

19M 
19M 
}935 

1927 
i 1928 

1929 I 
19Z0 
1931 

1932 
1933 
19M 

'''_5_L 

BEET SUGAR 

'able 8-8.- nrrBJl::AJlPAlOI MlJI-BOORS PER !OI or BmS SLICED 
BY FACTORY. 1921-~6· .. CoutiDued 

Ar .. and f&ctory 

I-50 1_51b 0 d I-52 1_5:1b 0 d II_56! 

0.69 0.70 
n.a. 0.B7 
no •• 0.42 
n .... O.Bl 

D ••• 0.18 
0.92 0.66 1.60 0.66 0.52 

• 76 0.82 0,82 n .... 1.67 
n.", 1.19 n.ll, n.a. 1.30 

II-sat I-Sot 1-6of' II-52 I1-64 

0.43 0." 
1.52 0.98 0.56 .56 
1.19 0.94 0.62 .06 
0.70 0.66 0.43 0.37 .4' 
0.78 O.Bl 0.68 0.62 .54 

0.80 0.56 0.47 0.67 .09 
0.72 0.62 0.54 0." .40 
5.14 1.~7 1.36 1.06 .74 
0.68 1.03 0.99 n.a. .55 

1_66r 1-0'" I_sed II-7l II-74 

0.36 0.81 
0.98 .62 0.77 

.76 .4. 1.04 
• 5. ••• 0.77 
.37 .55 0.91 

••• 
I 

.01 0.50 
.37 .41 0.81 
.6' .70 n.a. 
.51 1.73 2.46 .51 1.00 

1_76° 1_77f II-78 II-19 1 .. 80 

2.20 
3.06 1.64 
1.78 0,74 0.59 
0.85 n ..... 1.22 0.15 

1.06 D.a. 0.42 1.03 
1.01 n.a. 0.52 0.16 
1.26 n.a. 1.58 1.85 0.99 
1.60 D.a. 0.52 n.a. 1.20 

II_57t 

0.72 
1.29 
0,81 
0.38 

0.40 
0." 
O. '72 
0.86 

II-B5 

0.59 
0.77 
0.86 
0,83 
0.79 

0,75 
0.62 
1.19 
1.12 

II-?S. r 

3,60 
1.29 
1.11 
0.46 

0.56 
0.63 
D.35 
0.69 

II-83 

1.33 
2.13 

aNRP-NBER field-survey data. The interCl8.lDpaign period includes that time in the 
fhcd yellr March lit to February 28th whioh r .. lls outside the campaign period. (The 
campaign period covers the time fram the first slicing of the beets to the ttme that 
all beets are processed.) Data cover all man-hours during the intercampaign period 
except central_office. The areas aTe indicated as in table B-7. 

bRatio is underNt1mated. ll8 aome intercampaign ma.n .. hours are included with campdgn 
b.n-hou.re. 

oRatio rerere to fisca.l y ... r other than Karch bt to February 28th. 

dAdministrative man"houra not included. 

emumber of administrative lIII.ll-hours in the years prior to 1932 aU\IIIIed to be the ..... 
as in 1932. 

tClerice.l and .. dmin1atratl ve man-hours apprOll:iDlted by aUUlI'ling that the same nuaber 
of clerieal and administrative men who worked itl the campaign period aleo worked 
durlne the interce.mpalp1 period. 

n.a·Date. not a"..Uable because plant is idle, dbtrantled. or leased to a CClDpan;y not : 
eurveyed, or for SOM other Teason. 



!able ~I.- AJlALYBII or CAllPAIOX lWf-BOUllS Pm '!'CS or IB!'fS SLICED. ALL lmJ'OHIIG FACT<IlIB8. In ... II'' 

A ... n'. UId. pod tion ..... ur .. Di8penlOft .uure. CODtlDCellt h.bor-... duotiOll ratlCMb 
_r 

Yoor 
o. 

A,"~. ...t , ...... cCMltti- --ri .. Ilo ~ 
"" 

~ '" 
WII d .... iation cl.nt of ratio • tt1dent 141 to Q,2 

<r~ di8peraiou to ... _thod 
Mdiu 

.... od 
.. thod 

(1) (') (') (f) (s) (5) (.) (8) (0) (10) (11) (1.) 

1916 20 2.09 .... 2.&50 :5.68 .... 2 .. 61 0 .. " 0 .. 28 O .. tl1 0 .. 20 O.lS 
1911 f. 2.08 2.49 3.025 3.60 .... .... ••• ..8 ••• • •• .18 
1916 ., 2.03 2.67 3.130 .... 4-.52 3.07 ." .1' ••• ... .15 
1919 •• '.00 2.4:4- 3.020 3.~2 6.18 .... • Of .18 • 81 .so .1' 
,.20 .. l.r7 2.29 2.766 S.IS: 5 .. 77 '.66 .5' .1' .5, ••• • 1. 

1921 f. 1." 1.93 2.240 2.78 4-.65 2.22 • f' ... .8. .S! .If 
1922 f' 1.47 1.62 2.126 2.51 8.36 2.18 ••• ... • •• ... .If 
1923 ,. 1.:59 1.90 2.120 2.61 6.03 2.16 .0. ••• .77 .36 • 10 
192" •• 1.4:3 1.80 2.l0S 2.92 5.21 2.14 ••• .u •• S ... .1f 
1926 5. 1.41 1.82 2.166 2.13 .... 2.20 • 58 ••• .8. .so .lO 

1926 •• 1.$3 1.15 2.096 3.01 4.35 1.9' .59 .55 • 5' ••• .1. 
1927 ., 1.26 I." 1.905 2.t6 4:.03 1.02 .5' .29 .8' . ., .21 
1928 .. 1.22 1.53 1.940 .... ".69 1.16 .51 .26 •• f ... .. , 
1929 •• 1.15 1.59 1.140 1.95 f.08 1.52 ... .zs ••• • •• .20 

"" 54 I." 1.29 1.606 1.77 3.18 1.46 ... .zs ••• • •• .,. 
"" .. 0.94 1.17 I.U5 1.59 S.08 1.$7 ••• ..0 ••• .U .18 
1932 .. O.9~ 1.18 1._ 1.59 3.62 1.46 .s. .Z' •• f .so .1. 
1933 58 0.90 1.17 1.:590 1.67 2.79 1.46 ... .24 ••• • •• .1. 
19" 68 0.90 1.11 1.4,80 2.01 2.91 1.69 .41 .2. .70 .n .21 
1936 •• 0.66 1.20 1.480 1.98 2.81 1.52 .M .2. ••• .42 .18 

-Symbols used arel Qo. lowest -.n-h.ou.r ratiO, Q.c:. h.iPteat _a-hour ratio, ft ... 1ght.d U'i'thMtio aMn of all t'lLtioa. 

bFor explanation a •• text. pp. 9"/ .. P. 

~ •• not reach ell i.a. 1936. 

Q, to Q • 
_od 

(IS) 

0.31 .., 
• •• .n 
••• 
.S! 
.n 
••• .so ... 
.42 

••• ••• 
••• .27 

••• 
.28 . .. 
.41 
.so 

Shlft inteJ"ftle 
(year.)b 

Qz to Ql Q.s to Ql 

(If) (16) .. 12 • .. .. .. .. I • .. ,. .. .. .. 
6. • • .. .. .. .. 
S • .. .. .. 
M (e) , . (0) 
f (0 ) 

(0) (0) 

(0) (0) 
(0) (0) 
(0) (0) 
(.) (0) 
(0) (0) 

> 

'"" '"" '" Z 
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Table B-I0.- IJIALYSIS OF CAMPAIGI !I.AN-liOlJRS PER TOI OF BEEtS SUCED. :11 IDDiTICAL FACTORIES. 1917_3S
a 

J.nrage aDd poll1 tlon _ .. eurea Dtepersioll. __ ,ures Contingent labor-reduotlon ratio.b Ar~-st&bil1ty meaauTeso Shirt lntern.1a 
(yean}b 

feu AT8r&ge lIost 
eviation Coeffi- ..... efficient 

Qo Q, Qz Qo Clo .. fr~ oient of ratio to .. 
oed ... dhpersion lIlethod .ethod 

(1) (2) (3) (.) (5) (.) (1) (e) (9) (10) 

1917 2.08 2.t9 3.00 I 3.35 5.82 2.78 0.66 0.22 0.64 0.26 
1918 2.21 2.10 3.14 3.37 4.52 3.11 ••• .15 .51 .2' 
1919 2.11 2.38 2.99 3.28 5.18 2.76 .53 .le ••• .2' 
1920 1.77 2.23 2.75 3.12 5.77 2.61 .'2 .19 .59 .32 
1921 1.60 1.85 2.18 2." 4.66 2.10 . ., .19 ••• ... 
1922 1.52 1.80 2.10 2.41 6.36 2.08 •• e .23 .1' .21 
1923 1.39 1.82 2.03 2.24 6.03 2.05 .42 .21 .11 .32 
1924 1." 1.76 1.94 2.15 5.21 1.95 ... ~20 .12 .2 • 
192' 1." 1.78 1.97 2.115 3.31 2.00 .2' .1. ." ." 
1926 1.33 1.53 1.81 2.07 4.02 1.70 . ., .23 .. , .22 

1927 1.26 1.47 1.60 1.96 2.62 1.55 .29 .1' •• 2 .24 
1928 1.29 1.·n 1.78 1.98 3.16 1.62 ... .20 .59 .20 
1929, 1.22 1.36 1.69 1.93 2.81 1.55 .32 .19 ." .21 
1930 . 1.08 1.24 1.56 1.93 2.58 1.40 .29 .19 .56 .23 
19S1 1.02 1.19 1.t2 1.59 2.64 1.35 .24 .17 .61 .2' 

1932 1.05 1.11 1.40 1.59 3.52 1." .S! .22 .10 .za 
1933 0.97 1.18 1.39 1.47 2.21 1.31 .21 • 15 .51 .2 • 
1934 0.99 1.17 1 ... 1.52 2.61 1.42 .21 .19 .. ' .29 
1935 0.97 1.11 1.36 1.49 2.68 1.35 .2' .lS ••• .ze 

aSyrabols used are, Qo. lowest un-hour ratio, ~. highest IUA-hour ratioJ 
1111, _ighted aritbra..tic mean of all ratios. 

bpar expu.n.Iltlon see text, pp. 9'1-9. 

01917 allea as base. Ill. this year there _ro 30 operatiDg tactories land 1 idle 
t'llOtOry. CclUJ1llls (IS). (15). m:l (11) shew the percfttage ot'the t'aotories in 

Peroent PeroClllt PeroClllt 
r-ining ill ~Wng in r-.1n1no in 

Q1 to ~ Q, to Il, upper hAlf lower half' aiddle M.lf 
method Oot'" Q2 to Ql ~ to Ql 

Eaoh L .. t Each L .. t Eaoh Lo,t 
,oor y.or yoor y.or yoor year 

(ll) (12) (lSi (a) (15) (IS) (11) (18) (19) (20) 

0.26 0,11 100.0 100.0 100.0 100.0 100.0 100.0 3+ 3+ 
.20 .,. 73.S 73.3 13.3 73.3 60.0 60.0 2. 2+ 
.21 .20 66.7 80.0 60.0 80.0 53.0 60.0 1+ 3+ 
.29 .19 ".1 66.7 53.3 73.3 5S.3 60.0 0+ 3+ 
.25 .15 66.7 13.3 ".1 66.1 ".1 13.3 .. .+ 

• 2' .a 60.0 66.7 40.0 60.0 40.0 66.7 • e • 
.19 .10 50.0 80.0 3S.3 80.0 26.7 66.7 2+ 1. 
.19 .0' 53.3 73.3 33.3 (6.7 26.7 60.0 .. •• 
.18 .10 40.0 60.0 20.0 53.3 26.7 60.0 3 5. 
.26 .1' 40.0 73.3 20.0 73.3 20.0 53.3 .. •• 
.26 .18 40.0 66.7 20.0 13.' 20.0 73.3 • + • .26 .11 40.0 73.3 20.0 66.7 U.S 66.7 2. • 
• '0 .20 40.0 73.3 20.0 66.7 13.3 60.0 • (d) 
.36 .21 40.0 13.' 20.0 .... •• 1 66.1 (d) (d) 
.25 .1. 40.0 80.0 20.0 66.7 •• 1 53.3 (d) (d) 

.26 

I 

.1. 40.0 13.3 20.0 13.3 •• 1 60.0 (d) (d) 
.21 .16 33.3 66.1 20.0 60.0 '.7 60.0 (d) (d) 
.23 .19 ".3 73.3 20.0 60.0 '.1 80.0 (d) (d) 
.21 .14 26.7 66.7 20.0 73.3 '.1 ".1 (d) (d) 

--

tho glTen hall' at the 1911 arra,y that ha_ ~illed oont1nuou61,. in ttat halt. 
Co1umnll (14), (15), e.nd (IS) aheM'the peroentage of the factories in a ,iveQ 
halt ~ the 1917 array that ..... hi. the .... balt' of the glyen-year arraJ. 

dDoea not roacb Ql in 1936. 
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1"able 8-11.- AHAL"ISIS 07 LINK m:LA'l'lUSe 07 C.AllPAIGN IlAN'-RCIIR RA!'ICJ3. 1913-~ 

Link re1.il ..... 

Yo.,. !>ere.ntag. dlairlbutlon by elB •• 
_or 

Neutral b Decrease Inc ..... 

(1) (2) (.) (.) 

1913 • " •• " n14 • 0 71 29 
19Hi • 0 •• .. 
1916 • 0 0 100 
1917 20 " 20 6ll 

1918 40 10 !>O 40 
1919 38 18 58 .. 
1920 •• 18 S2 21 
1921 .. • 91 2 
1922 •• 21 •• 2. 

1923 41 17 .. 37 
I ... .. .. 60 18 
1925 •• 11 53 3. 
1926 •• • 67 2 • 
1927 '2 21 65 13 

"28 .. 2S •• 29 
1929 52 21 •• I. 
"30 52 S 90 • 1931 •• 9 "18 I. 

1932 .. 28 I 52 20 
1933 4' 2. 

I 
07 20 

1934 51 " 39 •• 1935 55 31 , 45 •• 
---~ 

____ L __ ~ ____ ___ " .... _______ .-__ . __ 

aF1gure tor gl.eD year dl.id.4 by tigure tor preceding year. 

bChange was less than 2 percent. 

A ..... rage CoetUchnt 
ot 

Med1an 
de ... lat 10n 

dleperslODc 

(.) (S) (') 

0.896 0.13 O.Ui 
0.939 .0' .0. 
0.9~7 .OS .0' 
1.354- .09 .07 
1.076 .1' .1' 

0.978 .1' .1' 
0.941 .1' .14 
0.952 .08 .09 
0.820 .OS • 08 
0.972 .10 .10 

0.989 .10 • 10 
0.968 .0' .07 
0.971 .10 .10 
0.909 .14 .1' 
0.942 .10 .ll 

0.995 .08 .08 
0.940 .0. .0' 
0.896 .0' .0' 
0.9:56 .05 .0. 

0.976 .08 .08 
0.963 • 0. .0 • 
1.019 .0' • 0' 
0.990 .OS .06 

~-. I 

CA ... erage de.latioD dl.1ded by median. 

dCamputa4 by serial multiplication ot link relatlves. 

Ch~ln index 
ot med1an 1cfk 

re1at1Te. 
(,.,2=,00) 

(8) 

88 •• 
83.0 
79.S 

107.7 
U6.2 

113.6 
106.9 
101.8 
83 •• 
81.1 

80 •• 
77.6 
75.3 
68.' 
64.6 

64.1 
60.3 
54.1 
50.6 

49.3 
47.4 
411 •• 
47.9 

,.. 
'"" '"" '" :z 
o 
~ 

>< 
co 
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'" ... 



!able B-12.- INDEX OF CAlIPAIGN KAlI-ROUR RATIOS. 1912-35 

Jlumber Man-hours per tOD ot beets allQeda 
Link relati ..... 

Chain index ot 
Year of 

(2)..;.(3) 
link relatives 

faotorie8 GiTeD year PreQod1ng, year (1912:100) 

(1) (2) (3) (4) (5) 

1913 6 3.4:5 3.96 0.870 87.0 
1914 7 3.21 3.36 0.956 83.2 
1915 7 3.10 3.21 0.967 80.4 
1916 7 4.13 3.10 1.330 107.0 
1917 20 2.75 2.61 1.055 112.9 

1918 40 3.06 2.85 1.074 121.2 
1919 38 2.85 3.06 0.932 113.0 
1920 39 2.67 2.86 0.936 105.7 
1921 43 2.17 2.66 0.815 86.2 
1922 42 2.18 2.22 0.985 84.9 

1923 41 2.15 2.18 0.986 83.7 
1924 45 2.07 2.15 0.964 80.7 
1925 47 2.11 2.1" 0.985 79.5 
1926 49 1.94 2.25 0.861 68.4 
1927 52 1.83 1.95 0.937 64.1 

1928 58 1.73 1.80 0.961 61.6 
1929 52 1.61 1.69 0.955 58.8 
1930 52 1.41 1.62 0.906 5:5.3 
1931 46 1.37 1.42 0.966 51.5 
1932 46 1.42 1.31 1.036 53.3 

1933 49 1.33 1.44 0.926 49.4 
1934 51 1.50 1.46 1.032 51.0 
1935 55 1.52 1.60 0.949 48.4 

&computed fram aggregates of man-hours and tons of beets sliced tor all identical taQtories available iD oonaeoutive pair_ 
o£ years. 
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'fabb B-13.- I1WX " BEETS SLICED PER FAC!ctiy PiB. DAY, 1917-a~ 

Short ton. or beete sl10ed per d&,. Chain index of 
Y • .,. t.i.zIt rela" ft. link ... lat1fts 

Given year Preoedlng year (,.,7=100) 

(1) (2) (.) «) 

1918 .. , 1.023 0.969 96.9 
1919 1,073 1,012 1.060 102,7 
1920 1,156 1.066 1.OM 111.3 
1921 1,286 1,129 1.1:59 126.8 
1922 1,363 1,291 1,051 IS3.3 

19Z3 1,391 1,361 1,018 136.7 
1924 1,501 I,SSt} 1.101 150.2 
1925 1,368 1.462 0.929 139.5 
1928 1,480 1,337 1.101 IM.S 
1927 1,490 1,-'62 1.019 167.4 

1928 1,517 1,476 1.026 161.8 
1929 1,627 1,542 1.055 170.1 ,.", 1,628 1,622 1.00< 171 •• 
19:51 1,743 1,672 1.04,2 118.6 

1982 1,641 1,743 0.941 168.1 
1933 1,112 1.622 1.055 171.3 
,.34 1.900 1,619 0.990 115,6 
HaS 1,698 1,684 1.008 116.9 

&eQIIIPUted by diTicU.ng the aggregate toanage cf b •• t. ,UOIed by the factori .. u .. d in 
tabla 8-12 (all identical factori •• available in canseoutift pairs of years) by the 
total DUmber ot net oampaign days during wbioh the .lactories were ill operat1an. 

fable B-lt.- IBDEX OF BEETS SLICED, 1912-36& 

Beets sHoed Chain iDd8X ot 
Y .... (thousands or tonal LiDk relat1Te8 link relath •• 

Given year Praeading year (1912:::::100) 

(1) (2) (') «) 

1913 42. SOO 1.428 142.8 
1914 401 "'. 0.864 123.4 
1915 47. <., 1.060 129.6 
1916 2'. .,. 0.504 66.3 
1911 1,940 2,274 0.863 66.7 

1918 3,066 2.907 1.061 68.5 
1919 3,234 2,994 1.080 63.2 
1920 4,102 3,269 1.2.59 79.6 
1921 t,379 ",403 0.995 79.2 
1922 3,242 '.S66 0.142 68.8 

1923 3,841 3,222 1.194 10.2 
1924 4,181 3,969 1.063 74.9 
1926 4,299 4,352 0.988 73.0 
1926 4,924 4,567 1.078 78,7 
1921 6,562 5,251 1.06'7 ".2 
1928 _.302 6,016 0.881 13.3 
1929 5,404 5,074 1.066 7B.O ,.'" 6,418 6,466 1.185 92.5 
1931 6,628 6,llS 0.920 85.1 

1932 15,4.67 6,628 0,971 82.6 , ... 6,938 6,113 1.202 99.3 
1 ... S,S09 7 .... 0,107 70.2 
1936 6,617 ..... O,99S 69.8 

.Computed tram &&gregatea or to~ o.l beat. .1ioed b7 the tactori •• used 1n table B-IZ 
(all ldent!G&1 faotories uallable in oon.ecutiTe pAir. of y ... rs). 
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(191,.100) 

31 identical taotoriee: All factori •• 
y..,. ........ W.lg,hted ~b Uedlano Weighted. ...... 4 

1911 100.0 100.0 100.0 100.0 
1918 104.7 111.9 97.6 107.4 
1919 99.7 99.3 92.0 100.1 
1920 91.7 93.9 81.6 93.6 
1921 72.7 75.5 11.6 16.4 

1922 10.0 74.6 69.8 75.2 
1923 57.1 7S.1 69.1 74.1 
19U ".7 70.1 66.6 11.6 
1928 66.1 'Tl.g .... 70.4 
1928 60., 61.2 ... 0 60.' 

1927 60.0 69.4: 156.6 .... 
1928 69.:5 .... 55.2 .... 
1929 56.' 65.6 51.9 62.1 
1930 52.0 50.' .... .7.2 
19$1 47.3 .... ... , .... 
1932 46.7 62.5 42.4 47.2 
10 .. 46.0 47.1 <0 •• .... 
19U ".0 51.1 41.1 ".2 
1935 45.3 .... <1., 42.9 

ACcaputed trom tabl_ B-10, ~1. (,). 

beo.puted. trcw. table B-I0. 001. (0). 

°Computecl t~ tebh B-11. 001. (.). 

dCaalp1ted tJ'Oll. table 8-12. ~1. (0). 

Table B-16.- J,vElwn: HUllBER OF IiET CAMPAIGN DAYS. 1917-SeA 

Faotories 
y..,. 

All reportiDc Weetemb Ea.ternO 51 ldentloald 

(1) (2) (.) (.) 

1917 74.4 76.0 ! 75.5 
1916 60.' 81.7 78.8 
1919 76.3 77.4 60.5 
1920 89.6 90.7 # 91.7 
1921 79.1 80.2 # 8".8 

1922 59.5 60.' if 61.0 
1923 .... 69.3 65.4 69.7 
192. 68.2 59.4 63.0 67.9 
1925 67.4 68.0 64.7 70.1 
192$ 69.0 76.2 52.0 ,0.7 

1921 74.2 77.8 60.2 81.0 
1928 .... .... <1.7 .... 
1929 ".7 10.6 ".0 61.2 
lOW 76.0 80.0 66.2 11.2 
1931 72.0 68.0 ".1 11.9 

1932 75.1 61.8 96.5 73.6 
1953 79.7 80.7 76.S 81.4 
1954 67.7 51.4 61.6 57.3 
1955 58.S 80.2 54.3 68.1 

atm.el~ted .ee.n ot net bQp&1p. ~a ~r fie-tory, for tacrtcries reporting auch data. 

bYaotorl" welt of thl n .. lasippi Ri_r, except Ca1U'ol'n1.a, Ion.. aDd lIimleaota. 

°Yaetorl .. _It of the ll1 .. iea1ppi River aDd 1Jl low. lind llinnelot&. 

dID 1911-21 gro .. oupaip dayl weN uled for. plante tor wtliob net campaign daYI were not 
a_Uab1 •• 

h"nce not calculated. tor t ... r thaD • plant,. 
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table 8-17.- BEErS SLICED AND IIAH-HOUR RAl'tOS. 
EASTERN AND WESTERN FACTORIES. 1917 .. 36& 

Beet, slioed W.i&hted ~ of 
Humber man-hour ratio. 

ot 
Year faotori •• Thousands Peroent 

lIan .. hourl 
lndexb 

of toni of tot&! (19170100) 

Ilaat 1I.at East West Eaat 1I.at Eaat 1I.at Eaat 11 ... 

(1) (2) (,) (4) (5) (6) (7) (8) (9) (10) 

1917 7 S5 197 2,734 6.7 93.S 4.81 2.72 100.0 100.0 
1918 7 3. 407 2,664 13.3 86.7 3.64 2.98 75.7 109.6 
1919 7 S2 535 2,724- 16.4- 83.5 3.84 2.56 79.8 97.8 
1920 7 51 5B9 3,850 13.3 86.7 3.14 2.49 77.8 91.5 
1921 11 S8 76B 3,803 16.8 83.2 S.18 2.03 66.1 74.6 

1922 10 S2 "7 2,795 15.8 86.2 S.70 1.94 76.9 71.3 
1923 11 S8 807 3,485 H.B 85.2 3.48 1.93 72.3 71.0 
1924 I. S8 977 3,468 22.0 78.0 3.34- 1.81 69.4- 66.5 
1925 18 S9 1,264 3,769 25.1 14.9 2.ao 2.00 58.2 73.5 
1928 2. 54 1,212 t,213 22.3 17.7 2.98 1.68 82.0 61.8 

1927 20 41 1,159 5,019 18.8 81.2 2.59 1.64 53.8 60.3 
1928 21 .. 945 4,551 17.2 82.8 2.42 1.62 SO., 59.6 
1929 10 4' 620 4,879 11.3 88.1 2.03 1.56 42.2 57.4 
1930 10 .. 884 6,778 13.3 86.7 1.91 1.39 39.7 51.1 
1931 6 40 7740 4,854 13.a 86.2 1.71 1.31 36.8 48.2 

1932 8 42 1,070 4,854 IS.l 81.9 1.87 1.37 38.9 50.4 
19Z. I. 4. 1,35. 6,963 16.3 83.7 1.89 1.38 39.3 50.7 
1934 18 40 1,502 4,297 25.9 74.1 2.05 1.43 42.6 52.6 
1935 IS 41 1,252 4,669 21.2 78.a 1.97 1.40 41.0 51.5 

~he "i .. ia.iitpi River divides eutarn and weltem plants, exoept that "inne.ota 
and Iowa plAnts are inoluded in the .... tern group. 

bCamputed fro. oola. (7) and (8). 

table B-18.- CAlIPAllJi, IlITERCAJlPAII1i, CENTRAL-OFFICE, AllD FAC'l'ORY..oFFICE 
MAN-HOURS FER TON OF BEETS SLICED, 1927_35& 

Central-
Campaign 

Campaign Interoampaign 
otfioe operating and (exoept eentn.l .. 

Total factory offioe 
Y..,. man- indirect o1'fioe) .... - hourse 

houreb 
(entire NUJIIber at Yan- Number ot -- Number of 
year) tactorie. houra faotorie. bouro tactoriell 

1927 2.61 0.11 SS 0.04 .1 1.82 21 
1928 2.'11 .11 55 .05 54 1.76 51 
1929 2.63 .10 5Z .06 63 1.S2 09 
1930 2.14 .08 54 .04 54 1.46 42 
1901 2.10 .09 406 .04 4. 1.37 "" 
1932 2.20 .10 U .03 50 1.46 S8 
1933 2.14 .08 66 .03 58 1.46 .. 
1_ 2.70 .14 52 .04 68 1.59 .. 
1935 2.66 .12 63 .03 59 1.62 .. 

--
-..n..hour ratioe are weighted "lUll at n.tioa tor indlvidw.1 factori ... 

b S-' ot t1,;ure. In following oo1U1m1. 

°B .. 04 on data for 3 beet-sugar companies, except in 1929-31 when oDl7 
2 reported uad 1934-36 wben 5 reported. 

...... 
bou ... 

0.54 
.79 
.76 
.56 
.60 

.61 

.57 

.911 

.S9 
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Tab1. 8-19.- lIAR-HOURS PER TON OF BEl!TS SLICED EIIBODIED IN IIACHIlIERY 
REQUIREMENTS, 27 BEET-SUGAR FACTORIES, 1927-35 

Based on Annual Charges to Depreciation 

Charges to Man-hours TotELl Beets e lioed Man-hours 
man-hours (thousands per ton o£ 

Year depreoiation per dollar 
( thousands) of beets eliced 

(thousands) ot values 
(1),(2) short tons) (3~4) 

(1) (2) (3) (4) (5 ) 

1927 $1,705 0.913 1,557 3,660 0.48 
1928 1,665 0.868 1,445 3,100 .47 
1929 1,742 0.821 1,430 3,379 .42 
1930 1,731 0.815 1,411 3,872 .36 
1931 1,737 0.928 1,612 3,289 .49 

1932 1,689 1.196 2,020 3,267 .62 
1933 2,020 1.104 2,230 4,153 .54 
1934 1,433 1.013 1,.452 2,223 .66 
1935 1,510 0.968 1,462 2,754 .53 

aPrepared by the "Studies in Equipment Changes and Industrial Techniques" 
3ection of the National Research Projeot. 

Table 8-20,- MAN-HOURS PER TON OF BEETS SLICED EMBODIED IN MACHINERY 
REQUlREMENTS~ 27 BEET-SUGAR FACTORIES, 1927-35 

Based on Gro88 Investment 

Cumulated 

Gross annual Total Annual Ma,n-hour. 

Year investment&. average man-hours man-hourse per ton 

(thousands) of man-hours (thou8&.nds) (thousands) of beets 
per dollar (1)x(2) slicedd 

of valueb 

(1) (2) (3 ) (4) (5) 

1927 836,284 0.928 33,672 1,581 0.43 
1928 36",776 .921 33,871 1,590 .51 
1929 37,230 .911 33,917 1,592 .'7 
1930 37,567 .903 33,923 1,593 .41 
1931 36,529 .905 33,059 1,552 .47 

1932 37,879 .927 35,114 1,649 .50 
1933 38,745 .940 36,420 1,710 .41 
193. 39,064 .945 36,915 1,733 .78 
1935 39,299 .946 37,177 1,745 .63 

arotal investment in maohinery and equipment. less retirements. 

bBased on man-hours per dollar of value for 1920-35 sho1lll in table A-4. 
001. (2). The ratio for anyone year is the &.verage of the ratios for 
the preoeding years inoluding the given year. Data were Dot available 
before 1920. 

°Col. (3) divided by 21.3, whioh is the estimated average length at 11te, 
in years, of machinery and equipment in beet-sugar faotories. 

deo1 • (4) divided by tab1. 8-19, 001. (4). 
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Table B-21.- COST PBR 1OD-POUJD BAG OF BEET SUGAR, 1922 AND 1929-

Oampaign year 

It. beg1nn1Dg -

1922 1929 

lUmber ot faotori •• 69 66 
Beeto usod (.hort tOIlS) 4.712.3SO 6.809.274 
Sugar produoed (lOO-lb. bog.) 12,316,001 18,627,510 

Cost per Coat per 
100 pOUlld. 100 pound. 
of luger of sugar 

D01- Per- Dol- Per-
lara cent lor. cent 

lIat ooat of produotion (inoluding intere.t) 6.13 100.0 4.78 100.0 

lIat coot of produotion (exoluding intaroat) 5.26 66.7 4.54 90.8 

Credit tor byproduct. -0.30 -5.0 O.Z5 -7.4 
Total coat ot produotion 5.56 90.7 4.69 98.2 

Coat ot rlllJ material. 3.37 55.0 3.18 66.6 

Coat ot beeta 3.37 65.0 3.06 64.0 
Beet. 2.91 47.5 2.61 64.6 
Trln8portat1cm 0.21 3.4 0.21 4.3 
Reoeiving 0.25 4.1 0.24 6.1 

coat ot r_ INgar and molu ••• 0 0 0.12 2.6 

coat of aalLutaoturing 2.19 36.7 1.51 31.6 

Coat of conversion 1.90 30.9 1.34 28.1 
llenutacturing 1.41 22.9 1.02 21.3 

Labor 0.36 6.9 0.28 6.0 
IIa.1ntenance and repair 0.30 4.9 0.23 4.8 
Hateri~18 and 8upplies 0.75 12.1 0.50 10.4 
other 0 0 0.01 0.1 

J'lOtOry burden 0.49 8.0 0.32 W 
Insurance 0.03 0.6 0.02 0.6 
Taxes 0.12 2.0 0.06 1.4 
Depreciatlcm. 0.34 5.5 0.24 4.9 
other 0 0 • • 

General and administrative expense 0.29 4.8 0.17 3.6 

ll1onnoe tor interelt 0.81 14.3 0.44 9.2 

IlIputed inter.at on owner.' net equity 0.67 11.0 0.36 7.5 
Inter.at paid em borrCllFOd o.p1t&lb 0.20 3.3 0.08 1.7 

"Booed OIl _lat101lS prepared by the United state. Tariff C.-1.aiem. 

bxet of intereat paid and reoei ftd. 

*Less than to.005 or 0.05 peroent. 



Table 8-22.- .cosr PER l00-POUND BAG OF BEET SUGAR, 49 IDENTICAL FACTORIES, BY CAPACITY, 1922 AlID 1929& 

Capa.city in campo,ign 7-.r beginning -

Item 1922b 1929 

te.s than 1,100 to 1,700 or te •• than 1,100 to 1,~ to 1.100 or 
1,100 1,399 over 1,100 1,399 1,699 over 

Number of factories 26 13 8 13 11 13 12 
Beet. used (short tona) 1,:513,931 1 .. 202,332 1,220,793 758, TI6 801,983 1,369,925 2,461,411 
Sugar produced (100-1b. bags) 3,524,870 2,914,195 3,449,497 2,076,079 2,362,356 3,498,331 6,863,B09 

Cost (dollars) per 100 pounds of sugar 

Bet cost or production (including interest) 6.07 5.B6 5.73 4.93 4.76 4.93 4.47 

Bet oost of production (excluding interest) 5.20 5.14 4.83 4.53 4.31 4.49 4.10 

Credit for byproduct. -0.24 -0.33 -0.25 -0.40 -0.31 -0.39 -0.31 
Total coat o~ produotion 5.44 5.47 5.08 4.93 4.62 4.68 4.41 

Coat ot raw materials 3.25 3.48 3.14 3.23 3.09 3.30 3.10 

Cost of beet. 3.25 3.48 3.14 3.15 2.99 3.17 2.93 
Beets 2.78 3.09 2.72 2.61 2.49 2.76 2.54 
Transportation 0.18 0.21 0.23 0.24 0.17 0.19 0.21 
Receiving 0.29 0.18 0.19 0.30 0.33 0.22 0.18 

Cost of raw sugar and molasses 0 0 0 0.08 0.10 O.~ 0.17 

Cost of manufaoturing 2.19 1.99 1.94 1.70 1.53 1.58 1.31 

... 
~ .. 
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Cost of manufacturing - ContiDued 
Cost of oonversion 1.90 

Manufacturing 1.39 
Labor 0.35 
Maintenanoe and repair 0.31 
Materials and supplies 0.73 
otber 0 

Faotory burden 0.51 
Insurance 0.03 
~.'axes 0.10 
Depreciation 0.38 
otber 0 

General and administrative expense 0.29 

Allowance for interest 0.87 

Imputed interest on owners' net equi~ 0.51 
Interest paid on borrowed capitalC 0.36 

-_._-

aBased on tabulations prepared by the United states Tariff 
Commission. Capacities are in terms of short tons of 
beets sliced per day. 

boata for 1,400-1,699 clas. withheld to avoid disclosing 

1.74 1.63 1.50 1.34 
1.26 1.23 1.13 0.96 
0.32 0.31 0.36 0.26 
0.29 0.24 0.26 0.23 
0.67 0.68 0.51 0.47 
0 0 • • 
0.46 0.40 0.31 0.36 
0.02 0.02 0.03 0.02 
0.12 0.12 0.06 0.08 
0.32 0.26 0.28 0.28 
0 0 0 0 

0.25 0.31 0.20 0.19 

0.72 0.90 0.40 0.45 

0.68 0.15 0.22 0.35 
0.04 0.15 0.18 0.10 

information for individual factories. 

CHet of interest paid and received. 

"Less than to.005. 

1.41 
1.07 
0.31 
0.26 
0.49 
0.01 

0.34 
0.02 
0.09 
0.23 
0 

0.17 

0.44 

0.40 
0.04 

1.17 
0.94 
0.26 
0.20 
0.46 
• 

0.23 
0.02 
0.05 
0.16 
• 

0.14 

0.31 

0.36 
0.01 

> 
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TobIe 8-23.- COST PER l00-POUND BAG OF BEET SUGAR, 30 IDENTICAL FACTORIES, BY CAPACITY AND 
UNIT LABOR REQUIREMENTS, 1922 AND 19298 

Capaoity in oampaign year beginning _ 

1922 1929 

It.,. Below 1,250 1,250 or over BelO11' 1,250 1,250 or over 

Loss 2 or Lo .. 2 or Lo •• 1.7 or Le •• 1.7 or 
than 2 more than 2 more than 1.7 more than 1.7 more 
man- man- man- man- man- man- man- man-

hours hours hour. houri hours hours hours hours 

Humber or factories 5 10 11 4 4 3 11 6 
Beets used (short tODS) 311,422 548,206 1,481,701 432,529 222,803 211,549 2,931,195 359,784 
Sugar produced (l00-lb. bags) 936,690 1,514,261 3,803,730 1,055,605 628,512 691,680 1,700,780 1,124,922 

Cost (dollars) per 100 pounds of sugar 

Net cost of produotion (inoluding interest) 6.61 6.04 5.41 6.81 4.58 4.48 4,48 5.04 

Bet ooat ot produotion (exoluding interest) 4.76 5.10 4.75 5.20 4.13 4.08, 4.12 4.54 

Credit for byproduct. -0.33 -0.22 -0,24 -0.25 -0.40 -0.28 -0.34 -0.25 
Total coat of produotion 5.08 5.32 4,99 5.45 4.53 4.36 4.48 4.19 

Coet of raw material. 3.30 3.11 3.29 3.45 1 3.07 2.86 3.12 3.08 

Cost of beet. 3.30 3.11 3.29 3.45 3.05 2.71. 3.00 2.91 
Beets 2.97 2.66 2.91 3.07 2.62 2.32 2.68 2.39 
Transportation 0.17 0.111 0.22 0.20 0.13 0.14 0.11 0.17 
ReoeiTing 0.16 0.28

1 
0.16 0.18 0.30 0.28 0.15 0.35 

... .... 
'" 
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Cost of raw material. - Continued 
Cost of raw sugar and molasses 0 0 0 0 0.02 0.11 0.12 0.11 

Coat ot manufacturing 1.78 2.21 1.70 2.00 1.46 1.51 1.34 1.n 

Coat of conversian 1.SS 1.88 1.49 1.71 1.26 1.34 1.19 1.51 
lla.nufaoturing 1.13 1.41 1.14 1.45 0.91 1.00 0.95 1.06 

Labor 0.28 0.32 0.26 0.36 0.25 0.28 0.26 0.21 
Mainton .. nc. and repair 0.26 0.33 0.25 0.28 0.25 0.20 0.21 0.26 
Materials and supplies 0.59 0.82 0.63 0.81 0.40 0.51 0.47 0.52 
other 0 0 0 0 0.01 0.01 0.01 0.01 

Factory burden 0.40 0.41 0.35 0.32 0.35 0.34 0.24- 0.46 
Insurance 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 
Taxes 0.12 0.12 0.11 0.11 0.09 0.08 0.06 0.12 
Depreoiation 0.26 0.21 0.22 0.19 0.24 0.26 0.16 0.31 
other 0 0 0 0 0 0 0 0 

General and administratiT8 expense 0.25 0.33 0.21 0.23 0.20 0.11 0.15 0.20 

Allowanoe tor interest 0.86 0.94 0.66 0.61 0.45 0.40 0.36 0.50 

Imputed interest on owners' net &quit,' 0.61 0.66 0.62 0.62 0.37 0.30 0.37 0.36 
Interest paid on bor~ capitalb 0.26 0.28 0.04 -0.01 0.06 0.10 -0.01 0.15 

------------ --- ---- -- - -- - -

&sased on tabulations prepared by the United Stat •• Tariff Colllll1.sion. Capaoitie. are in te .... ot ohort tons ot beet. 
slioed per ciq": man-hours. in terma of campaign man-hourI per ton ot beets slioed. 

bJfet ot interest paid and reoel. ved. 
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Table B-24.- COST PER loo-POUND BAG OF BEET SUGAR, 49 IDENTICAL FACTORIES, 
BY ARF~. 1922 AND 192s& 

======~-------~~ I 
I Item 

Campaign year beginning -

1922 ~------~~ -+, 
antern area I Western area Eastern area 

Number of factories 
Beets used (short tons) 
Sugar produced (lOO-lb. bags) 

6 
242,542 
530,568 

43 6 
3,594,831 188,455 
9,569,274 659,583 

1929 

Western area 

43 
5,203,580 

14,240,992 

Cost (dolla,..) per 100 pounds of sugar 

Net cost of production (including interest) 

Net cost of production (exo1uding interest) 

Credit for byproducts 
Total cost of production 

Cost of raw materials 

Cost of beets 
Beets 
Transportatinn 
Receiving 

Coat of raw sugar and molasses 

7.26 

6.18 

-0.61 
6.79 

4.09 

4.09 
3.27 
0.31 
0.61 

0 

5.86 5.63 4.65 

5.03 6.07 4.26 

-0.26 -0.66 -0.34 
5.29 5.72 4.59 

3.26 3.59 3.15 

3.26 3.58 3.00 
2.04 2.72 2.59 
0.21 0.26 0.20 
0.21 0.60 0.21 

0 0.01 0.15 

... .., 
Cll 

'" '" '" ..... 

'" c: 

'" > 
'" 



Total oost of produotion - Continued 
Cost of manufaoturing 2.70 2.02 2.13 1.44 

Cost of conversion 2.33 1.14 1.83 1.28 
ilanufaoturing 1.91 1.29 1.30 0.99 

labor 0.45 0.33 0.37 0.28 
Maintenanoe and repair 0.45 0.27 0.33 0.22 
Materials and .upplies 1.01 0.69 0.58 0.49 
Other 0 0 0.02 • 

Faotory burden 0.42 0.45 0.53 0.29 
Insuranoe 0.03 0.02 0.03 0.02 
Taxes 0.23 0.11 0.25 0.06 
Depreoiation 0.16 0.32 0.25 0.21 
Other 0 0 0 • 

General and administrative expense 0.37 0.28 0.30 0.16 

Allowanoe for interest 1.08 0.83 0.56 0.40 

Imputed interest on owners' net equity 1.11 0.63 0.39 0.35 
Interest paid on borrowed oapitalb -0.03 0.20 0.17 0.05 

aBased on tabulations prepared by the United State. Tariff Commission. The Mississippi River separates the 
two areas. 

bNet of interest paid and reoeived. 

-Les. then to.005. 
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Table B-25.- CHANGES IN EMPLOYMENT OF LABOR ACCCldPANYING THE INSTAllATION 07 MACHINERY 
IN 26 BEET-SUGAR FACTORIES, 1922-358 

--

Machines installed 

Year 

Number Value 
of units (dollars) 

Total l5~ 634,567 

1922 4 3,600 
1923 6 2,700 
1924 0 -
1925 2 15,300 

1926 0 -
1927 0 -
1928 14 65,481 
1929 14 90,985 
1930 15 97,602 

1931 1 8,140 
1932 

U 
19,167 

1933 -
1934 31 198,eoS 
1935 53 132,787 

----

8Date not comparable from year to year, since only 
the lnste11~tions for which the employment effects 
were reported are included. 

Factory labor 
(number of DlBn) 

per shiftC -

Embodied laborb 
Displaced I Added 

(lII8ll-hours) ---t-----~ -
~91,423 164 34 

3,672 0 0 
2,511 4 0 

- - -
13,464 0 0 

- - -- - -
56,968 0 15 
74,608 22 0 
eo ,034 75 0 

7,570 13 0 
23,000 1 0 

- - -
200,793 41 19 
128,eo3 8 ~ 0 

----- ~---~-- -------
bValue multiplied by man-hours per dollar ot value 
shown in table A-4, col. (2). 

cBased on nat etrect of Bach installation. 
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Table B_'..&._ nAR-TO-lXAR NET CHANGES m UTILIZATION OF LABOR, 31 IDENTICAL FACTORIES, 1917-358 

~-~ 

Beets sliced Ithousande Chanaee 1n men-boure Itbo~ 
ot sbort tons) 

Man-bours per toa I 
ot beets sl1ce<! I Men-hours due to ch 

sands) eincs preTioue year 
angss 1n -

Year , I Ch&DB_ "Dce 
(thousands) 

! 
--~----

I Men-hours 

I 

Change sines embodied in Men-hours 
I e~bodied 1n 

mllChinery 

Total of Gl",sn year preceding G1Ten yearb preceding machineryC Product ion I per ton of 
three factors yoar , yoar 

1917 2,528 I - 2.78 - , 
191e 

I 

2,469 -09 3.11 ... 0.33 

I 
1919 2,700 +239 2.76 -.·35 
1920 3,498 +791 2.61 -.15 
1921 3,542 ... 2.10 -.51 

I 

1922 2,592 -900 2.08 -.02 

I 
1923 3,194 +60" 2.05 -.03 
1924 3,382 +11l8 

I 

1.95 -.10 
1925 3,176 -206 2.00 +.05 
1926 3,600 ..j.4·25 1.70 -.30 

1927 3,877 +277 1.65 -.05 
1928 3.237 -640 1.62 -.03 
1929 3.516 +279 1.55 -.07 
1930 4-,081 +565 1.40 -.15 
1931 3,583 -51'1 1.35 -.05 

1932 3,6715 +112 1.46 .... 11 

I 
1933 4.477 +802 1.31 -.15 
1934 2,691 _1,786 1.42 .... 11 

+351 1.35 -.07 

1,873 -
1,402 -165 ". +743 

570 "'2,182 
97 • Ull 

140 -1,995 
401 H.2:i2 

I 
751 +~6 

l,Ol? -402 
433 +849 

12' +470 
349 -1,056 
59. 

i 
+452 ... .875 

234 
I 

-724 

I 340 +151 

534 -2,339 I 
283 +498 

beet s sli ced 

-
.815 
-948 
-525 

-1,806 

-.. 
-96 

-338 
H:'i9 

-1,080 

-194-
-97 

-246 
-612 
-178 

+404-
-672 
+296 

-471 
-724-
-108 
+402 

-83. 
+261 
+350 
+266 
-584 

-311 
+227 
+.45 
-50 

-310 

+106 
+672 
-4-78 
-251 

U79 
-929 

+1,54-9 
-1.290 

_2,879 
+1,411 

+398 
+23 

-815 

-35 
-926 
+451 
+213 

... 1.212 

+661 
+1,171 
-2,521 

+34 I 
1,012 I +1,171 

1935 3,042 L -213 L--_--------.------__ ~ ____ 
-- ------ L._ 

aln the messurement ot the net yearly change 1n the number 'of man-hours 
expended (N). ohe.nges in 3 tectors were taken into con!l1deration: the 
quantity of beets sliced IP). the n\IDber ot man-bours required per too 
ot beets sliced (R), and the number of man-hours embodied 1n machinery 
purchased 1M). To dete~lne man-hour chenges attributable to change. 
in production, the differences between production 1n the giTsn and 
preceding years (P1-Pol was multiplied by the man-bour ratio for the 
preceding year (Raj. Since this d088 not take into account changes In 
the men-hour ratiO, the man_hour changee attributable to changee 1n 
tbe ratio were detennlned by lI1Ul Up1y1ng the difference between the 
ratios in the gl'Y8n end preceding years (R1-Ro ) by the Quantity of 

beets sliced 1n the given yesr (P~). Changes in men-hours embodied 1n 
machinery were mee.sured by yeer-to_yeer ditferences (N1-Mo ). Thus 

N,' 8F,-FoIR01+ [IR,-RoIF,J +[M,-MoJ. 
The assumption implic1t in this procedure 1s that yeer-to-:yeer changes 
in output ere largely independent ot changes in unit labor require
ments. 

bTeble B-I0. col. (6). 

cTable A-.... col. (3). 
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APPENDIX C 

ADJUSTMENTS OF CENSUS DATA FOR REGIONAL BREAK-DOWN 

The establishments producing beet sugar were classified ac

cording to geographical location into three groups: group I, 

including all factories in California; group II, all factories 

in beet-sligar-producing States west of the Mississippi River 

except California. Iowa. and Minnesota; and group III. the fac

tories in beet-sugar-producing States east of the Mississippi 

and in Iowa and Minnesota. 

The break-down of production for the United States was derived 

by including the available Census of Nanufactures groupings of 

States under one of these three groups. In many cases, however, 

where the classi fication "other States!1 cut across these group

ings, data for factories in some States were necessarily included 

in data for States in another group. usually group II. Where 

production data for such factories were available from other 

sources, they were removed from the gronp in which the census had 

placed them and included in the correct regional group. Pro

duction data so handled were found in the data of the NRP-NBER 

Held survey and (fClT Wiseonsln factories fortheyears 1920 and 

19221 in the Yearbook of Aerleulture. '922 IU. S. Dept. Agr .• 

Bur. Agr. Econ .• 19231. p. 780. 

It should be noted that in the y-ears 1899, 1918, 1920, lQ.22, 

and 192~. group II is too large and group III too small by not 

more than four establishments or 5 percent of the total production 

of 51lgar; in 1908 group I is too large and group I I is too small 

by three establishments; in 1903, 1913, 1926, 1<)28, and 1931 the 

break-down is correct. 

The terms "factory!' and "establishmentll are not synonymous. 

Two or mOfe factories in the same locali ty and under common owner

ship may have been reported to the census as One establishment. 

As a result! the actual number of operatin2' factories exceeds 

establishments as given in the census by 7 in 1Qo8 and by 5 in 

1913, the most recent years for which data are avai lable. The 

production adjustments were made for individual factories. 

1B2 



APPENDIX D 

MEASUREMENT OF MAN-HOURS EXPENDED IN REFINING 
MOLASSES B1 THE STEFFENS PROCESS 

A beet-sugar factory produces two byproducts J molasses and beet 

pulp. The labor-requirement ratios analyzed in this study, how

ever, are based only upon beets sliced and sugar produced. The 
plants were put on a comparable basis wi th regard to the treatment 

of pulp by eliminating pulp-drying man-hours in those plants 

where pulp-drying man-hours were expended. 1 Similar adjustments 

were not made for Steffens operations. 

A number of difficulties were introduced because some plants 

operate a Steffens house while others do not. 2 The number of 

hours and the production of sugar are not comparable in Steffens 

and non-Steffens plants, because some of the sugar is Steffens 

sugar extracted frommolasses. In addition to the molasses pro

duced by the plant operating the Steffens, molasses transferred 

from sister plants of the same company or purchased from the 

plants of other companies is frequently treated in the Steffens 

process. In ot her words, not only do some plants produce more 

sugar per ton of beets sliced because of the presence of Steffens 

operations, but Steffens plants themselves produce varying amounts 

of sugar relative to the tonnage of beets sliced because of the 

fact that varying quantities of foreign molasses in addition to 

home-produced molasses are treated in the Steffens operations. 

In some plants no record is kept of the amounts of sugar produced 

in the Steffens alone. Raw sug~r is produced in Steffens op

erations and is melted and thrown back into the other operations 

of t he factory. Nor can man-hours a ttribu tab Ie to Steffens oper

ations be completely segregated. A record is kept of the man-hours 

expended directly in the Steffens operations, but the proportion 

of the additional factory overhead labor required as a result 

of Steffens is not easily estimated. 3 Inview of the difficulties 

of solving the problems of noncomparability of man-hours and 

production arising out of the influence of Steffens, an analysis 

1Han-hours expended ror drying pulp are discussed In appendix E. 
2See p. 7tora statemento! the !unctlon per!ormedtythe Stetrens operatIon. 
3Conslderable quantit1es or steam tram the factory ~ollerhouse as well as 
consIderable quantItIes or ground lImestone tram the lime kiln are requ1red 
ror Stertens operations. The Stetrens house also requires the services at 
the tactory laboratory. 

1B3 



184 BEET SUGAR 

was made to ascertain the extent of the error, if any, introduced 

by the noncomparability. Table D-l presents the campaign op

erating and indirect mao'-hours (including Steffens man-hours) 

per ton of beets sliced in various types of Steffens and 000-

Steffens plants. Standard man-hour ratios for 1931+ (the average 

of the ratios for the years 1933-35) for individual plants were 
classified under the various groups, and an unweighted mean was 
calculated for the plants falling within each grouping. Ratios 

are shown separately for eastern and western plants. The Steffens 

groupings include la) plants with no Steffens, (b) all plants 

with a Steffens, (el plants with a Steffens, processing only 

home molasses, (d) plants with Steffens, processing foreign as 

well as home molasses, and (el Steffens plants for which it is 

not known whether foreign molasses is processed in addit ion to 

home molasses. 

It should be observed that a slightly greater number of campaign 

man-hours per ton of beets sliced are required in Steffens plants 

than in non-Steffens plants. Plants treating molasses from for

eign plants in their Steffens operations expend fewer man-hours 

Tabl. D-I.- STANDARD MAN-HOURS PER TON OF BEETS SLICED FOR 
BEET-SUBAR FACTORIES, BY TYPE OF STEFFENS OPERATION 

AND BY GEOGRAPHICAL AREA, 1934" 

All reporting Area 

factories Eastern Western 
Type of Steffens 

operation Number Number Number 
of fac_ Man_ of fac- Man- of fac_ Han-

tories hours tories hO-.J.rs tories hours 

Non_Steffens 36 1. 57 13 2.08 23 1. 29 

ste ffens. total 30 1.66 7 2.39 23 1. 46 

Treating only 
home molasses 5 2.27 3 2.62 2 1. 75 

Tr~ating home 
and foreign 
molasses 22 1. 51 4 2.22 18 1.35 

Treating home and 
possi bly for_ 
eign molasses 3 1. 95 0 - 3 1. 95 

8Standard ratlOS ror 1934, are unweighted means or the rat10s ror 1933-35.' 
Han-hours shown represent unweighted means or the standard ratios for inal
vidual ractories. 
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per ton than Steffens plants which treat only home molasses. 

This seems to indicate that increased Steffens operations are 

accomplished with a smaller proportional additional labor force. 
Extreme care should be used in analyzing the table because of 

the great influence exerted by the geographical location of the 

plants within each of the various groups. The influence of lo
cation is so great as to overshadow the influence of the Steffens 

operations. 

Although non-Steffens plants appear to be somewhat more ef

ficient than Steffens plants in the utilization of labor, the 

difference is so small that it has relatively little effect upon 

other classifications and analyses. Hence, no attempt has been 
made to es t ima te and separa te out the add i t ional sugar produced and 

man-hours expended in a piant as a result of Steffens operations. 

It should not be inferred from the discussion above that dollar 

cost per unit of output in Steffens plants is greater than dollar 

cost per unit of output in non-Steffens plants. The raw material 

of the beet-sugar factory is sugar beets, the cost of which rep

resents about 50 percent of total costs. The raw material of 

the Steffens operation is the residual molasses of the main op

erations and is treated, therefore, at no additional cost for 

raw material. 



APPENDIX E 

MEASUREMENT OF MAN-HOURS EXPENDED IN PROCESSJNG PULP 

The second byproduct in the manufacture of beet sugar is pulp.l 

Pulp is produced in three major forms: wet, pressed, and dried 

(which includes molasses pulp). 

Varying amounts of labor are required to process each of these 

three forms, Wet pulp requires a relatively insignificant amount 

of labor, pressed pulp a greater amount, anddried pulp the great

est amount. Of the three forms, only the processing of dried 

pulp requ ires an expendi t UTe of labor of more than 0.1 man-hours 

per ton of beets sliced. 

All man-hours allocated to t he process ing of pressed and dried 
pulp were removed in order to eliminate from the campaign operat

ing and indirect man-hour totals the labor allocated to the 

production of this byproduct. 2 Since no significant increases 
in personnel in contributing departments are required for the 

treating of pulp, no adjustments were made for this factor. 

VARIATIONS IN PULP MAN-HOURS 

It is interesting to note that more pulp man-hours are expended 

in the drying of pulp per ton of beets in the plants located in 

the eastern area than in the plants in the western area. This 

should not be taken as indicating that the eastern plants utilized 

their labor less efficiently in the processing of dry pulp than 

did the western plants, but rather that the eastern plants proc

essed their pulp more thoroughly. From table E-l it can be 

seen that in 1934 the average standard dry-pulp man-hours expended 

per ton of beets sliced for plants in the eastern area was 0.25 

whereas the average western plant used 0.13 dry-pulp man-hours 

per ton of heets sliced. 

H~wever, an increase in productivity in the processing of dry 

pulp can be noted as having taken place in the last decade. In 

192$ the average number of man-hours uti lized for dry pulp per 

ton of beets by the 13 plants for which data are available was 

l The other bYDrOduct. molasses, 1s discussed 1n 8Dpend1x D. 
2The man-hours required to handle we t pulp were considered too small to 
warrant removal. 
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Tabl. B-I.- STANDARD DRY-PULP MAN-HOUR5 
PBR TON DP BEETS SLICED, 1934' 

Item 

Average standard dry_pulp man-hour 
ratios 

Number of factories 

Western 
factories 

O.la 

9 

187 

Eastern 
factories 

0.25 

la 

SStandard rat10s tOr 11J134 are unwelghted means ot the ratios tor 1933-35. 
Man-hollrs shown represent unwelghted means of tbe standard rat10s tor 1ndi
vidual factories. 

0.25 man-hours. In 1935 the average dry-pulp man-hours per ton 
of beets for 21 reporting plants had declined 28 percent to 0.18 
man-hours. 3 In both of these years the reporting plants were 

composed of approximately 60 percent eastern plants and 40 percent 

western plants. 

3'I'hese average dry-pulp man-hOUrs per ton of "Deets were computed by dividing 
the aggregate number Or dry-pulp man-hours tor reporting plants by the ag
gregate quantity or washed beets s11ced Cor the 5ame plants. 
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PRINCIPAL OCCUPATIONS IN THE BEET-SUGAR FACTORY! 

CLA.SSIFICA.TION 

Unloaders 

Flumers 

Trash catchers 

Beet washers 

Weighers 
Cutter men 
Knife filers 
Knife setters 
Ce n f i ners 
Cell dumpers 
Pulp handlers 
Tank men 
Carbona tors 

Fi Her pressmen 
Laundry men 
Evaporators 

Tank men 

Sugar boilers 

Crystallizer men 

Cent'rifugal men 
Sugar me lters 
Granulators 

Sugar weighers 

DuTY 

BEET BND 

Receiving beet from field at storage bins 
at beet dump and storage shed. 
Controlling supply of beet from storage 
to factory. 
Picking stones, trash, etc. from beets 
before washing. 
Attending beet washer. 

Automatic beet weighing. 

Attending beet-slicing machine. 
Sharpening beet-slicer knives. 
Adjusting knives in slicing machine~ 
Loading and attending diffusion battery_ 

Discharging pulp from diffusion battery. 
Drying and storing pulp from diffusers. 
Measuring juice to carbonator. 
Controlling juice, lime, and sulphur 
mixing at carbonation stations. 
Attending filtering at juice. 
Washing and repairing filter-press cloths. 
Attending multiple-effect evaporators. 
Attending juice and sirup tanks after 
evaporation. 

SUBAR END 

Graining sugar at vacuum pans. 

In charge of sugar in crystallizers. 
Spinning white and brown sugar. 
Melting brown sugar. 
Operating granulator and drier. 
Automatic sugar weighing. 

IThe follow1ng are not 1ncluded 1n th1s Classlr1catlon: administrators. 
super1ntendents, foremen, ass1stants, central- or factory-ottice workers. 
cler1cal employees. etc. 
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CLABBIriCATION DUTY 

Bag sewers 
Sugar truckers 
Sugar pilers 

Water tenders 
Firemen 
Flue blowers 
Coal passers 

Engine men 
Oilers 
Electricians 
Machinists 
Blacksmi t hs 
Pipe fitters 
Carpenters 

Rock breakers 
Rock washers 
Coke men 
Lime shovelers 
Skip men 
Slaker men 

Burners 

Weighers 
Cooler men 
Filter pressman 
Mixers 

Heater men 

SUBAR END-Continued 

Sewing end of bags when filled. 
Trucking sugar from scales to warehouse. 
Piling bags in warehouse. 

80tl.r.· •••• 

Feeding water to boilers. 
Stoking boilers. 
Cleaning boilers. 
Maintaining fuel supply to boilers. 

Attending steam engines. 
Lubricating machinery. 
Maintaining and repairing electric system. 
Repairing mechanical equipment. 
General ironwork and millwright work. 
General pipe work. 
General woodworking. 

LIME KILN 

Preparing lime for kiln. 
Prepal"ing lime for kiln. 
Attending kiln. 
Loading and unloading lime kiln. 
Conveying lime to kiln. 
Mixing milk of lime. 

SULPHUR STATION 

Preparing sulphur for juice carbonation. 

STEPPBNS HOUSB 

Weighing molasses for process. 
Attending cooler precipitators. 
Attending filter presses. 
Mixing saccharate and juice. 
Attending liquor heater. 



1110 

CLASSIFICATION 

Chemists 
Samplers 

Elevator men 

Crane men 

Laborers 

BEET SUGAR 

DuTY 

LABORATORY 

Chemical analysis and control. 
Obtaining samples for chemical analysis. 

8ENERAL 

Attending elevators and conveyors. 

Operating power cranes. 

Assisting at various stations in minor 
capaci ties. 
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THE WPA NATIONAL RESEARCH PROJECT 
ON REEIIPLOYIlENT OPPORTUNIT IES AND RECENT CHANGES 

IN INDUSTRIAL TECHNIQUES 

Under the authority granted by the PreSident In the Execu

tIve Order which created the Works progress Administration, 
AdminIstrator Ha~ry L. Hopkins authorized the establishment 
or a I'esearch program tor the purpose ot cOllecting and ana
lyzln~ data bearIng on prOblems ot employment, unemployment. 
and reI Ie!. AccordinglY, the National Research program "88 
establl shed In October 1936 under the supervision or Corrington 
Gill, Assistant Administrator or the WPA, who apPointed the 
directors or the indiVidual studies or projects. 

The proJect on Reemployment OpportunItIes and Recent Changes 
In Industrial TeChniQUeS was organlZed In December 1936 to 
Inquire, with the cooperation at industry. labor, and govern
mental ano private agenCies. into the extent ot recent changes 

In Industrial teChniques and to evaluate the etrects or these 
changes on the Volume or employment and unemployment. David 
.... eint,..au.b and I,..ving Kaplan, members ot the researCh staU 
ot the DiVision or ResearCh. StatIstiCS, andrtnance, wereap

poInted, respectIvely, DIrector and ASSOCiate Director or the 

pro,ec:. The task. set tor them was to assemble andorga.nlze 
the e:xtsting data wnich oear on the proolem and to augment 

tnese data by tleld surveys and analyses. 

To thIs end, many governmental agenCIes whIch are the col
lectors and repOsitorIes of pertInent InformatIon were In
vited to cooperate. Tbe cooperating agencies ot the United 
States Government Include the Department ot Agriculture, the 

Bureau or Hines ot tbe Department at the Interior. the Bureau 
at Labor Statistics at tbe Department at Labor, the Rallroad 

Retirement Board., the SocIal Security Board. the Bureau ot 
Internal Revenue ot the Department or the Treasury, tbe De

partment or Commerce, the Federal Trade Commission, and tbe 
Tarltf Commission. 

Tbe follow1ng private &ienc1es ,01ned wah the Nat10nal 
Research Project 1n conduct1ng speCia.l stud.1es: tbe Indus
tria.l Research Department or tbe Univers1ty or PennSYlvania. 

the National Bureau Of EconomiC Researcb, Inc., the EmplOY
ment Stab1lIzat1on Research Inst1 tute of the Univers1 ty ot 
MInnesota, and the AgrICUltural EconomIcs Depart.m.ents In the 
AgrIcultural Experiment StatIons or CalifornIa, Ill1nols, 
Iowa, and New York. 



WORKS PROGRESS ADMINISTRATION 

F. C. HARRINGTON 
ADMINISTRATOR 

WALKER...JOHNSON BUIL.DING 

1734 NEW YORK AVENUE NW. 
WASHINGTON. D. C. 

February 16, 1939 

Colonel r. C. Harrington 
Works Progress Administrator 

Sir: 

The brick and tile manufacturing industry saw its 
all-time production peak 30 years ago. Despite the 
growth in the demand for construction materials since the 
first decade of this century) the displacement of brick 
and tile by other types of materials kept the volume 
of production below former peaks even during the height 
of the construct ion boom around i925. At the same 
time J technological progress resulted in increased la
bor product i vi ty and a st eady decl ina in the number 
of jobs available in the industry. Sharp production 
cycles J coupled with a high seasonality of operations) 
helped to make employment conditions in this industry 
decidedly unstable. 

In 1869 the manufacture of 1,000 common brick re
quired more than 27 man-hours of work. During the next 
50 years the labor required dropped to less than 13 
hoursJ and by i925 only 9 man-hours were needed. The 
4, H5 plants operating in 1909 employed an average of 
76 J 500 wage earners and produced an equivalent of 15.7 
billion common brick. In 1925 almost as much brick -
15.4 billion - was produced by 57,600 wage earners in 
1,528 plants, While in 1935 only slightly over 17,000 

workers were used to manufacture the 3.4 billion bricks 
in the 708 plants that operated during that year. 

The report transmitted herewith analyzes the many 
factors which have thus affected the job opportunities 
provided by the briCk and tile industry. Recovery of 
employment in the industry depends J of course J primarily 



on an increased volume of construction J but the product ion 
prospects are limited by the declining use of brick and 
tile in construct i.:Jn. Reemployment opportuni t ias are 
further limi ted by the fact that an increased degree of 
plant-capacity utilization is likely to result in a rise 
of productivity considerably beyond present levels in 
operating plants and in an increased share of the total 
output produced in the larger and more efficient plants. 
Also J if past experience is repeated J a major upturn 
in activity is likely to be followed by the construction 
of new .. more efficient plants and by the improvement 
of the equipment of existing plants and the installation 
of new and improved machines. 

Should the 40-hour week become the governing stand
ard in this industrYJ however J and should the existing 
deficiency in housing result in a return to even a i929 
level of construction activitYJ it is probable that the 
conservativeness of builders J together with the influ
ence of the exist ing building codes which favor the use 
of briCk .. will result in a volume of reemployment suf
ficient to approach the employment level of 1929. 

Respectfully yours, 

Corr ingt on Gi 11 
Assistant Administrator 
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PREFACE 

Any appraisal of employment prospects in an industry must rest 

on the outlook for production and the trend of productivity. 

The outlook for production, in turn, depends upon market pos

sibilities, price changes, the structure of the industry, its 

economic organization, and its industrial policies. The proper 

interpretation of the trend in labor productivity presupposes 

an appreciation of the industry's technology and of prospective 
changes in its production techniques, and a knowledge of trends 

in the size, number, and location of plants, as well as of their 

relative capacities and productivity levels and of existing and 
prospective degrees of capacity utilization. 

It is only rarely that the data needed for such an appraisal 

can be made available without detailed studies based on field 

surveys. Yet it is only through the accumulation of such in

tensive industry studies that prospects for the economy as a 

whole can be properly evaluated on the basis of the prevailing 

trends in the economy, the relationship of these trends to the 

flow of capital into producers' goods and of purchasing power 

into the hands of consumers, and the effects of changes in the 

character of that flow on employment opportunities. 

This report on brick and tile manufacture is one of a series of 

studies based on plant records collected through a field survey. 

It presents a detailed picture of the economics of the industry 

and analyzes the effects of the operat ion of a variety of factors 

Oll. the volume of employment. Such studies, of course, cannot be 

done for all of the country's industries. But certain industries 

can be selected and made to serve as illustrations of types of 

economic situations and their relationship to the question of 

employment opportunities. 

Thus, in the case of the brick and tile industry, the manu

facturing plants are scattered throughout the country wherever 

suitable clay deposits are available and where there is a demand 

for their products. In the past, concentrations of population in 

the Middle Atlant ic, Eastern, and North Central States have made 

these regions the largest consumers and, in view of the products I 

bulk in relat ion to their value, also the largest producers of 

brick and tile construction materials. The population trends 

xvii 
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of the future may be expected to have a profound effect both 

on the volume and location of production. 

The all-time production peaks were in the years 1906 for common 
brick, 1909 for vitrified brick (used principally for paving), 

1910 for drain tile, and 1925 for building tile and face brick. 

There is no reason to believe that the trend of demand for drain 

tile, which depends largely on agricultu.re, and for paving brick 
will be reversed; common-brick production even at the peak of 

the post-war boom was equal to only three-fourths of the 1906 

level. Activity in face brick and building tile is closely 

related to the volume of construction, and here tluctuations in 
building activity, as well as changes in styles and types of 

building, have vitally a!!~cted the number of job opportunities. 

During the last 30 ye~rs the demand for brick and building tile 

has been facing the increasing compet it ion of other kinds of 

building materials. 

Another factor which bears on employment prospects is that 

although the mining of clay and the forming of the brick are 

highly mechanized in most plants, the handling of the "green ll 

and burned products st ill generally calls for a large amount 

of unskilled labor. Labor costs therefore canst i tute a large 

part of total costs and exert considerable pressure for further 

technological improvements. 

The nature of the product ion processes in this industry is such 

that as output falls away from capacity levels the labor require

ments per uni t of product increase to an unusual extent. Between 
1925 and 1929 the effects of the drop in production on the degree 

ot plant-capacity utilization and on unit labor requirements were 
barely offset by the improvements in labor utilization made during 

that period. After 1929 the drastic further decline in production 

so reduced ope rat ions of individual plants that, unlike most 

other manufacturing industries, man-hour requirements per unit 
of product actually increased considerably. The productivity 

level therefore is an important factor in reemployment prospects 

when viewed from the vantage point of the depression. 

These factors and others which must be considered in an ap

prafsal at employment prospects in the brick and tile industry are 

analyzed in detail in this report. Prepared by Miriam E. West, 

the report is a product of a cooperat ive arrangement between 

the National Research Project on Reemployment Opportunities and 
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Recent Changes in lndustrial Techniques and the Nat ional Bureau of 

Economic Research. The plans for this study were prepared under 
tbe general direction of lrving Kaplan, who in his capacity as 
Associate Director of the National Research Project also coordi
nated the work of other sections of the Project which contributed 
tothis report. The execution of the study and the preparation of 

the report were directed by Harry Jerome and William A. Neiswanger. 

The completed manuscript was edited and prepared for publication 
under the supervision of Edmund J. Stone. 
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INTRODUCTION 

This is a case study in industrial change, having as its major 

objective the attainment of a fuller understanding of the effects 

of such change upon labor displacement and reabsorption. 

The processes by which employment opportunities are enlarged 

or restricted can by no means be reduced to a few simple rules. 
Industries differ widely in their economic characteristics, and, 

in turo, the type, rapidity, and effects of technological cbange 

vary with the conditions and characteristics of the industry. 

Hence, the impact of technological change must, if it is to be 

understood, be examined under diverse conditions, i. e., in in
dustries having varied economic characteristics. 

This report covers one of a group of five industries examined 
according to a common pattern of analysis. The five selected 

industries are brick and tile, portland cement, wheat flour, 

lumber, and beet sugar. These industries were selected chiefly 

because the principal product of each is relatively standardized. 

While, except in the lumber industry, the number of workers em
ployed in anyone of them is not large, it is also true that the 

very large industries must, as a rule, be broken down into smaller 

segments to attain a workable homogenei ty of output and economic 
characteristics. The definition of the scope of the industry 

and the collection of the necessary data are simpler for a small, 

relatively homogeneous industry like beet sugar than for an 

equally homogeneous segment of a larger industry. It is believed 

that the behavior patterns ascertained for these relatively small 

industries will be of value as case studies illustrating the way 
in which changing productivity and employment are probably related 

in other industries. 

The effects of technological change can be studied from many 

points of view - as revealed in the personal work histories of 
individual workers or in the economic fortunes of selected oc
cupations upon which a change impinges, as associated with the 
history of whole communities sharing the fate of a flourishing 

or a declining industry or with the history of the development 

and introduction of selected types of machines, or, lastly, as 

recorded in the output and employment records of individual es

tablishments in selected industries. 

xix 
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The last-ment ioned approach is used in the survey covered by 

this report. The unit of analysis is a single, relatively homo
geneous industry. An effort is made to bring to bear on the 

problem all the available pertinent data, but a major distinctive 

feature of the survey is the collection of year-by-year time 

series for individual pl~nts. 

As a minimum these plant series cover employment, in terms of 
man-hours, and output, in standardized uni t5 or in a form reducible 

to equivalent units. 1 For many plants supplementary data were 

collected showing major equipment changes and their effects, 
changes in investment in equipment, and cba.nges in the distribution 

of cost, in the volume of power and raw materials used, and in 

the unit prices of products. The period of time covered varies. 

A few records extend back for 25 years or more; for some brick 

and tile plants data are available for two decades. As a rule a 

plant was not surveyed unless data could be obtained for at least 

7 years. Most of the data were compiled by field agents directly 

from the company records, supplemented by verbal information 

from the plant executives. 

Two other distinctive features of these productivity surveys 

should be noted: lal the attention to the integrated aspects of 

the industry and Ib l the effort to relate the changes in pro

ductivity to financial and economic characteristics. 

In recognition of the fact that the conditions of operation in 

one stage of an industry may be closely related to changes in 
antecedent and subsequent stages, where adequate" data are avail

able an effort has been made to appraise the changing labor 

requirements in the entire vertical structure of the industry, 
from the extraction or cultivation of the raw materials to the 

delivery of the finished commodity to the user. In the factory 

stage of some of the industries surveyed, the two decades just 

passed have seen a substantial reduction in the labor required 

per unit of output. It is for this stage that we have been able 

to obtain the more complete and detailed information, but it is 

pertinent to inquire whether or not the available evidence indi
cates that the improvements in productivity in the processing 

stage have been offset by increasing labor requirements in the 

preparation of the raW materials used in the factory or in the 

distribution of the factory products. In the brick an<l tile 

lSee table A-32 tor Individual Plant un-hour ratIos der1ved trOll the o~tput 
and employment data. 
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industry, for most plants, the excavation of the raw materials 

is integrated with the fabricating plant. The analysis of labor 
utilized in the plants is supplemented by estimates of labor 
devoted to the mining and transportation of the coal used for 
burning, and also the labor devoted to the transportation and 
merchandising of the finished products. 

From the point of view of productivity in the over-all vertical 

structure of the industry, the problem of changing labor require

ments may be stated thus: Does it take more or less labor for 
the complete production of a good from the initial production of 
raw materials to the delivery to the consunier? Particularly, 

are such improvements in productivity as are observed in the 
fabricating stages of such nature that their result is an increase 
in the labor required per unit of output in other stages of 

the vertical structure? It is conceivable, for example, that a 
reduction in labor requirements in the processing stage may 

be accomplished by a geographical concentration of production 
which results in an offsetting increase in the labor required 
in distribution. 

The data available for some of the elements in the vertical 

structure are so fragmentary and lacking in precision that the 

picture for the vertical structure can be painted only in broad 
outlines, although enough is known in general about the changes 
in the allied segments to reach a conclusion as to whether they 

limit materially the significance of the more precisely measured 
changes in the factory-processing stage. 

An objective description of the rates of change in employment 

and productivity in an industry and in its constituent parts is 
a necessary first step, but we have sought to supplement this 

minimum object i ve analysis wi th whatever informat ion would throw 
light on the circumstances which have determined the rates of 

change in total employment and in unit labor requirements. 

The general scheme of analysis is to ascertain first what 

fluctuations in employment have taken place in the industry, then 
to examine, in chapter III, the extent to which the Observed 
changes in employment are ascribable to changes in total output 

and what circumstances account for the changes in the level of 
production. Obviously that portion of the change in employment 

which is not ascribable to changes in the total volume of output 

is to be accounted for by changes in the man-hours required per 

utit of output and this leads, in chapter IV, to a detailed 
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examination of the information concerning variation in ma~-hour 
ratios afforded by the records of individual establishments. 

In analyzing thesEr,records we have endeavored todifferentiate 
between that portiol( of the observed improvement which arises 

from improvements in productivi ty of plants after they first come 
into operation and the improvements in the industry as a whole 
arising from a changing plant constituency. It is conceivable 
that the over-all productivity of an industry may improve without 

any change in productivity in the individual plants. This ap

parent anomaly is readily possible if the more efficient existing 

plants produce an ever larger share of the total product, if new 
plants enter the industry at a higher level of productivity than 

the general average, or if t he plants which disappear from the 

industry are those with high labor requirements per uni t of output. 

In the effort to appraise t he relative contribntion of improve

ments in existing plants and of a shifting industry constituency 

we are led to examine the variations in man-hour ratios when the 
plants are classified by size, age, geographical location, per

centage of capacity utilized, and process. Aside from their 
contribution to the immediate problem stated above, the observed 
differences are of interest for the light they throw on the causes 
of differences in productivity. 

Also, it is pertinent fo examine the relative rates of change 
over time in the man-hour ratios of the several types of plants 

and the variation in rates of change in periods of active and 
of less active operation. 

Special interest attaches, it is believed, to the estimates made 
for each plant of attainable capacity in each year and the per

centage of capacity actually utilized. It is found that a large 

part of the short-time fluctuat ions in man-hour requirements is ex

plainable in terms of the percentage of capacity produced. Hence 

any est imates of th e probable fo ture employment opport uni ties in an 

industry must take into consideration not only the trend in unit 

man-fiour requirements but. even more, the probable influence on 
unit labor requirements of the anticipated volume of output. 

Chapter V is devoted to a summary of the observed employment 

tendencies in the brick and tile industry, particularly the rela

tion between economic characteristics and the cbange in total 
employment and in unit labor requirements. 

The present survey has been conducted cooperatively by the 

National Research Project and the National Bureau of Economic 
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Research and is, in part, a continuation of a survey inaugurated 

by the Nat ional Bureau of Economic Research in 1927 to supplement 

its studies in the changing mechanization of industry. The ini

tial stages of the survey, hereinafter referred to as the "first 

survey", were conducted, under the direction of Mr. Jerome, in the 

summers of 1927, 1928, and 19.29, chiefly in portland cement, 

beet sugar, and lumber in the Pacific Northwest, with a smaller 
sampling in brick-and-tile and in wheat-flour manufacture. The 

"second survey" extended the lumber sample into Southern Pine 
areas and SUbstantially expanded the number of clay-products and 

flour-milling establishments studied. Data were obtained for as 

many years as available, covering output, man-hours of labor, 

and accompanying changes in methods and e'l.uipment. The early 

records resulting from the first survey have made it feasible to 

extend the present study further back in time than would otherwise 

have been possible, for in many instances in the intervening 

period data for the earlier years have been destroyed by the 

companies or otherwise have become unavailable. The results of 
the first survey were partly utilized ina report on Nechanization 

in Industry published by the National Bureau of Economic Research" 

but have never been fully presented. 

The general plan for the second survey followed closely that 

of the first survey, but the subject matter of the inquiry waS 

widened in certain respects, and the broad scope of the National 

Research Project made it possible to bring much supplemental and 

collateral data to bear upon the findings of the field study. 

Plans for the second survey took form under the general direction 

of Irving Kaplan. who in his capacity as Associate Director of 

the National Research Project coordinated the work of the other 

sections of the Project whose studies contributed to this report. 

Carroll R. Daugherty and J. van Horn Whipple collaborated in 

the preparation of the schedules pertaining to e'l.uipment and 

process changes. 

The basic information concerning the factory-processing stage 

of the industry was obtained by field representatives from the 

records of brick and tile companies. The voluntary cooperation of 

the industry was indispensable to the success of the survey. and 

special thanks are due to the many executives who gave generously 

of their time and advice. Their cooperation was so essential 

2Harry Jerome, Mechanization in IMustl"Y (New York.: Na.tional Bureau or 
rConomiC Research, Publication No. 27, 1934). 
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and significant as to merit special and individual mention, which, 
obviously, we cannot give without revealing the identity of co
operating enterprises. 

The evidence contained in the individual plant histories obtained 
in the field survey has been supplemented by the available pub

lished data pertaining to the industry and by special tabulations 

of data collected by other Government agencies. We are indebted 

to the Bureau of the Census for a special tabulation of employment 

in those plants of the machinery industry making clay-working 

equipment. 

To a larger degree than can be readily indicated, these reports 

are the cooperative product of many individuals and groups in the 

National Research Project. Secondary sources were examined by 

research un i t5 under the supervision of Alexander Gourvi tch in 
New York and William H. Dillingham in Washington, D. C. Numerous 

reports for our use on selected aspects of the development and 

economic characteristics of the five industries resulted from this 
work. From the railroad-transportation section of the Project 

came data on the basis of which was calculated the labor reQ.uired 

in the transportation of various commodities. Valuable estimates 
of changing labor reQ.uirements in the production of fuel were 

prepared by Nicolas Yaworski. 

The machine-study section of the Project under the supervision 

of J. van Horn Whipple and George Perazich made two major con

tributions to the productivity studies in the five selected 

industries: (a) a report On the evolution of techniQ.ue and the 

progress of mechanization, dealing with each industry,3 and (b) an 

estimate by years of the labor utilized in the manufacture of 
machinery for each industry, expressed in the ratio form "man

hours per dollar" selling price of the machines. These estimates 

are based upon data concernlllg output and employment obtained 

from the records of establishments making machinery for the use 

of the five in4ustries covered by the productivity surveys. 

The analysis of the mechanization data was supervised by Alfred 

J. Van Tassel and the analysis of labor utilized in the manufacture 

of machinery was supervised by Solomon A. Lischinsky. 

It is scarcely feasible to specify all of the members of the 

staft who in some way have contributed to the meticulous editing 

3See revortbyA. J. Van Tassel and D. Bluestone. Mechan1zat1on 1n the Br1ck 
Industry (WPA Nat10nal Research Project. 1n prevaration). 
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and analysis of the data utilized in this report. Willia;ll F'. 
Stewart supervised the general editing and statistical analysis 
of the individual plant histories, assisted by Hans H. Landsberg 

and others. The computation of the common-brick equivalents of 
the diverse output of plants making two or more products was 

supervised by Sidney M. Lerner. Estimates of attainable capac

i ty of each plant were prepared by Bernard Nortman and Myron 

Schmittlinger. The sample analysis was preparell by Edith H. 
Handler. Special mention should be made of the contributions of 

C. D. Bray who, after serving in an important administrative 

capacity in the field survey, directed the analysis of schedules 

of e'luipment changes collected from the plants. Ruth Eisner 

served as general statistical assistant to Dr. Jerome. 

The integration of the evidence obtained from the individual 

plant histories wi th the available material from secondary sources, 

and the preparat ion of the manuscript of this report are t he work 

of Miriam E. West assisted by Edward G. Manning. The charts 

were prepared by Edmund W. Jones and Andrew J. Terzuoli, Ruth 

Kastelansky assisted in the compilat ion of material from secondary 

sources, and Joseph P. Cohen, Barbara S. Holmes, and Alice Hirsh 

assisted in statistical work connected with the preparation of 

the manuscript. Special mention should be made of the work done 

by William R. Gray in the final checking of all the data used in 

t he manuscript. 

The arrangements for cooperative studies with other government 

agencies and the work of that portion of the staff engaged in the 

preparation of the manuscripts integrating the data from the 

field survey and other sources have been under the supervision 

of Dr. Neiswanger. Our hearty thanks are due to a number of 

persons who read portions of. the manuscript and submi tted helpful 

criticisms. Among these should be mentioned Ralph p. Stoddard, 

M. E. Holmes, and Peter A. Stone. 

Lastly, the effectiveness of the work of the productivity sur-
• veys conducted cooperatively by the National Bureau of Economic 

Research and the National Research Project has been in large part 

due to the assistance rendered byDavid Weintraub, Director, and 

Irving Kaplan,Associate Directorof the National Research Project, 

and to their helpful advice in the planning and execution of 

the work. 

Harry Jerome 

William A. Neiswanger 





CHAPTER I 

A DESCRIPTION OF THE HRICK AND TILE INDUSTRY 

The making of brick is an indus.try which was carried on in 

ancient times and was revived in Europe in the medieval period. 
In this country the colonists early felt the need for brick con

struction of public buildings and substantial residences. Some 
brick was imported from England for this purpose because of a 

lack of skilled brickmakers. The art of brickmaking was soon 

estab lished in the Colonies, however. 1 Thomas Jef ferson, who 

combined with his devotion to statesmanship and philosophy a 

deep interest in archi tecture and building, gives us the 

of the labor and money cost of making bricks in his day. 

in the early years of the nineteenth century, he says: 

detai Is 

Writing 

Adem icord of earth (4-foot cube) makes 1.000 br lcks. 
A man will tUrn up 4 such cubes, or even 5, a day. 
The price for turning up is Is. [13.3 cents] (Maryland) 
the cube, orl,OOO bricks, the laborer findin~ himself 
[providin~ his own maintenance]. 

A man moulds 2.000 bricks a day. His attendance is 
a man to temper. one to wheel the mortar to him, and 
a boy to bear off {PhiladelphiaJ. 2 

Beginning with the Census of Nanufactures for 1849, at which 

time there were 17,000 or more Hhands employed" in making brick 

valued at about $6.600,000, it is possible to fol:low the devel

opment of the brick and tile industry in this country. In 1859 

drain tile appeared on the list of clay products. It rapidly 

assumed importance because of its extensive use in the draining 

of lands as the poplllat ion grew and needed more land fOf agri

culture. In the seventies the cities in the Middle West followed 

the example set by Charleston, West Virginia and began paving 

their streets with bricks. Philadelphia, in 1887, was the first 

large city touse bricks for paving. 3 Production of paving briCk 

developed very rapidly until the first decade of the present 

IThe Department of Research and Educat10n or Colonial Wlll1amsourg, Inc., 
Williamsburg, Va., has collected some interest1ng records or early brick
making in the Colonies. especially in Virginia. 

2Tholllas Je!terson's Manuscript Account BoOks. Massachusetts Historical So
ciety, as cited in HistO'l'Y of Wages in the Untted States fro* Coton1.at 1i1les 
to 1928 (U. S. Dept. Labor, Bur. Labor Statistics Bull. NO. 499, Oct. 1929). 
P. 56. 

3NanfJ.jactures: 1905 (U. S. Dept. Com. and Labor, Bur. Census. 1908), Part 
Ill, 'Special Reports on Selected IndustrIes,- p. 894. 
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century, from which time it was as rapidly displaced by the use 

of cement both for walks and pavements. Today the industry seems 

tobe a declining or st~tionary one, but it is likely to ~ontinue 
to supply a limi ted demand for bricks for paving purposes, as well 

as for walls and surfaces where a hard glazed product is needed. 

As cities began to assume importance in the industrial develop

ment following the Civil War, machines were invented to make 
bet ter bricks and ones more sui table for the facing of buildings. 

To the list of products in the industry there were then added 

pressed brick, front brick, and fancy colored front brick. The 

boom of the financial promoters in the early 1900's had its re
flection in the building trade which at that time made use of 

elaborate brick fronts on commercial and industrial buildings. 

The nineties ushered in a revolutionary movement in ci ty build
ings. which in the twentieth century materially lessened the 
demand for common brick and initiated the increased demand for 
hollow building tile and face brick. The introduction of stee1-

framed hui Idings eliminated the necessity of brick walls for 

structural support. Upon the steel frame could be hung a mere 

curtain of outer walls. Hollow building tile, which had formerly 

been restricted in use to certain fireproofing functions, now 

came into demand as sui table backing to outer walls of face brick 

or stone or other materials in the new skyscrapers which were 

made possible by the steel frames. Hollow building tile and face 

brick have therefore displaced common brick to a large extent 

in certain types of buildings where lightness is demanded of the 

wall and facing is necessary for all sides. 

DEFINITION OF THE INDUSTRY 

The five major products - common brick, face brick, paving 

brick, hollow building tile, and drain tile - have been selected 

as a sector of the clay-products industries suitable for study. 

Th is report attempts to descri be and analyze Changes in employmen t 

as'related to Changes in the demand for these products and to 

other factors affecting the volume of their production. 

In order to investigate the effects of changing technology 

upon the volume of employment in the industry, a case study was 

made of 108 plants distributed throughout the United States. 

Information, so far as it was available, was obtained in regard 
to production, man-hours, changing equipment and methods, costs, 
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prices, and investment over a period of years. Only a few plants 
could furnish reasonably complete data on all points covered by 
the survey, but all plants included in the sample furnished data 
on production and man-hours. Tbese data have been supplemented' 
by material from secondary sources in order to extend the scope 
of the investigation in respect to time and coverage and in order 

to relate the changes in employment as revealed by this sample 

to the totality of changes in employment in the industry and in 
its allied vertical segments. 

The designation "brick and tile" has been chosen to identify the 

sector of the clay-products industries engaged in the manufacture 

of the products specified. When used without qualification, it 

refers to the industry so delimited. There were several reasons 

for limiting the scope of the investigation to the production 

and distribution of these five specified products. The most 
important of the limitations was the necessity of having some 

unit or units of measurement for use in the determination of pro

ductivity, or man-hours per unit of product. The unit adopted 

for this purpose was that of " 1,000 co'mmon brick" since common 

brick is the most important of all the products produced by the 
clay-products industries and as a unit may be said to be fairly 

standard. But although a small number of plants produce on1v 

common brick, most plants produce face brick or ti Ie, or hoth, 

together wi th common. Not only is this true, bllt production of 

the diverse products also is carried on with the same equipment 

and with the same men in almost all operations so that it is 

impossible to segregate the man-hours associated wi th one product. 

Because essentially the same raw materials, equipment, and proc

esses are llsed in thei r product ion, it is feas i b le to reach a 

rough approximation of the number of tile of a given kind, or of 

face or paving brick, whic~ can be considered comparable, for 

the PlJrposes of measuring output I to 1,000 common brick. I t has 

therefore seemed reasonable and desirable to take as a segmen t 

for investigation those clay products which were made in the 

same plants by the same processes and with the same equipment as 

common brick. The field survey revealed that these were common 
brick, face brick, paving brick and other vitrified brick, hollow 
building tile, and drain tile. For the pllrpose of synthesis 
the quantitiesof these products have been converted into a unit 

called a conmon-brick equivalent.' 

~lScusSlon of the methOd used 1n obta1n1ng the convers10n factors Is round 
1 chapter II and appendix B, section on -Conversion or Census Production 

ta Into Common-Br1ck EQUlvalents,-
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There are several possible principles which may reasonably be 

used in defining an industry for the purpose of investigation. 

It may be defined in r.espect to raw materials used, the process 

of manufacture, or the use to which the products are put. The 

United States Geological Survey used the first of these principles 

in its reports on the "Clay-Working Industries" tor the years 

1895 to 1918. I t included the mining of all clay regardless of 

the use to which it was put and the manufacture of that clay 

into diverse products. The United States Bureau of the Census 

has followed the same principle in its classification "Clay 

Products Industries" which it has used since 1890. Before that 

time, plants making brick and tile were classified according to 
the principal product, with no attempt made to combine all clay 

products into one industrial classification. 

Wi thin its broader classification, hOW'ever, the census has 

attempted to make subclassifications on the basis of the use to 

which the product is put. It has always put pottery in a class 

by itself, and in the years 1889-1909 it had a subclassification 

called IlBrick and tile. l1 This corresponds fairly closely to the 

defini tion of the brick and tile industry as used in this study. 

Unfortunately the defini tion varied somewhat from census to census, 

but in the main it included establishments whose major products 

were one or more of the following: Building brick; fancy, or

namental, and front or face brick; vitrified paving brick; and 

drain tile. These establishments made a small quantity of other 

clay products. In certain years establishments whose major prod

ucts were sand-lime brick and sewer pipe were included. The 

exclusion of establishments whose major product was hollow build

ing tile, however, marks the main difference between the census 
definition of this industry for those years and the definitif)n 

selected for this study. Omission of the establishments whose 

principal product was building tile was doubtless due to the 

fact that it was only beRinning to come into use as an important 

structural material. 

Beginning wi th the census of 191q. the classification llBrick 

and tile l1 was dropped and the industry was divided into two, one 

entitled trPotteryl1 and the other "Brick, tile, and terra-cotta 

and fire-clay products." The latter designation was changed~ in 

1923, to "Clay products lother than pottery) and non clay refrac

tories. ll Included in the latter group are plants engaged in 

manufacturing brick and tileof all kinds, some made of materials 
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other than clay (sand-lime brick is not included!, as well as 

other clay products and nonclay refractories. The United States 

Bureau of Labor Statistics fallows the definition of the census 

in its collection of employment and pay-roll statistics for the 
"Brick, tile, and terra cotta ll industry. The value of the pro

duction of the sector of this industry which has been defined 

for the purpose of this study as IIbrick and tile ll was only £1.7 

percent of the value of the production of the clay-products in

dustries (excluding pottery) in 1929 and varies from 60 percent 

to 30 percent in 1914-35. It is evident that very little use 

can be made of the summary of statistics for this indllstry made 

by the Bureau of the Census Or of the employment statistics pub

lished by the Bureau of Labor Statistics. But in certain years 
beginning with 1925, the census gives summary statistics for 

establishments classified by major products, which include common 

brick, face brick, hollow building tile, vitrified brick or 

block, and drain tile. These statistics, together with those of 
the census prior to 1914, are the basic secondary statistics used 

in this study of changes in prodllctivityand employment in brick 

and tile. The census definitions have been followed for each of 

these products. Vitrified brick or block includes paving and 

other vitrified brick or block; hollow building tile includes 

partition, load-bearing, furring, book, floor-arch, silo, corn

crib, and fireproofing tile and radial chimney blocks. Excluded 

are enameled brick and tile, floor tile, wall tile, and many 

other minor products. 

A study of changes in employment should consider the com~lete 

vertical structure of the industry, since greater centralization 

of production may lead to decreased employment in the manufactur

ing processes but may at the same time increase employment in 

distribution. Likewise, changes which bring abollt more efficient 

uses of fIlet may reduce employment in the coal fields, or in

creased use of machinery may decrease man-hCHlrs in the production 

of brick bllt increase man-honrs in the prod1]ction of machinery. 

An attempt has been made, therefore, to study changes In employ

ment in the machinery and fuel-producing industries insofar as 

the products of these industries are used in the manufacture 

of brick and tile. Likewise, employment in transportation and 

distribution of brick and tile is considered as properly belonging 

to the vertical struct1lreo! the industry. This stlldy attempts, 

therefore, to give a pictnre of the changes in employment in 

( 
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the vertical segments of the brick and tile industry, starting 

from the raw materials of clay and coal and the production of 

machinery, continuing. through the process of manufacture in which 

these are combined and transformed, through the transportation 

by trucks, trains, and boats into the hands of wholesalers and 

contractors, and ending when the products arrive at the place 

where they are to be used. Needless to say, while a fairly ac
curate picture may be given of the employment in the fabricating 

segment of the industry, a much less clear picture can be drawn 
of the other, not a~ well defined segments. 

DESCRIPTION OF THE PRODUCTION PROCESSES 

The operations in the manufacture of brick and tile are rela
ti vely simple. Clay or shale is dug or mined or sometimes dredged; 

it is prepared tor shaping into brick or tile by grinding or 

crushing if necessary and by mixing with water, unless the dry

press process is used. The clay is then shaped into bricks, 

tormerly by hand but today usually by machine. It is either 

forced into molds and thus fanned into bricks or is forced out 

through a die which, together with the cutting machine, gives it 

the shape of a brick or the kind of tile desired. The "green" 

products formed by the machine must then be dried to get rid 

of the excess moisture. In the dry-press process the molded 

brick is SUbjected to high pressure in the mold, and no drying is 

necessary. The bricks are removed from the drying sheds to the 

kilns where a baking process fuses the chemical materials in 

the clay. After being cooled, the brick and tile are ready for 

drawing from the kilns and sorting into different kinds and grades 

preparatory to storing or shipping. 

There are three different processes used in making brick in 

the United States: the stiff-mud process, which is used in most 

plants; the soft-mud process, next in order of use; and the dry

press process. Tile is usually made by the stiff-mud process, 

a~though t~e dry-press process is sometimes used. 

The departments in a brick or tile plant can be conveniently 

distinguished as follows: 

1. Clay Pit where the clay is dug and from which it is trans

ported to storage or to the machine house. 

2. lIachine House where the clay is prepared and formed into 
II green " brick or tile. 
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3. Drier where the green-brick products are dried (not necessary 
in the dry-press processl. 

~. Tossing and SItting the products in the kiln. 

s. Burning the products. 

6. Drar.vinrand Loadini which includes removing the burned prod

ucts from the kiln and sorting and loading them for ;;hipment 

or placing them in storage. 

The operations carried out in these different departments may 

be described briefly. 

ClaT Pit 

Clay is most commonly mined by means of some sort of mechanical 

shovel driven by steam, electricity, or, more recently, a Diesel 
motor. The shovel digs the clay and loads it into cars which 

rUD by gravity or are hauled to the machine house. Here the 

cars may be drawn upan incline by cable or other means and their 

contents dumped mechanically into a hopper or chute leading to the 

clay-processing machines. In a small number of less-progressive 
plants the clay is still dug by means of hand shovels and is 

hauled by wheelbarrows or horse carts to the machine house. 

Where shale is mined, eit.her drilling and blasting or a special

ized machine known as a shale planer may be necessary. In some 
cases clay is dredged from a river bottom. Some plants have 

facili ties for storing clay to use during the winter months when 

for 6 or8weeks the mining of the clay may be made impracticable 

by weather conditions. The labor requirement in this department 

wi 11 depend upon several factors - principally, the ease wi th 

which the clay can be mined; the degree to which the mining, 

loading, and transportation have been mechanized; and the distance 

from the clay deposit to the plant. 

M .. :bl.1 Mo ••• 

The equipment used in the machine house varies with the char

acter of the clay, the type of brick produced, and the process 

IIsed in forming the brick or tile. s In most plants the clay is 

dumped first into a granulator which cuts it up by means of large 

steel knives spirally attached. This prepares it for passing 

through a set of conical rolls which remove the stones. In the 

SSee discussion or IRa" Mater1als' In chapter III. 
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stiff-mud and soft-mud processes it then goes to t'he pugmill, 

where it is mixed with water to produce a mixture of the proper 
consistency and texture for the 'brick machine. While some clays 

require the use of all of these machines, others go first to the 

pugmil1, and in a few instances the character of the clay is 

such that it goes directly to the brick machine. 

The next operation cODsists of forming the brick or tile. A 

different type of machine is used for each of the three processes. 

In the stiff-mud process the most common type of brick machine 

is the auger type in which an encased revolving screw forces 

the clay through a hard-steel die from which it emerges as a 

ri bbon of clay on to a belt conveyor which carries it to the· ell t

ting machine. This is synchronized wi th the brick machine and 

cuts the ribbon of clay into brick or tile of the desired size. 

Different dies are used for each type of product. After cutting, 

the bricks are automatically carried away on an off-bearing belt 

from which they are removed by the hackers and are set on cars 

for removal to the driers. These cars have a capaci ty of from 

600 to 1,000 bricks. In the stiff-mud process the machine opera

tions in this department form one continuous automatic process. 

Hence most of the workers used are hackers who remove the bricks 

from the belt by hand and place them on the cars which are also 

moved by manual labor. 

The forming of soft-mud bricks usually requires more hand la

bor. The brick machine forces the clay into molds whiCh have 

been sanded to prevent the sticking of the clay and which have 

been placed in the machine by hand. The top surface of the brick 

is then smoothed by a hand operator, and the molds are ejected 

by the machine onto a table where they are bumped by hand to 

loosen the bricks. These are dumped by another man onto metal 

pallets, placed by yet another worker. The more modern equip

ment includes automatic sanding, dumping, and ejecting devices 

which are built into or are attached to the standard type of 

brick machine. This eliminates all hand labor connected with 

the operation of forming the brick. Because of the quantity 

of water added in mixing the clay, the bricks made by this proc

ess are too soft to handle by hand and must be carried off on 

the pallets on which they are dumped. This may be done by an 

automatic cable conveyor from which the pallets are removed by 

hand and placed in the drier. 
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The old-fashioned hand-forming methods are still in use in at 

least one plant. e Here there is no brick machine, the skilled 

brickmaker pressing the clay into the molds by hand. 

In the dry-press process the clay, afterit has been tempered, 

is conveyed to a rotary mixer from which it drops into a mold 

box containing 5 to 10 molds. The dry clay is then formed into 

bricks by a press exerting high pressure. The lifting of the 

press automatically ejects the bricks from the molds and pushes 

the bricks out of the machine onto a table from which they are 

taken by hand and placed on trays which are wheeled directly to 

the kiln for burning. 

Dr" r 

In the soft-mud and stiff-mud processes the next step involves 

the transfer of the green bricks from the machine house to the 

driers. In a majority of cases the brick cars are pushed by hand 

to the drier kilns, usually tunnel-shaped. These kilns may be 

heated ei ther by utilizing waste heat from the brick-burning ki 1n, 

by stearn heat, by the direct-heat method which consists of bui 1d

iog a fire in pans under the floor of a kiln J or by a combination 

of these methods. In some cases an open-air method of drying is 

nsed; this takes from 5 to 12 days, depending upon climatic 
conditions. The artificial method requires from 1 to 3 days. 

Improvements in the drier are designed to eliminate waste due to 

improper drying and to improve the quality of the product. 

T ••••• , aDd Satting 

After being dried, the bricks or tiles are transferred to the 

kiln. Either the Cars are pulled from the drier and shoved by 

hand to the kiln, or the bricks are stacked by the wheeler on a 

truck or wheelbarrow and thence hauled to the kiln. The tossers 

remove the ware from the car and toss them (if they are brick, 

usually two at a time I to the setters who set them in proper 

arrangement to insure the most efficient burning. In some highly 

mechanized plants the transfer is done by means of cranes apd 

mechanical equipment. This is possible where the scove kiln, a 

temporary structure, is used, but mechanical setting of brick 

is not used in the more common type of permanent kiln. 

6_A. ~Two-Hor8e' Sort Mud Brick. Yard-,- Brie' aM C/.ay Record. ee, No.2 (Jan. 
"'36). 26. 
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BurDial 

Most kilns are permanent kilns of one of the following types; 

The beehive kiln, which is circular in form and has a relatively 

small capacity; the rectangular kiln, which usually has a larger 

capacity; the continuous kiln, constructed in sections which can 

be fired separately but between which are dampers admitting the 

surplus heat of one section into the next; and the railroad-car 

tunnel kiln, through which the brick cars are moved slowly while 

burning takes place. In the Chicago, Hudson River Valley, and 

St. Louis districts many of the kilns are temporary, rectangular

shaped structures known as scove kilns, which are removed after 

the kiln has been burned. 

The fuel, whether W'ood, oie coal, or natural gas, is a big 

item in the Cnst of manufacture of clay products and therefore 

enters in as a factor in the selection of the type of kiln. While 

the smaller beehive kiln may have greater fuel efficiency if 

the quanti ty of prod1lcts to be burned at anyone time is small, 

the other kilns tend to be more efficient if larger quantities 

are burned. It usually takes from 7 to 8 days or even longer 

to burn the brick and an addi tional 6 to 10 days for the brick 

to cool sufficiently to be handled. There is great variation 

in the burning time, and in some plants it has been reduced to 

3 days for burning and an addi tional 3 or l4- days for cooling. 

The workers used in this operation are principally kiln firemen, 

burners, and shovelers of coal. Improvements in kilns have for 

their Objectives reduction of fuel requirements, red1lction of 

time required for burning (which reduces man-hour requirements I , 

and better burning of the product by more scientific control of 

temperature and moisture in the kiln in order to yield a greater 

proportion of first-grade product.? Conveyors for coal and au

tomatic stokers also reduce hand labor in this department. 

Drawlal aad LoadiDI 

When the bricks have cooled from the burning, they are ready 

fO,r drawing from the kiln. This is usually a hand operation. 

If there are several types of product, they are sorted as they 

7Lawrence E. Blelll1l1er, -rndustrIal F'urnaces for Gas; K1lns for Heavy Clay 
PrOduc ts, ~ A_e .,..ican Gas Jouf'na l • 138, No. 1 (Jan. 1933), 16-8; James R. 
WIthrow, - Opportun 1 ties for Us lng Indica tlng and Rec ord lng Con trol Instrumen ts 
In the Rock PrOducts Industr1es,' Rock P.,..oducts, XXXVI, No.2 (Feb. 25. 
HI33),32. 
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are drawn. Bricks are often sorted according to the place they 

occupy in the kiln. The better-burned brick may be classed as 

face brick. Face brick may also be sorted according to color. 

After drawing. the burned products are loaded on wheelbarrows 

which are run down a runway to trucks, railroad cars, or boats 
if the bricks are to be shipped; if not, they are wheeled to 

storage sheds (where the bricks are usually stacked by hand). 

Sometimes they are loaded from the kiln directly to trucks for 

delivery, Mechanical loading devices reduce the great amount 

of hand labor in thi~ operation. a For example, the bricks may 

be packed in crates which can be loaded and unloaded by cranes. 9 

For the most part, mechanical drawing and loading devices can 

be used only for common brick, where the product is uniform in 
size and requires no sorting. 

It will be seen from this description that the making of brick 

andtilerequires much handling labor. W'hile some of this labor 

can be and has been eliminated by mechanical devices, mechani
zation of additional plants is limited by the fact that much 

of the mechanical handling is applicable only to common brick 

and is efficient only in large plants which, because of trans
portation costs, tend to exist only near big cities. The small 

plants which are located near their own markets can compete, 

des pi te their higher labor costs, w~th more efficient plants which 

must send their product from a distance. Since the trend is 

toward greater diversification of products with its added labor 

requirements for handling, attention is being given to conveyor 

systems which will eliminate handling and to a combination tunnel 

drier and ki In through which the product can be run without the 
intermediate handling operation. 10 

The cos t of making brick and ti Ie and de li vering it to the 

consumer has three large components: (1) The labor cost of man

ufacture which, because of the handling, bulks large in proportion 
to the value of the product; (2) the cost of coal or other fuel 

which is required for burning and which, if the labor used in 

its transportation is included, entails an employment equal to 

8R• H. Berg, INo HUlIIan Hand Touches OUr BrIck FrOlIl K1ln to JOb,- Briclt and 
Clay Record, 87, No.3 (Sept. iQ35). 85-5. 

9_ShiPPing BrIck In Containers Is a Speec17 Sl"ste.,' Bride and Clay RecOf'"d, 
74, No.2 (Jan. 15, 1929), 85. 

IO'What to ConsIder When RehabIlitatIng a Clay Products Plant,- Bdclt and 
Clay Record, 88, No.2 (Feb. 1938), 58; lIs M7 Plant In Shape?1 Bf'"ick and 
C~ay Record, 88, No.1 (Jan. 1936), 17-8; 88. No.2 (Feb. 1936).59-60. 
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16 percent or more of that used directly in the manufacture of 

the product; and (3) the cost of transportation which, because 

of the relatively heavy weight of the product, adds a labor 

requirement of 10 percent or more. 

BROWTH OF THB INDUSTRY 

The development of the brick and tile industry is summarized 

hriefly in table 1, The years 1889. 1909. and 1925 have been 

Tabl. 1.- SUMMARY DATA FOR BSTABLISHMENTS WHOSB MAJOR PRODUCTS 
ARB BRICK AND TILB. 184S-I535& 

(Dollar. ID thln ••• d.) 

Number of Average 

Year es ta b- number Wages Value of 

lishments of wage products 
earners tI 

1849 1.603 11.949 4 • .2 3t5 e.611 
1869 3.182 30,347 11,085 30.323 
1889 5.828 65.020 29.709 67.771 
1909 4,215 76.528 37.139 92.777 
1925 1.528 57.652 70.993 179.619 
1929 1.307 48.076 53.465 139.606 
1935 708 17.156 12.101 33.818 

aCe'l'lSfIoS of Nanu,factwres data. 

brOT methods of estimat1ng. see append1x B, section on -Est1mated Dlployment 
and Han-hours In Br1ck and Tile Manufactur1ng.· 

shown because they were years .of peak production, While 1935 

represents the recent depressed condition of the industry. The 

industry reached its all-time peak of production, measured in 

common-brick equivalents, in the building boom of the first decade 

of this century. The production in 1925 was slightly less than 

in 1909. The increases in dollar value of wages and products 

which continued after 1909 reflect only changes in wage rates 

and prices. 

The growth and decline of the industry relative to population 

'growth is shown by the fact that the number of bricks per capita 

increased from 79 in 1869 to 17'1 in 1909 and then declined to l3'1 

in 1925. the last peak of production in the industry. 
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Tabla 1.- PIR-CAPITA PRODUCTION or IRICI AND TILl. IBB9_19IS& 

Common-brick equivalents 
Year 

Millions Per capita 

1869 3.012 79 
1889 10.009 162 
1909 15.743 174 
1925 15.388 13. 
1929 12.581 104 
1935 3,426 27 

&Census of Kan~tactures data. 

CHANOIS IN NUMBIR AND SIZI or PLANTS 

Brick and tile have always been produced in sma1l plants. In 
the first half of the nineteenth century production could be 

carried on with a sma1l force because of the relatively Simple 

methods used. Since clay suitable for the manufacture of bricks 

was widely distributed throughout the States. brick plants were 

erected in all parts of the country but were concentrated about 
centers of population. The first census !igures available are 

for 18q9. at which time there were 1.603 establishments emplOYing 
17.3QS wage earners during their months of operation. II This 

would mean a normal force of about 11 wage earners per establiSh_ 

ment. At this time the labor cost constituted 6Q percent of the 

cost of making bricks. During the next qo years when industries 

were growing. population increasing. and city population in

creasing faster than rural population, the brick and tile plants 

increased both in number and in size. In 1889, a year of mUCh 
building activity. there were 5.828 plants employing about 10'1,000 

workers during their weeks of operation. 'l The average normal 

force was around 18 workers. From that time on, despite an in
creasing demand forbrick and tile, the number of plants decreased 

until in 1925 the normal working force was probably around '10 to 

q5 and the number of plants was 1 .528. Some of the larger plants 

lIThe average number of wage earners tor the gIven year as reporteC1 1n th 
census trom 184£1 to ISa9 "as the aggregate of the averages reported by the 
nanta tor theIr perIods or plant operation. Beg1nning with the census e 
18£19. the annual average as gIven in the census was an average or the i~ 
monthly aggregates or Ind1vIdual plant Ciata. 
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were employing 100 to 200 workers. One had as many as 378 in 
1929, but this was exceptional. Whereas the average number of 

brick produced per establishment was less than 1 million in the 
census years previous to 1889, it was nearly 2 million in 1889, 
nearly q. million in lQo9,andabout 10 million in 1925. A few of 

the largest plants operating today have a capacity of from60 to 
1q.O million common brick per year, but there are many small plants 

with a capacity of 5 million or less. It is evident from this 

that there is no substantial trend toward modern large-scale 

production. That even the large plants remain relatively small 
when compared with plants in other industries is probably due to 

the fact that cost of transportation limi ts to a large degree the 

extent of the competi tive market; increase beyond a certain size 

would bring no decrease in production costs. 

AVERAGE SIZE OP PLANTS IN 1925 

Since 19.25 was the last year of peak production in the industry, 

itwas the year chosen for measuring the size of plants. In later 

years production and employment fell far short of capacity figures. 
Average employment per establishment, average yearly production, 

and average man-hours worked per year were used to measure size. 

For the plants whose major product is one of the five specified 

as being produced in the industry, the average number of persons 

employed in 1925 was 38, the average number of man-hours per year 

was 91,000, and the average amount of product measured in commOD

brick equivalents was 10 million brick. There is considerable 

variation among the different types of producing plants. 12 Those 

whose major product was drain tile averaged less than 11 wage 

earners per establishment, produced 2.6 mi Ilion common-brick 

equivalents, and averaged only 26,000 man-hours per establishment. 

The common-brick plant"s were next in size with an average em

ploymen t of 32 persons, produc ing B mi Ilion common brick in 77, 000 

man-hours. The average face-brick establishment was almost twice 

as large as the average common-brick plant and produced 16 million 

common-brick equivalents in 1~2,OOO man-hours. Those establish

ments whose major product was paving (vitrified) brick were the 

largest and averaged 83 wage earners producing over 22 million 

common-brick equivalents in 200,000 man-hours per year. 

12See dIscussion of factors artectlng size in the sectionon -Raw Materials·, 
chs pter II I. 
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T.~l. 1.- AVERABI SIZI DP BRICK AND TILE ESTABLISKMENTS. 1925" 

Average number per establishment 
per year 

Major 
Common-brick product Wage 

earners Han-hours equivalents 
(thousands) 

Total 38 91.194 10.009 

Vitrified brick 83 199.842 22.426 
Face brick 59 142,129 16.006 
Hollow building tile 50 121.587 15.089 
Common brick 32 77,145 8.052 
Dra1 1l tile II 25,654 2,639 

&aensus oj lIanutac tU"'es c1& ta . 

The largest common-brick plants tend to be located in metro

poli tan areas, In the Chicago and New York areas many plants wi 11 

be found which produce over 30 million brick per year and which 

employ 100 wage earners or more. 

LOCATION OF THE INDUSTRY 

The location of the industry is determined largely by the market 

for brick and tile. 13 Common-brick plants are scat tered over the 

country and are concentrated around big cities. The Hudson River 
Valley was the early center of production for New York City; in 

Pennsylvania, Philadelphia has been important in the East since 

colonial times; in Illinois, Cook County has been the center of 
production for Chicago, As the Middle West became industrialized, 

Ohio became important as a producer of brick, During the period 

from l869 to the present, New York, Pennsylvania, and Illinois 
have remained the foremost States in the production of common 

brick; Ohio, New Jersey, Indiana, MassaChusetts, Missouri, and 
more recently California have, in turn, occupied fourth and fifth 

places. During the census years 1904-31, Illinois, New York, 

and Pennsylvania accounted for 30 to '10 percent of the total 

production in the country. 

There is greater concentration in the production of face brick 

than of common brick since face brick has greater value per unit 

13For further discussion of the factors determining the location or brick and 
tile plants, see chapter III. 
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of weight and may therefore be shipped a greater distance. In 

1925 Pennsylvania and Ohio together produced almost 50 percent of 

the face brick, while Indiana and Illinois produced approximately 

another 10 percent each. It is obvious that even here the markets 

help to determine the location of the industry. 

In 1925 Ohio produced about 30 percent of the hollow building 

tile; New Jersey, Illinois, Pennsylvania, Indiana, and Iowa ac
counted for another ~o percent. Although most of the hollow 

building tile is used as structural material in steel-framed 
buildings, there is also a demand for it in farm buildings, es
pecially on the western plains where wood is relatively scarce. 
In this market Iowa assumes importance in the production of hollow 
building tile. Otherwise the leading States are those which are 

important in the production of face and common brick. 

Drain tile is made largely for an agricultural demand. Four 

States in the Middle West - Ohio, Iowa, Illinois, and Indiana -

produce 80 percent of all this tile. 

Over 60 percent of vitrified brick, which is largely used for 

paving, is made in Ohio, Pennsylvania, Illinois, and Kansas. 

Ohio and Illinois outstrip the other States in the production 

of the five products when measured in common-brick equivalents. 
In 1925 they produced about 30 percent of the total brick and tile 

in the United States, production being divided almost e'lually 

between them. Illinois led in the production of common brick 

with 19 percent of the total. Ohio produced about 30 percent 

of the United States total of vitrified brick, hollow building 

tile, and drain tile, leading all other States in these three 

products; 23 percent of the face brick I in the production of which 

Pennsylvania led); and ~.9 percent of the common brick. 

COMBINATIONS AND TRADE ASSOCIATIONS 14 

The industry has been characterized by a large number of small 

plants scattered throughout the country and largely run by the 

men who own them. The amount of capital necessary to establish 

a plant is relatively small. When there is much building activity 

the plants increase in number, only to disappear in depression 

years. In 1925 at the height of activity in the brick industry 

14The data used In th1s section are taken trom records and reports In the 
National Recover,. A.dm1n1strat1on rUes concern1ng the Structural Clay Products 
Industry and the Clay Drain T11e Manufactur1ng Industry and from publ1shed 
sources. 
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1,528 plants were reported by the Bureau of the Census; in 1935 

there were only 708. This number is probably an unders~atement, 
since many of the small plants were entirely without clerical 

employees to make out reports. Some of the plants which suspended 

operations, however, were probably able to resume operations as 
soon as business became profitable. 

The industry, however, is not without its large plants and large 

business concerns, although they are relatively few in number. 
Early in the twentieth century when the combination movement 

was strong in the industrial field, mergers of brick and tile 

companies also occurred. 

During the years 1898-1900 several combinations were formed. 

Among these were the New England Brick Company, which combined 

25 companies operating 3~ plants in the vicinity of Boston; the 
Illinois Brick Company, which was a consolidation of 36 plants 

operating in Cook County, Illinois; and the Baltimore Brick Com

pany, which combined 28 plants. 16 All of these combinations exist 

today, and others have been fanned in the intervening years. 

According to lists of members of the Structural Clay Products 

Industry included in the National Recovery Administration records, 

there were 1,233 brick and tile companies wi th 1,500 plants 

in 1933. 1e 

The four leading companies in each branch of the industry shipped 

in 193~ the following percentages of the totals for their respect ive 

branches: Common brick, 9.S percent; face brick, 17.1 percent; 
paving brick, ~3.8 percent; and structural clay tile, 35.6 per

cent. The firm having the largest shipments in the paving-brick 

branch represented 21.7 percent of the total and in structural 

clay tile 2~.6 percent, while in common brick the largest firm 

shipped 3.8 percent of the total and in face brick 6.1 percent. 

ILlinois Brick Company.- In the common-brick branch of the in

dustry one of the most important mergers was that of the Illinois 

Brick Company. When it was formed in 1900 it acquired the plants 

15fwe lfth Cens'US Of the United States: 1900, nManuractures~ (U. S. Dept. Int •. 
Census Otrlce. 1902). Vol. VII. Pa.rt I, p. IC; V1ctor S. Clark. Histof'y Of 
HantJ.fact'IJ.f'es in the United States (New York: HcGraw-HUl Book Co •. Inc •• 
1929). III. 258-9. 
leThe Struetural Clay Produets Industry, &s der1ned Cor purposes or the 
NRA Code. includes common brick, race brick, hollow bU1lding tile. and pav
ing brick. 
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of most of the operating' brick companies in the Chica!;o ilrea; 

some of these it operated; others it dismantled and al)andoned. 

The historyof the Chicago market can be stlldied in the case of 

the American Equipment Com/lany vs. Tuthill Buildin( Haterials 

Company. 17 From the time it was formed, the Illinois Brick Com

pany appears to have been the dominant force in the Chicago market 

in which it tried vario1Js schemes to regulate prodllction and 

prices, such as the formation of a holding company and then a 

corporation which received all orders for common hrick and dis

tributed them among the VariOlJS manufact1lfers. Abollt 1909 the 

American Equipment Company was formed and aprarently sllccessfJ)lly 

controlled the Chicago market 0ver ~ long period. This company 

owned a patent on a brick-setting machine and a hrick-loadin~ 

fork, which it claimed cOllld effect a ;;reat saving in C0St and 

labor. Through license agreemen t5 assigning qllotas to the variolls 

companies, setting the price of brick, a.nd providing for addi tional 

royal ties when quotas were exceeded, prices were stabilized. 

The prevailing market price of common brick in Chicago did not 

vary from $12 per thousilnd during the period Septemher 1921 to 

May 1931, althou!5h the pricesofothcr building materials varied 

widely and fluctnated continually. Ninety percentof the volnrne 

of brick in the Chicago markeT was cant rolled hy these agreements. 

Since the Illinois BrickCompany continued to hnyup other plants, 

its quota increased from 52 percent in1911 to 62 percent in 1925. 

From 1922 to 1930 it usually fai led to produce its quota and so 

recei ved $678,578 paid by other ticensees for overprodncing thei r 

quotas. The amount received was 95 percent of the total penalties 

paid. The effect of this control of the market upon demand for 

brick and hence npon prodnction and -employment in the Chicago 

market will receive consideration in chapter III. 

The National Firep,..()o!in/l Co,..~o,..ation.- In contrast to the 

controlo! a local market exerted by the Illinois Brick Company, 

the National Fi reproof i ng Corporation has been said to con t rol 

the trade association in the Structural Clay Tile Ind 1lstrv. 1B 

ThiS company prod:lced 25 percent of the total production of the 

industry in lq3~. The history of the company coes hack to 18~9 

when it \Ii'as fanned as the Pittsburgh Terra Cotta Lumber Company. 

~-----
17CaseNo. 10128, U. S. Dlst. Court, Northern l)lstrlct of Illinois. as reported 
in C()J&_e1'"ce CZeadne House fede"r"al f1'"ade Regul.ations Se-r'llicc, par. 7036, 
p. 5124. 
lBLetter trom J. J. Whitacre, President. Whitacre-Grear FlreproOtlng Co .• 

D R. J. Fogg. Deputy AdmInistrator, NRA, Oct. 23, 1933, incorporated 1n Code ke C01'"dS, Vol. B, Part IJl, ~Structural Clay PrOducts Industry.-
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Under the name of the National Fireproofing Company it acquired, 

in 190", IS additional companies with 18 plants. In 1936 it owned 

and operated 21 plants in 17 separate localities in Massachusetts, 
New Jersey, Ohio, Indiana, Illinois, and Alabama. It produces a 

complete line of hollow tile and other special products. I. 

The formation of a corporation with plants in various parts of 

the United States is one answer to the problem of high transpor

tation charges. In this connection it is interesting to note that 

the building-tile industry has followed the practice of using the 

basing-point system in quoting prices. 

Hydraulic-Press Brick Company.- Similar to the above, in the 
field of face brick, is the Hydraulic-Press Brick Company of 

St. Louis, Missouri, which was formed in 1868. In 1907 it ab

sorbed 1'1 controlled companies, and in 193~ it operated"" plants 

in Illinois, Missouri, Indiana, Ohio, New Jersey, Pennsylvania, 
Virginia, New York, and Maryland. 20 Listed as manufacturing 

all kinds of brick used in building, in 193'1 it was the largest 

producer of face brick in the country, producing 6 percent of 

the total. 

The lIetropoLitan Pavinf Brick Company.- In the paving-brick 

branch of the industry, the Metropolitan Paving Brick Company 

of CantoD, Ohio (incorporated in 1904) occupies aposition similar 

to that of the other three companies in their respective indus-

tries. I ts main produc t is paving 

"" percent of the total in 193'1. 

and face brick. Its plants are not 

out the country, being located in 

Pennsylvania. 

brick, of which it produced 

It produces also some tile 

so widely extended throllgh

Ohio, western New York, and 

United Brick and Tile ComfJany.- All of the above-mentioned 

mergers were formed in the first decade of the twentieth century 

and each specializes in one field, though making other products, 

but the United Brick and Tile Company of Kansas City was formed 

in 1926 as the United Clay Products Corporation to merge 32 plants 

in Iowa, Kansas, Missouri, and Oklahoma, producing all types of 

brick and tile. It was hailed by the Brick and CLay Recordas the 

'tbiggest merger ever consummated in the clay products indus try. n21 

1QNOOOY's Nanool of Invutaents, AaericGn OM 'oretgn: 193fJ, "IndustrIa.l 
SecurItIes· (New York: HOOdY's Investors ServIce, 1936). pp. 2278-9, 
201bid .• p. 1075. 

21·$10,000.000 Herger of ClaY Plants •• Brick and CJa.y Record, 88. No.2 
(Jan. 19, U~26). IOe; HOodY's. of'. cit .• p. 1403. 
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Fi ve of the 32 plants have been dismantled. In this western 

area of long distances and relatively small urban markets, the 

problem of cross freights has been met by this type of combination. 

Diversification, rather than specialization, is the answer here 
to the problem of reducing costs. It is claimed that selling, 

transportation, and inventory costs may be reduced under such 

combined management. 

Ai though there are other large companies owning two or more 

plants, the five described above are typical of the large mergers. 

According to a list in the NRA files, there were 32 large com

panies in 1933, 29q middle-sized companies, and 907 small ones. 22 

The basis for this classification is not known, but some idea can 

be gained of the preponderance of small companies. 

Tr.d. A,.oel.tlGn, 

Trade associations have existed and have been active for some 
time in the branches of the brick and tile industry producing 

canmon brick, face brick, paving brick, and structural clay tile, 

but for drain tile there seems to have been no trade association 

of long-continued existence. 23 These trade associations have 
engaged in the usual activities of promotion and standardization 

of the products, as well as collection of statistics in regard 

to price, production, shipments, neworders, and stocks on hand. 
Since Government agencies must be the main consumers of paving 

brick, it is natural that the National Paving Brick Association 

should have its headquarters in Washington and should list as its 

first purpose the advocation of, 11by honorable, legitimate means, 

the use of paving brick for street and highway improvements." 2 " 

Structural Clay Products Code. - There was a brief period in the 

industry when it operated under the Structural Clay Products Code 

Au thori ty, which consisted of eigh t members, four of whom were 

the presidents of the four associations. The Code Authority was 

given power to set mandatory minimum prices, based on average 

COqts of production, for the products of the industry. The evi

dence is that such prices were set at a considerable height above 

2Zrhis list does not include compan1es producing chieflY drain tile. 

23SrlckHanufacturers Assoc. of America. Cleveland. Ohio, estab. lIlla; American 
Face Brick ASSOC •• Ch1cago. Ill., estab. Hil12; National Pav1ng Brick ASSOC •• 
Wash1ngton. D. C., est.b. lQ06i Structural Clay T1le Assoc •• ChIcago, Ill •• 
estab. 1Q1Q. 

240'Artlcles of Assoclatlon. Constitut1on and BY-laws,' adopted June 5. U~31. 
Incorporated In NRA Code Reco~ds, Vol. A. part I. 'Structural Clay Products 
Industry. ' 
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costs of production, and there were complaints that this was a 

factor deterring any satisfactory revival of consumption of clay 

products. The code, as adopted, permitted the use of delivered 

price when customary and also the basing-point system as practiced 
in the structural clay-tile section of the industry, whereby 

the price at any given market was set, not by the producer of 

the shipment in question but by that basing factory which had 
the lowest combination of base price and freight to that par
ticular market. 

Further consideration will be given in chapter III to the ef

fects of these combinations and trade practices upon prices and 
the demand for the products. 

SU~RY 

The brick and tile industry has many peculiar characteristics 

which make it a SUbject of considerable economic interest. The 
raw materials for its products are so widely distributed that 
plan t5 have been established wherever commoni ties are growing 

up. Since practically all plants are located at the site of raw 

materials. the mining of the clay is an integral part of the 
manufacturing process in the plants. The manufacturing of the 

products is carried on in plants which are comparatively small 

whether measured in terms of number of employees, amount of in
vestment, or quantity of products. While the sizeof the plants 

has been increasing and the number of plants has been decreasing 

during the past so years, there is no significant trend toward 

modern large-scale production except in the immediate vicinity of 

large centers of population, notably New York and Chicago. 

Wi th the exception of drain tile, all of the products are used 

in the construction industries; hence the activity in the brick 

and tile industry is found to be closely related to construction 
activity; changes in demand, as well as in styles of building 

and materials used in construction, tend to affect vitally the 

employment in this industry. Drain tile, on the other hand, is 
largely dependent upon agricultural demand. 

While the heavy weight and the low unit value of products and 

the wide distribution of raw materials tend to restrict the de

velopment of large drain-tile and common-brick plants, the average 

paving-brick, face-brick, and hollow-building-tile plants tend 

to be larger, indicating that they serve larger markets. The 
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location of these plants tends also to be concentrated in certain 
areas. With the exception of the Chicago market, there has been 

little evidence of any concentration of control in the commOD

brick branch or the industry. Trade associations, however, are 
active in all branches, with the exception of drain tile, and in 

the markets for paving brick and hollow building tile certain 

large companies seem to occupy dominant positions. 

Although the mining of clay and the making of green brick and 

tile are highly mechanized in most plants, there still remains 
a large amount of handling of green and burned products which 

calls for unskilled labor; so that labor costs are a large part 

of total. costs. The cost of the principal raw material is a 

minor item in the cast of brick and tile; the cost of fuel for 

burning is a major item, however, and the cost of transportation 

of this fuel and of the finished product bulks large in the price 

of the product tothe consumer. These problems of supply, demand, 

and cost will be given greater consideration in the chapters 
which follow. 

1)1 chapter II use will be made of census data to give a picture 

of the fluctuations in employment, relating them as faras possible 

to corresponding fluctuations in production, while chapter III 

will deal with some of the economic conditions of supply and 

demand which brought .these about. Chapter IV will be concerned 
wi th the more specific problem of the impact of technological 

and other factors upon the differences and fluctuations in unit 

labor requirements and, in turn, with the effects of these upon 
employment opportunities. For this purpose it will rely largely 

upon data obtained from the field survey of individual plants. 25 

Chapter V wi 11 at tempt to relate the effects of all these factors 

upon the absorption and displacement of labor in the industry. 

26ThrOughout the report, data not credited to another source are der1ved from 
the first and second surveys mentioned In the Introduct10n. For conven1ent 
reference these surveys are hereafter c1ted as the NRP-NBER f1eld survey. 



CHAPTER II 

THE VOLUME OF EMPLOYMENT IN T8E 
BRICK .lND TILE INDUSTRY 

MI .... UIllMiNT Dr 'IIDDUCTIIil ... irD IMPLDYMINT 

In order to relate changes in employment to changes in production, 

it is fi rst necessary to cope wi tb the problems of how to measure 
product ion on the one hand and employment on the other. The 
diversi ty of the products in the brick and tile industry made 
necessary the s~lection of some common unit of measurement: the 
unit selected was that of 1,000 common brick, into which the 

uni ts of the other products were converted. As has been pointed 

out r the processes and raw materials used are essentially the 
same for all five products. It was therefore assumed that average 

relative values would roughly represent relative labor require
ments for the production of the several types. Over a period of 

years the fluctuations in values due to fluctuations in the demand 

factors tend tObalance. For example, face brick, which was worth 

on the average 1.5'15 of the value of common brick, was converted 
into common-brick equivalents by equating 1,000 face brick to 

1,5'15 common-brick equivalents. Similarly, a ton of building tile 

which has an average valne of 0.593 of the value of 1, 000 common 
brick was equated to 593 common-brick equivalents. The conversion 

f actors used for converting the qUllnt i ties of each of the products, 
as reported by the census, into common-brick equivalents were 

averages of the values of each product relative to common brick 

over a period of years during which there seemed to be no marked 
trend in the relatives.' Where the relative value changed during 

the time under consideration, the period of years was broken up 

into two or more parts and suitable conversion factors computed 

for each, or in some instances a trend was assumed in the con
version factor for a period of years." The conversion factors 

for 1919-35 are: Common brick, 1.000; face brick, 1.5~5; vitri
fied brick, 1.936; hollow building tile (per tonI, 0.593: and -drain tile (per tonI, 0.687 (for earlier years see table A-121. 

1The method.s used 1n the CB.se study ot 1ndivld.uB.! plants are 41Seussec1 1n 
chB.pter IV &nO applnOU B, sect10n on ·Colllparablllty or Convers1on or '1810-
Study Product1on Data Into Common-Brlck Equivalents,. 
2'or details or mettJOOa uatO, S8& appen01J: 8, sectlon on ·Convers1on of census 
Product 1 on Data In to COJlUllon-Brl ck EQU1 val en ts, • 

23 
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The ratio used in this chapter to equate face brick to common 

brick is higher than that Obtained by cOlllparing relative labor 
requirements for face brick and common brick in the individual 

plants manufacturing both face and common brick. It is possible 

that the ratio 1.5Lf5 includes a scarci ty factor not attributable 
to labor time, as, for example, the quality of clays used or the 
use of more skilled labor; nevertheless, a cOlllparison of census 

data on employment in plants whose major product is face brick 

with that in plants whose major product is common brick for the 

years 1925, 1927, and 1949 indicates that the average labor re
quirements for 1,000 face brick relative to 1,000 common brick 
is considerably greater than indicated by the ratios obtained 

frOlII individual plants in the NRP-NBER field survey. This is 

probably due to the fact that in general plants whose major prod
uct is face brick use more Care in production in order to produce 
a better quality, while the face brick produced in common-brick 

plants requires only the additional handling necessary to sort 
ou t the bet ter-burned bricks or to sort for color. The error 

in traduced in using these conversion f actors based on value would 
be an overestimation ot production in the years since 1909, an 
error which might amount toasmuch as 5 percent in 1925. Despite 

the possible error, it was considered worth while to estimate 
production by means o~ these conversion ratios in order to have 
a production series to cOlllpare with the employment series from 

1&!9 to date and to have sOllIe measure of the change in productivity 

over a longer period of time than would otherwise be possible. 

Employment is usually measured by the number of persons employed 

on a certain date, during a Riven weekormonth. orby the average 
number for a given year. The Bureau of the Census asks for the 

number on the pay roll for the week which includes the 15th day 

of the month or some other normal week. The average at these 

monthly figures is given as the average 'number employed during 

the year. Each person is counted as one even though he may have 

wprked only a few hours in one day of the pay-roll period. This 

method tends to overstate the employment for the selected pay-roll 

period and for the ye,ar. It is at best a crude measure, there
fore, of the number of man-years of labor. Each year is composed 

of 12 months, but the average number of working hours in the 

months may vary from region to region or from year to year. 

lihUe this measure usually reflects changes in the number ot men 

working in the industry, care must be exercised in concluding 
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that increases or decreases in the reported average number of 
wage earners correspond to actual changes in the number of wage 
earners employed. 

Man-hours furnish a better measure of the quantity ot labor 

used than the average number of men employed. In order to esti
mate the number of man-hours of labor in the plants, census data 
on prevailing hours of labor per "eek were corrected to make 

allowance for the ditterence bet"een prevailing and actual hours 

worked. The correction used was a reduction of 11 percent in 
prevailing hours. 3 Allowing 6 days, or 1 week, for holidays, 

the corrected number of hours worked per week was multiplied by 

51 to yield average hours worked per wage earner per year. This 
figure, multiplied by the average number of employees, gave an 

estimate of the total number of man-hours in the plants for the 
census years for which data on prevailing hours were available. 
For other years, average prevailing hours of work were obtained 
by interpolation.' 

TRENDS 

Table .. and figure 1 make possible a comparison of the changes 

in employment and production. Production increased at the almost 

uniform rate of ~o to SO percent per decade up to 1909, with the 

exception of the decades of the eightiesandnineties. From 1879 

to 1889 production more than doubled, while from 1889 to 1899 

there was a small increase; hence the average of the two decades 
more than kept up the normal rate of increase. Employment, as 
measured by the average number of wage earners, increased at the 

average rate of 53 percent per decade up to ,889, slowing down 

to an average of 8 percent per decade from 1889 to 1909. The 
year 1909 marked a change in the behavior in both series. It 
cyclical influences are ignored, production may be said to have 
reached a sort of plateau, while employment began a declining 

trend. From 1909 to 19"9 there was an average decrease of :;11 

percent per decade Or ;j,3 percent per annum in the average 

number of wage earnerS. A comparison of the relative trends of 

3Based on computations made or the ratio or average hours actually work.ed 1n 
a pay period to average fUll .. time hours, using data round. 1n tbe follow1ng 
sources: Allan H. W1llett, Ind'UStrial Survey in Se lee ted Industdes in the 
United States,1919 (prel1m. rep.; U. B. Dept. Labor, Bur. Labor Stat1st1cs, 
Bull-No.B65, Hay 1920); Wllliam F. K1rk, Productivity Costs inCo •• on-Bdeli 
Industry (n. S. Dept. Labor,BUT. Labor Statist1cs. Bull. No. 356. oct. 1924-). 

"For deta.lls or methoC1s used, see appendtJ: B, sect10n on 'Est1mated Employment 
and Man-hOUrs in Br1ck and T11e Manuractur1ng.~ 



26 BRICK AND TILE 

production and employment reveals an increasing spread between 
the movements of the two during the period beginning with the 

decade ,869-79. This reflects the tendency toward a displace

ment of labor, which was counteracted by increasing production up 

to 1909. After this there was no important counteracting factor. 

Declining demand for brick and tile and improved technology com

bined during this later period to reduce the demand for labor. 

The man-hours trend is similar to that of employment, except 

that a decline in the length of the nomal working week caused 

the relative movement of man-bours and production to diverge at 
a somewhat faster rate than employment and production. In other 

'Words, the shortening of the working week retarded to some extent 

the displacement of labor measured in man-years. 

Year 

1849 
1859 
1869 
1879 

1889 

1899 
1904 
1909 
1914 
1919 

~921 

1923 
1925 
19,27 

1929 
1931 
1933 
1935 

Tabl. 4.- PRODUCTION, EMPLOYMENT, AND MAN-HOURS 
IN BRICK AND TILE PLANTS, 1849-1935 

(Ind,x DlImht., 1914-100) 

Production& Average number Total number of 
of wage earners b man_hours b 

Common-brick 
equi valents Index Number Index Thousands Index 
(millions) 

1.419 11 11.949 19 n.B. -
2.032 16 14.426 23 n.B. -
3.012 23 30,347 48 82.483 ~1 

4.505 34 40.592 B4 110,304 68 
10, 009 76 65,020 103 173.193 107 

10.603 81 85.822 104 173.836 W7 
~2, 948 99 70.246 111 184.536 114 
15,738 120 76.298 ~21 199.214 123 
13,098 100 63.189 ~OO 162.080 ~OO 

9.155 70 46.549 74 115.162 71 

8.752 67 41,3e1 65 100.838 62 
14,275 109 58.981 93 ~42. 911 88 
15.388 117 58.050 92 138.275 85 
14.708 112 54.721 87 128.375 79 

12.581 96 47.771 76 110.351 68 
5,429 41 25.934 41 n. a. -
2,035 16 11.165 18 ~8, 791 ~2 

3.428 26 17.466 28 33.133 :a:J 

aFar methods used In converting census units to common-brick equivalents, see 
appendU B. seetion on 'Conversion or Census Production Data Into Common-Brick 
Equivalents. ~ 

bBased on Census oj Nanu,fa.ctures ~ata. Farmetho(1s or making est1mates, see 
appen(1ix B. sectlon on 'EstimateG Employment and Han-bours 1nBrlck sDd 'I'Ue 
Hanuracturln~ •• 
n.R. Data not ava1lable. 
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Pigor. 1.- PRODUCTION, EMPLOYMENT, AND MAN-HOURS IN 
BRICK AND TILE PLANTS, 1849-'935 
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CYCLICAL PLUCTUATIONS 

Figure 1 gives some indication of the major cyclical fluctua

tions in the industry. Before 1899 these are obscured by the 
fact that data are available only at 10-year intervals. It is 
well known, however, that 1889 is approximately the peak of a 
major cycle. It is followed by a taIling oft in employment during 

the nineties and a rise to a new peak in 1909. From 1909 to 1935 
the cyclical fluctuations are eviden t, wi th a low period from 191'1 
to 1921 from which employment rises to a peak during the years 

1923-25. It theu falls off to a low point iu 1933 at which time 

it is the lowest on record during the 86 years uuder survey. 

The period 1879-89 was one of great industrial growth and 

expansion with its attendant increase in city population and 

building activity. Production of brick and tile increased 5.5 
billion common-brick equivalents or 122 percent, while employment 

increased 211,1100 or 60 percent. This period was followed by a 
depressed condition during the nineties from which the industry 
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didnotrecover untiltheturn of the century. Comparing1899with 

1889. there is little change in either production or employment. 

The period ot industrial mergers. wi th the growth ot corporations 

after 1900, was accompanied by a new period of building activity, 

during which the hand methods in the brick and tile plants were 

rapidly replaced by mechanical methods. Production increased 5.1 

billion common-brick equivalents in this decade, or ~8 percent, 
to its all-time high in 1909, while employment increased 10,.$00, 

or only 16 percent. This was followed by a depressed condition 

in the industry, accentuated during war times by restriction on 
building. in which production and employment fell otf at much 

the same rate. 

During the boom in building which followed the World ~'ar and the 

depression of 1921, production again increased much faster than 

employment. It had increased 6.6billion, or 75 percent, by 192$, 
while employment had increased 16.700, or Q.o percent. After 1925 

product ion and employment fe 11 off. t he latter reac hing an a11-t ime 

low in 1933, with production ~nd man-hOUrs falling at about the 
same rate but with average employment holding up somewhat more than 
man-hours because of the decreased length of the working week. 

It is evident from figure 1 that the great advances in produc

tion over employment, which were noticed in "the comparison of 

the relative trend mdVements of these curves during the period 

1869-1935. took place in waves and that these coincided with the 

cyclical upswings of production which occurred between 1879 and 

1889. 1899 and 1909. and 1921 and 1925. During the downswings. 

little relative chanR'e took place between the curves of production 

and employment. but employment tended to fall of! less than pro

duction. In other words. technological changes which tend to 

displace labor seem to have had their pronounced eftects during 

periods of cyclical expansion so that the net effects have been a 

relative slol<ing up in the absorption of labor into the industry. 

During periods of depression in the industry. the displacement 

of labor has been somewhat less than the decline in production. 

We can therefore see that because ot major cycles in the industry. 

which have been increasing in amplitude since 1889. employment 

has been characterized by years of marked absorption of labor 

into the brick and tile plan ts. followed by years of displacement. 

From 1 &.9 to 1889 it is probable that these cycles were marked 

only by a slowing up in the increase in production and employment. 
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During the nineties the depression in the indnstry was doubtless 
marked by a falling off in employment, as remarked upon by con

temporary writers, but by 1899 the indnstry had recovered suf
ficiently so that the only evidence the chart gives of this is the 
absence of any marked change over 1889. After 1909 when the down

ward trend of employment accentuated the decline due to cyclical 

fluctuations, the falling of! in employment is marked. In 1897, 

at the low point in production, employment was probably less than 
20 percent below that of 1889; in 1918, perhaps 50 percent below 

the peak of 1909; and in 1933, 8, percent below the 19~ peak. 6 

The industry has gone through three stages of development since 

1849. The first, 18~9-1909, was one of rapid growth. This was 
followed during the next 20 years by a period of relative sta
bility with respect to trend, after which there was a period of 
declining production. In the first period the growth factor 

overshadows all tendencies toward declining employment; in the 
second, labor is displaced whenever general conditions of demand 
react upon the demand for brick and tile, but reemployment returns 

with a favorable change in the demand situation; in the third 

period displacement of labor takes place wi th the falling off 
in demand, and reemployment tends always to be at a lower level 
with the return of favorable conditions of demand. In a later 

chapter there will be a discussion of the relation between in

creasing productivity and this failure of returning demand to 
reabsorb the workers into the plants. 

SSASONAL PLUCTUATIONS 

The seasonal fluctuations in the production of brick and tile 

are doubtless due to two causes: seasonality in the demand for 

the products and weather conditions which make production diffi
cult during certain months of the year. 

The determination of a typical seasonal index for brick offers 

many difficulties, among which is the measurement of product ion. 

Probably the most common point in the production process for 

measuring production is where the green bricks leave the machine. 
This measure of product ion is commonly known as machine product ion 

or green-brick production, and the production of burned brick is 

Ei The est1mates tor 8I11t110yroent 1n 1897 and 1918 are based on eensus Oats on 
proouction and estimsteo. man-hours requlrec1 to produce 1.000 comlllon br1ck 
In these years, which were Interpolated between est1mates tor man-hours per 
thousand comMon brick made tor census yesrs. Bee table 27 tor the llIan-hour 
ratiOS tor census years. 
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otten estimated from this by subtracting a constant percentage 

for loss in handling, drying, and burning. The time elapsing 
between the output of green brick and the drawing of burned brick 
may be anywhere from 10 days to a month or more. It may, in 

fact, be several months it the bricks are stored in the kiln 
at the end of the operating year. In some plants in the Chicago 

area the bricks are not burned until OrdE"fS are received, and 
in most plants they are only drawn when needed for shipment, 

except when stocks are being built up. 

The process of brick production is not a continuous one in 

the sense that brick flows in a stream from clay mining to storage 

or market. Plants tend to have much greater machine capacity 
than drier and kiln capad ty. Both driers and kilns, as well 
as storage sheds, can act as storage facilities for brick. The 
flow from the machine may be speeded up during certain weeks or 

months and then shut down while the brick flows at a slower rate 
through the rest of the plant. Admitting these limitations of 

the data on machine production as a measure of the final output, 

it is nevertheless possible to use these data, combined with 
those of shipments and stocks, to give a picture of the season
ality of the flow of products through the plants to the market. 

December, January, and February tend tobe extremely low months 
in machine production, many plants shutting down during this 

time. There are several reasons for this: Snow, freezing temper
ature, or heavy rains may make mining of the clay difficult; 

when drying is in the open air, plants cannot operate during 
win ter months; sh ipments may be impossible because transportat ion 

is closed, as on the Hudson River or on the Great Lakes in the 

winter; and the demand tor brick tends to fall ott in winter 
because of a decline in building activities. 

An examination of table 5 and figure 2, presenting the seasonal 

fluctuations in production, shipments, and stocks of common brick, 

shows that shipments tend to run ahead of production during the 

·first 'I months of the year, stocks being drawn down in plants 
which have not started operations. By May most of the plants are 

in operation, and from then on through November production runs 
ahead of shipments. The plants which operate only during the sum

mer or for part of the year build up stocks for the winter months. 

There appear to be two peak months of machine production, one 
in July when plants are in full operation filling the summer 
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Tabl. 5.- SEASONAL PRODUCTION, SKIFMEHTS, AND STOCKS 
OP COIMlN BRI CII, 1934-38 

Month Production& Shipments b Stocks b 

11 ) (2) la) 

January 46.917 58.923 420.215 
February 35.893 47.699 408.209 
March 49.614 77,628 380,195 
April 74.191 98.204 358.182 
May 110.825 106,622 360.185 
June 117,693 106.687 372,191 

July 129.699 105,687 396.203 
August 122.369 110.363 408.209 
September 107.818 103,816 412.211 
October 137.334 125.328 424.217 
November 110.885 102, 8Sl. 432.221 

December 79.499 79.499 432.221 

8. Sh1 PJII.ents adjUsted tor changes In stocks since preceding month. Flgures 
represent machine produetion. 
bSased on data comp1led by the U. S. Department or Commerce, Burea.u or the 
Census, trom reports rece1ved trom 437 plants Wh1ch produced 54 percent ot 
all common brick in 1933. Data are publ1she<1 in Survey of Cunene BusineS'$ 
(U. 8. Dept. Com., Bur. For. and Dom. Com.), 11936 supplement,' p. 137; 16. 
No. 12 (Dec. 1936), p. 515; and 17, NO.4 (Apr. 1937), p. 53. The seasonals 
were computed by multIPlYing the 1934-36 monthly averages ~y the respective 
eeasonal indexes (table 6). 



32 BRICK AND TILE 

demand for brick and the other in October when shipments have 

a peak due to the fall seasonal in city building and the necessi ty 

for an adequate supply of bricks for the winter months. For 

many plants October machine production must be large enough to 

build up any detici t in stocks which may be necessary to fill 

orders coming in during the winter months. It will be seen that 

the stocks on hand at the end of December are large enough on 

the average to cover the next halt-yearts shipments. 

The seasonal in machine production gives too discontinuous a 

picture of the actual plant operation either to represent the 

production of burned brick or to give a picture of the demand for 

labor. I n table 6 a 2-mon th moving average cen tered on the middle 

of the second month has been applied to the seasonal indexes of 

production in order to distribute the production more uniformly 
and to center it nearer to the point of final production, that 

of drawing the brick. It will be noticed that in the picture 

now presented in figure 3 production gradually works up to a 

peak in August, 2 month later than in the previous series; then 
there is a slackening in production, followed by a high point 

TIDI. S.- SEASONAL INDEXES OF PRODUCTION, SHIPMENTS. AND 
STOCKS OF COMMON BRICK, \934-36" 

(A"I rag. = tOO) 

Month Product ion Shipments Stocks 

Jar,uary 63 63 105 
February 42 51 102 
March 48 83 95 
April 70 105 89 
May 101 114 90 
June 122 113 93 

July 133 113 99 
August 137 118 102 
septem:,er 123 111 103 
October pO 134 106 

November 132 110 108 
December 99 85 108 

8Computed rrom data In SU1"vey oj Cun"e1lt Business (U. S. Dept. Com •• BUr. 
F'or. and DOlll. Cern.), "l93e Supplement,· p. 137; 18, NO. 12 (Dec. 1938). p. 58; 
17, Nc. 4. (Apr. 1937), p. 53. Monthly pr'Jduction rigures were obtained 'Oy 
adjUsting shipments for changes 1n stocks since preceding month. Seasonal 
relatives were computed separately for each year and adjusted for trend In
<Heated 'Oy the figures ror January ot the given and succeeding years. The 
Indexes tor shipments 8110 stocks were comDuted tram the averages, tor e3.ch 
me nth, at the adjusted seasonal relatives tor the three years. The !:1.de:r ror 
production was obtained similarly. but is shown as a 2-month mov1ng 8?erage 
centered in the second month. 
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Pl •••• 1.- SEASONAL INDEXES OP PRODUCTION AND EMPLOYMENT 
IN BRICK AND TILl PLANTS, 19S5 
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in November which is somewhat lower than that in August. e This 
peak and the SUbsequent decline maybe exaggerated, as the burning 

and drawing at the October machine production may be distributed 

over several months. 

In figure 3 the seasonal index at production ot common brick 
is compared with that ot employment in brick and tile plants 
tor the year 1935. The employment index runs a smoother course 

because much handling at the brick may take place at periods 

6cr . Simon Kuznets. Seasonal Ya.,.(ations "" Indust.,.y and !1'"ade (New Torlt; 
National BUreau or EconoMic ResearCh, tQ33). pp. 22, 4.03, tor seasonal lnd.e:r:es 
or sh1pments, production, stocks. and new orders tor 1921-31. 
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when there is no machine product ion, e. g. I when the kilns are 
being set a!ter drying has taken place and again when bricks 

are being put in storage a!ter they have been drawn. In fact, 

when bricks are loaded directly from the kiln to trucks for ship

ment, less labor is required than when they must be loaded onto 

wheelbarrm,s or hand trucks to be taken to storage sheds and 

there unloaded and stacked. The eHect of this is to keep up 

the employment for labor during the slack time in late summer 

when there is a slowing 'lP in shipments. It will be noticed also 

that the rise in employment tends to precede production by about 

a month and to fall off before production talls off, which is what 

would be expected when the length of the brickmaking operation 

is taken into account. 

Figure 'I and table 7 give a picture of the declining amplitude 

of the employment seasonal from 1899 to 1935. In 1935 the ampli
tude is represented by a peak employment in July (22 percent above 

the average) and a low point in February' (32 percent below the 

average). It is reasonable to believe that the seasonal is not so 

marked during years of more normal production, but there are no 

monthly data for employment for the years between 1909and 1935. 

The declining amplitude is doubtless due to the lengthening ot 

Month 

January 
February 
March 
April 
May 
June 

July 
August 
September 
october 
November 
December 

Tabl. 7.- SEASDNAL INDEXES OF EMPLOYMENT IN 
BRICil AND TILE PLANTS, 1889-1935" 

(Avarag.=loO) 

1899 1904 1909 

33 39 50 
34 40 51 
51 57 67 

105 95 102 
149 136 127 
157 147 135 

158 150 137 
152 147 133 
140 138 129 
108 116 110 

69 79 87 
47 57 72 

1935" 

69 
68 
79 
96 

114 
120 

122 
119 
111 
109 
100 

93 

aBased on Census of Nanuta,ctu'rBS data, wh1ch reter to the census claS81t1cat1on 
or ftBr1ck and tlle~ except tor 1935 "hen they rerer to tile classlt1catlon 
·Clay products (other than pottery) and nonclay retractorles.' 
bUnl1Ke preced1ng years, r1gures tor 1936 showed a notlceaDle trend. A rough 
adjUstment "as made to remove tniS trend. 
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the period of operation during the year. A modern plant can 

operate 12 months in the year at capaci ty product ion if the demand 

keeps up. Weather conditions no longer prevent winter building 

to the extent that they formerly did. Thus the handicap of 

weather conditions bas been overcome to some extent both from 

the demand ano supply sides. 

Plrar. 4.- SEASONAL INDEXES OP EMPLOYMENT IN 
BRICK AND TILE PLANTS, 1899-1935 
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BMPLOTNBNT AS AFFECTED BY FLUCTUATIONS IN MAN-HOURS 
PER WASE EARNER PER YEAR 

During the interval from 1869 to the present time there were 
several factors which brought about fundamental changes in the' 

number of hours worked per wage earner per year. For a long time 

the making of brick 'and tile was considered a summer industry. 
Illustrative of this is the plant which imported French-Canadian 

workers from Canada to New Jersey to make brick during the summer 

and sent them back to Canada where they engaged in lumbering 

during thewinter. In 1889 the average of the actual weeks worked 

per year per wage earner was 31.2; this probably corresponded to 

35 weeks of continuous plant operation. It would be fairly typical 

of the industry during the period when buildings and equipment 

were primitive, when much of the production was by a crude hand

molding process, and drying was in the open air. From 1879 to 

1909 there was a great increase of machinery and equipment in 

the plants and an increase in the buildings, which accompanied 

substitution of artificial drying for outdoor drying and of 

artificial tempering of the clay for natural tempering. This 

change made possible continuous operation for a longer part of 

the year. Today, while many of the plants can operate during 

12 months of the year, other plants are closed down 6 to 8 weeks 

or longer. 

While the above factor has tended to increase the number of 

man-hours worked per wage earner per year, this tendency has 
been offset to some extent by a decrease in the number of hours 

worked per week. Before 1890 the normal length of the working 

week was 60 hours or more, bu t .f rom that time it gradually de

creased until in 1919 it was 54 hours. The hours continued to 
be high up to the period of the NRA, when they were reduced to 

around 40 per week. 

The changes in average bours worked per wage earner due to the 

lengthening of the year of plant operation are obscured in table 

8 by the use of the yearly average of the monthly figures for the 

number of wage earners. The table reflects only changes in the 

length of the working week, while the lengthening of the operating 

. year would be reflected in a larger average number of wage earners 

relative to the number of persons employed during peak operation 

or relative to the number of jobs offered in the plants. 

According to the table, each census year since 1879 reveals 

a shortening of the average number of hours worked per year wi tn 
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T •• I. 8.- AVERADE MAN-HOURS PER WADE EARKER PER YEAR 
IN BRICK AND TILE PLANTS, 18&9-1935" 

Year Man-hours Year Man-hours Year Man-hours 

1869 2.705 1909 2.611 1925 2,382 
1879 2,705 1914 2,560 1927 2.346 
1889 2,652 1919 2.474 1929 2,310 
1899 2,641 1921 2,438 1933 1,683 
1904 2,627 1923 2,423 1935 1.897 

37 

aBased on Census of Nanutactu'f'es data.. For methods used see append.lx B. sec
tlon on 'Est1mated Employment and Han-hOUrs 1n Brick and T11e ManUfacturing.' 
FigUres are equivalent to the total number or man-hours divided by the average 
number ot wage earners. 

the exception of 1935, when the weekly hours of work actually 

increased. If more data were available on hours actually worked, 

fluctuations in this seemingly regular rate of decrease might 

be observable. It is probable that the ratio between prevailing 

hours and actual hours worked would show fluctuations due to 

cyclical changes in production. 

Averages of monthly figures, used for all yearly data, fail to 

give an idea of the number of persons actually involved in the 

employment in the plants and industries covered. For example, 

100 people might be employed in a plant for 6 months of the year 

and be idle for 6 months because of the shutting down of the 

plant, or 50 people might be employed for 12 months of the year. 

In either case the average number employed for the 12 months 

would be 50 people. In the first case a labor supply of 100 

would be necessary and in the second case only So. While in 

the first case the labor income derived from the plant would 

be divided among 100 and if no other jobs were available would 

constitute their annual income, in the second case a labor supply 

of 50 is sufficient and the labor income would be divided among 

the 50. This rests of course on the assumption that the daily 

wage is unaffected by the seasonality of the work and would not 

be reduced as the period of work is lengthened. In other words, 

the average annual income for persons employed would be twice 
as great as in the former case. From the point of view of the 
industry concerned, it may make little difference whether 100 

persons are employed for 6 mon ths or 50 persons for 12 months, 
provided the labor supply is there, but from the point of view 

of the individual labor income it is very important. 
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There are doubtless more wage earners attached to the industry 

than the figures for average number of wage earners in table 4 

would indicate. The earlier censuses throw some light on this 
matter. From 1849 to 1889 the sChedules asked for the average 

number of "hands employed II during the months of operation. In 

1869 the number of weeks of actual work was 31.~. In table 9 

a comparison is made between the average number employed and the 

average number employed during the months of plant operation. The 

latter figure is an estimate of the average number of wage earners 

who might consider themselves attached to brick and tile plants. 

Peak employment may have accounted for another 11 percent drawn 
from those who make up the surplus labor supply considered nec

essary for satisfactory operation of the manufacturing industries. 

Tabl. 9.- AYERABE NUMBER OF WAHE EARNERS ATTACHED TO BRICK 
AND TILE PLANTS, 18&9-1915 

During months During peak Temporarily 
Year DUr lng year&. of operation&' operation b attached 

(3)-(2) 

( ~) (2) (3) (4) 

~869 30.347 44. O~~ 48.897 4.846 
~879 40.592 58.923 65.405 6,482 
1889 65.020 94.383 104.765 10.382 
~899 65.822 95.244 ~03. 406 6,162 
~904 70.246 96.097 ~05. 369 9.272 
1909 76.298 97.66~ 104.605 6.944 
~935 17.486 ~9.702 21.212 1,510 

a The yearly average reported by the census Is tor the average number e1llP101'81:1 
during the months or plant operation tot' 1669-a9 and tor the 12 months or 
the year tor the period leg9-1935. For the years 1869-89 the average number 
ror the 12 months at the year as given in this table was estimated assualng 
the sallie length or yearof' plant operation as in 1889; tor the years 1899-1935 
the average number during months or operation as given In tbe table W8S 
est1mated. See discussIon in te.lt. 
brar 1869-89 this Is estimated 8S 111 percent or the avera.ge number eJlploYed 
during months or operation. See linth Censw of the United States: 1870, 
·Wealthand Industry· (U. S. Dept. Int •• Census artlce, 1672), p. 375. where 
it 18 estimated that 111 percent Is the ratio between mu:lmulll an" average 
nwnber or persons engage~ In all branches or industry taken together. "or 
1699-1935 It Is the number employed during the month or peak employment. 

After 1889 the reports of the census offer little information 

in regard to the average length of the operating year. but another 

'method may be used to determine the number of persons attached 

to the industry. Monthly data on employment in brick and tile 

are available for 1899, 19Dq., 1909, and 1935· Froman examination 

of the seasonals in figure 4. the average of the employment in the 
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two months of Hay and September seemed a reasonable estimate of 
the average during- the months of plant operation. This has been 

inserted in column (~I of table 9 for the above years. 

It will be noticed that the number of wage earners during peak 

operation and the average number at tached to the indnstry during 
the months of operation remain fairly stable from 1889 to 1909. 

The average number during the mnnths of operation appears to vary 

Ii t t le more than .2 percent between any.2 census years and increases 

only 3.5 percent from 1889 to 1909, while when the average is 

spread over the 12 months, there appears to be an increase of 

i7 percent in employment during the same period. This means that 

the plants did not offer ,jobs for more persons but rather that 

they offered more weeks of work per wage earner attached to the 

plants. 

To the extent that these estimates represent the true condi t ions 

in the plants, the labor force needed for normal operation was 

L4-5 percent above the average for the year in 1899 and only 13 

percent above the average in 1935. For peak employment another 

9 to 13 percent was taken from the surplus labor reserve during 

these census years. rhese estimates would indicate that the 

average number of weeks of plant operation increased from 35 in 

1899 to '10 in 1909 and to '15 in 1935. This would be the average 

length of the working year fnr those normally attached to the 

plants. Figure q., showing the decline in the amplitude of the 

seasonal, represents graphically the effect of this change in 

the length of the year upon the aggregate monthly employment in 

the industry. 

Too great confidence must not be placed in the accllracyof these 

figures since they are only rough estimates based on inadequate 

data. They serve, nevertheless, to indicate approximately how 

large a number of wage earners is affected by changes in the 

demand for labor in the production of brick and tile. The resnlts 

may be translated into numbers which may be said to approximate 

normal operatirm at present byan average of 50,000 wage earners 

per year which was the average employment forthe decade 1919-29. 

the last decade which can be considered normal in any degree. To 

bring about this average for the year, there would be an average 

of approximately 56.500 employed during the months of operation 

and '1.500 more temporarily attached to the plants during the 

period of peak operation. 
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In discussing labor displacement, a distinction should be made 
between three rather dif!erent concepts. The annual average num
ber of workers based on an average of monthly employment figures 
is a measure of the number of man-years of employment composed 

of 12 months each, irrespective of the number of working hours 
in the month. Aggregate man-hours is a measure of actual hours 

worked. Man-hours and average number of workers are measures 
of workin~ time, the former being a more accurate measure of that 
factor than the latter. The number "attached" to the plants or 

the number employed during peak operation, however, measures the 

number of persons or number of .iobs rather than hours, months, 
or years of work. Unfortunately most data on employment are 

qui te inadequate for the purposes of the latter measure. Thus, in 

measuring displacement of men, it is necessary to make SODIe 

estimate of the number of persons displaced, while a measure of 

displaced labor time requires the use of either man-hour data 

for an accurate measure or the average number of workers employed 
for a less accurate one. 

From 1899 to 1909 the average number of wage earners increased 
16 percent, and the number of man-hours increased 15 percent. 

This miRht lead to the conclusion that l'ersons were being absorbed 

into the plants. A glance at table 9, however, reveals the fact 

that the number of wage earners attached to the plants remained 

relatively stable. The tendency toward displacement of men by 

improved techniques and lengthening of the year of plant operation 

was only just offset by the increase in production. This period 

in which the industry attained its growth is the only period of 
relative stability in employment. Since 1909 men and man-hours 

have been displaced because of improved techniques and falling of! 

in production. The decrease in the average normal working week, 

from 57.7 hoursin1909 to 51.0 in 1929,hadlittle counteracting 
effect on this tendency toward displacement. The shortening 

of the week was largely offset by the lengthening of the oper

ating year. When in 1933 the normal working week was reduced 

to around '10 hours, the displacement of men by the lengthening 

of the working year was more than offset. Since the NRA period 

there has been some return to longer hours of work, but in 1935 

the average of actual hours worked per week was only 36.5. 7 It 

seems likely therefore that, should the plants operate at 70 to 

'An estimate based on the U. S. BUreau or Labor Stat1stics' flgures tor the 
-Brick. tile, and terra cotta" Intluatry. This corresponds to a normal work1ng 
week or about 42 hours. 
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80 percent of capacity again, hours would be shorter than they 

were in 1929 so that at least some of the displacement of wage 

earners due to improvement in technique would be offset by the 
factor of shorter hours. Over 30 percent more wage earners per 

unit of production were attached to the industry in 1935 than 

in 1929. This was due in part to decreased efficiency as a result 
of operation at a small fraction of capacity, but the shortening 
of the working week was a more important factor. 

VOLUMI OF EMPLOYMENT IN ALLIED VERTICAL SEBM£NT5 
OP THE INDUSTRY B 

The production of brick and tile creates auxiliary jobs as 
well as jobs for workers in brick and tile plants. When the 

Tlbl. 10.- ESTIMATED EMPLDYMENT IN BRICK AND TILE PLANTS 
IB99-1935& 

Total persons Salaried employees 
employed'o 

Year Percent AveraQe Index A.verage Index 
number (1914"1001 number (1914-1001 of waQe 

earners 

1899 75.432 111 9.6~0 193 14.6 
1904 79.799 117 9.553 191 13.6 
1909 85.5:lO 125 9.232 185 12.1 
1914 88.181 100 4.992 100 7.9 
1919 51.389 75 4.640 97 10.4 

1921 45.580 67 4.219 85 10.2 
1923 84.289 94 5.30B 106 9.0 
1925 6a.507 93 5.457 109 9.4 
1927 59.865 BB 5.144 103 9.4 

1929 52 .500 77 4.729 95 9.9 
1931 2B.605 42 2.671 54 10.a 
19aa 12.348 IB 1,183 24 10.6 
1935 19,317 2B 1.851 37 10.6 

aBased on Censf4! of Nan~tactu.,..es data. Method.s used 1n estimating employment 
are explained. 1n append1x B. sectIon on 'Est1mated Employment and Han-hours 
1n Br1ck and TUe Manutacturlng.' 
bwa.ge earners and salar1eCl employees. 

8EmpIO)'1!lent as used 1n this section necessarily reters to the average number 
ot persons employed dur1ng the year anel1s a rough measure Of !Ian-years rather 
than ot persons attacheCi to the industry. See p. 24. 
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question of employment is discussed, attention usually centers 

upon statistics in regard to the wage earners. However, within 
the plant there are also those classes of "",ployees usually known 

as salaried workers. Since 1929 these employees numbered, on the 

average, 10 percent of the number of wage earners. There were 

~.729 inthis class in 1929 and 5.457 at the height of production 

in 1925 (table 10). From 1899 to 1914 there was a rapid decline 

in the number of salaried employees, both absolute and relative 
to the number of wage earners. This reflects the trend toward 

larger plants as well as the effects upon this class of employee 

of a certain number of corporate mergers which took place during 

this period. The ratio of this class to wage earners decreased 
from 15 percent in 1899 to 9 percent in 1923. During the de

pression it rose to 10.6 in 1933. probably because of the fact 

that with the decline in production it was not found either 

possible or desirable to lay of! salaried workers in the same 

proportion as wage earners. 

Producteg F.,l 

It has been pointed out that fuel for drying and burning the 

brick is an important item in the cost of making brick. Added 

to this is the fuel used for power. Coal, coke, oil, and natural 

gas are used for burning, with coal by far the most important. 

In table 11 are presented the estimates of the average number of 
wage earners employed in the production of coal and coke for the 

industry. During the period 1909-19. the production of coal 

T.bl. 11.- AVERASE NUMBER DP WASE EARNERS PRDDUCIH~ PUEL 
PDR BRICK AND TILE PLANTS. 1909-29' 

Producinil fuel for brick and tile plants 

Hanu- Percent of number 
Year facturlng manufacturln~ 

brick Total Coal Coke brick and tile 
and tile 

Total Coal Coke 

1909 76.29S 7.967 7.886 81 10.4 10.3 0.1 
1914 63.1S9 7,456 7,373 S3 11.S 11.7 .1 
1919 46.549 5.344 5.304 40 11. :s 11.4 .1 
1929 47.771 3,757 3.719 3S 7.9 7.S .1 

aFor methods of computation and sources see appendix B, section on _Eatimated 
Z-ployment an~ Man-hours in the Vertical Structure of the Industry.-
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added 10 to 12 percent to the number of wage earners employed in 

the plants. By 1929 this percentage was reduced to 7.8 percent 

because of a more efficient use of coal in the industry and 

because of a decrease in the number of man-hours required to 

produce a ton of coal. The percentage for other fuels was probably 

never more than 0.5 percent. It is estimated that it took 4.429 

employees to transport this fuel to the brick and tile plants. 9 

It would therefore be safe to say that for every 100 men working 

in the plants 8 men are employed in the production of the fuel 

and 8 men in the transportation of it. 

ProducJng Machialry 

The production of machinery used exclusively for working the 

clay and making the brick employs another 250 to 500 men in years 

of normal operation (table 12). Except for the abnormally low 

depression years, there are 5 to 8 wage earners employed in the 
manufacture of clay-working maChinery for every 1,000 employed 

in the brick- and tile-manufacturing plants. But this takes no 

account of the employment in the rnanufact ure of such equipment 

as trucks of allsorts, locomotives, power shovels, and types of 

Tabl. 12.- AVERAGE NUMBER OP WAGE EARNERS MANUPACTURINB 
CLAY-WORKING MACHINERY. 1914-35" 

Manufacturing clay-
working machinery 

Year Manufacturing 
P.ercen't. of number brick and tile 

Number manufacturing 
brick and tile 

1914 63.169 504 0.6 
1919 46.549 313 .7 
1921 41.361 342 .6 
1923 56.961 477 .6 
1925 58.050 406 .7 

1927 54,721 296 .5 
1929 47.771 259 .5 
1933 11,165 32 .3 
1935 17,466 52 .3 

aF'or methods ot computation and sources see appendiX B. section on 'Estimated 
EmplOYMent and Man-hours In the VertiCal Structure Or the Industry.' 

gSee appendix B. section On 'Estimated Emplotmentand Han-hours In the Vertical 
Structure or the Industry'. tor an explanation or the methOds used in making 
this estimate. This includes both salaried employees and wage earners. 
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machinery not designed exclusivelY for the working of clay. The 

actual number employed in manufacturing machinery and equipment 
for the industry is probably several times the estimate given. 

TranlpoI'1a8 aAd Dt~tr1but1Da Brick aDd Ti'l 

After the brick and tile have been produced, there remains the 

problem of transporting them to market. Approximately 70 percent 
of the brick and tile was carried by Class I railroads in 1929. 
Of the employees engaged on these railroads, including both wage 

earners and salaried employees, the time of 6,630 could be prop

erly allocated to the transportation of the products of this 
industry. This is equal to 13 for every 100 employees (wage 

earners and salaried employees) in the plants. 10 From 1929 to 

1935 a decrease in employment per ton-mile of freight moved on 

railroads reduced the number to approximately 7 for every 100 
employees in the plants (table 13). 

For water and truck transportation there are no satisfactory 

figures upon which to base an estimate. That the number is con

siderable for trucking is beyond question. In most cases of 

shipment by rail there is drayage in addi tion to railroad trans
portation, sometimes at both ends. Moreover, somewhat less than 

1929 
1931 
1933 
1935 

Tabla 13.- AVBRABI NUMBER OF BMPLOYBBS BNBABED IN 
TRANSPORTING SRICK AND TILE PRODUCTS 

ON CLASS I RAILROADS, 182S-35" 

Transporting brick and tile 
on Class I railroads 

Year 
Manufacturing percent of 
brick and tile number Number 

EIlanufactur in~ 
brick and tile 

52,500 6.630 12.6 

28.005 3.065 10.7 
12.348 1.026 8.3 
19,317 1,376 7.1 

RFlgures are for average number or wage earners and. sa.la.rl ed employees. For 
methods ot computation and sourceS see appendiX B, sectlon on "Est1mated 
Employment and l1an-hours in tbe Vert1cal Structure at thl Industry.-

10rn the two previous sections data '/fere not available tor salaried employeeS; 
hence a comparison wlth plant employment was made on the basis at "age earners 
ratller tllan or tile total number or employees. 
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30 percent of the brick and tile is transported by truck to the 
local markets. A conservative estimate would be at least another 

20 men. per 100 employees in the plant for trucking, drayage, and 
handling of the brick on the way to the market5. 

The Census of Distri but ion for 1929 gives 3.Lf8Lf persons engaged 

in concerns whose major business was the distribution of brick 
and tile. 11 These establishments doubtless distribute all types 

of brick and tile as well as other building materials. Hence 
it seemed reasonable to reduce the number given in the census 

by the proportion that the value of the five products covered 
in this study was of the total value of clay products (other 
than potteryl listed in the census for 1929. Since this was 

Lf6. 7, the number of persons allocated to this industry was 1,627, 

or 3.1 percent of the employees in the plants. 

Im,"Y".' I. lb. V,rthal Stracturl ,f tb, IIl1l.III',12 

Table lLf and figure 5 present data on the average number of 

persons employed in the vertical structure of the industry in 

1929. In this vertical structure there are 69,2Lf5 employees 
(including all those for whom there are any datal as against 

52,500 in the plants, that is, 32 employees outside for every 

100 inside. That this does not include all of the employment 
in the industry is evident from the following gaps in the data: 

Only 70 percent of the transportation is covered; only a part of 
those engaged in distribution are accounted for; only those en
gaged in the manufacture of specialized machinery, and not those 

engaged in making tractors, shovels, and other implements, are 
included. No data are available on the labor employed in pur

chased power. Moreover, salaried workers are included only in 

the brick and tile plants, in railroad transportation, and in 

distribution. The total would come closer to 80,000 than 69,000 

and closer to 50 persons outside of the plants for every 100 

within the plants. 

The trend of employment relative to the number of employees in 

the plants is downward both in fuel and railroad transportation. 

Fmployment in the plants decreased 63 percent from 1929 to 1935, 

While employment on Class I railroads allocated to the trans
portation of these products decreased 80 percent. In the fuel 

l1'ijteenth Censu.s of the United StGtes: 1930, -Distribution' (U. S. Dept. 
Com .• Bur. Census. 1933). II. -Wholesale Distribution,' 78. 
12See rtn. 8. p. 41. 
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Tabla 14.- ESTIMATED AVERAGE NUMBER DF PERSDNS EMPLOYED 
IN SPECIFIED VERTICAL SEGMENTS OF THE BRICK 

AND TILE INDUSTRY, 1929& 

Average number of Percent of brick 

persons and tile 

Segment manufacturing 

Wage All Wage All 
earners employees earners employees 

All segments b 69.245 131. 9 

Brick and tile 
manufacturing 47.771 52.500 100.0 100.0 

Transporta tion of 
brick and 

tl1e c n. a. 6.630 - 12.6 

Fuel 3.757 n. a. 7.9 -
Coal 3.719 n. a. 7.8 -
Coke 38 n. a. 0.1 -

Transportation 
of fuel C n. a. 4.429 - 8.4 

Clay-working 
machinery 259 n. a. 0.5 -

Distribution n.8. 1.627 - 3.1 

aFor methods or computation and sources see appendlX B. sect10n on 'Est1mated 
Emplo11llent and M8.n-hours 1n the Vert1cal Structure or the Industry.' 
bTnclUdes all persons tor whom estlmlltes could be made. 
COn Class I rallroads. 

n.a. Data not &vallable. 

industries the number of wage earners producing coal and coke to 

be used in the brick and tile plants decreased 30 percent from 

1919 to 1929, While the employment within the plants increased 

3 percent. Inasmuch as the productivity in the coal industry 

continlJed to improve after this and the trend is toward greater 

'economy in the use of coal, it is likely that this downward trend 

has continued. 

One change affecting employment in transportation shoula oe 

noted. Formerly the brick from the Hudson River Valley was 

shipped to New York in barges, a method which involved consider

able manual handling from yards to barges, then to docks, and 

from docks to trucks for del,very at building operations. 13 It 

131Sh1PP1ng Br1ck in Containers 18 a Speedy SYstem,' Brick and Clay Rec01"d, 
74, No.2 (Jan. 15, 1929), 85. 
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Plgo •• 5._ YBRTICAL STRUCTURE OP THE BRICK AND TIL! INDUSTRY 

Wit. AVI'." N~ •• r .1 '.r •••. lapl., •• " 1929 
MACHINERY 

MANUf'ACTUR£ 
CL.o.v ""K'1tG 

W'A-liatlon.1 Res •• fch Project 

)1- 28 

was claimed in 1929 that a large part of this Hudson River Valley 

brick was shipped by railroads in container cars. Containers' 

holding 3,000 bricks are loaded and unloaded by cranes. This 

must greatly reduce manual handling. It is significant because 
of the relative importance of the New York market for common 
brick and because of the importance of the Hudson River Valley 

plants in that market. Such changes as this, together wi th a 

t rend toward t ransportat ion by t rucks for considerable distances, 

may be reducing the labor engaged in distribution of bricks by 

reducing tbe handling. Hence it seems reasonable to conclude 

that the employment trend in the allied vertical segments of 

the industry is downward, both absolute and relative to employment 
within the plants. A declining demand for the products, economy 

wi thin the plants in the use of fuel and power, and increasinv 

efficiency in production of fuel and machinery and in transpor
tation - all tend to bring about a decline in employment and 

man-bours in the vertical structure of the industry. 



CHAPTER III 

CHANGING PRODUCTION AS A FACTOR AFFECTING 
THE VOLUME OF EMPLOYMENT 

In chapter II attention has been centered upon changes in the 
fo 1ume of employment, and these in turn have been related to 

corresponding changes taking place in production. It is the 

purpose of this chapter tostudy changes in production in relation 

to the factors in the markets where the demand for brick and 

tile originates and to the factorS which influence the owners 

of the brick and tile plants ei tber to close their plants and 

t~US throw people out of work or to continue the plants in full 
or part operation and thus maintain employment opportunities for 

t~ese people. 

There are several types of fluctuations which should be analyzed. 

In the first place, there are the secular cbanges in production. 

r~e effec t of these on employment may be less serious than other 
fluctuations since change tends to take place slowly, and thus 

~justments may be made in employment by taking on fewer new 

people than the number which withdraw from the industry. 

The second type of fluctuation is commonly known as cyclical. 

'file brick and tile industry, together with others which supply 

dtlrable construction goods, is subject to both major and .minor 
cycles. In recent years the major cycles have so dominated the 

ic ture that minor cycles may be obscured by them, and the sec-
!lar trend sinks into relative insignificance. The most serious 
fObl ems of unemployment are associated with these fluctuations 

~n whic~ expansion in the industry is followed by a long period 
I . 
characterized by part-time or no employment. 

The factors determining seasonal fluctuations have been dis-

Ssed in chapter II and will not come in for special treatment 
Cll 
III this chapter. 

Another type of change which may be of great importance in 
spect to displacement of labor is the shifting of areas of 

~oduction. Total employment in an industry may remain relatively 

'table or even increase while displacement of labor may be tak
I place in certain localities. Such shifting results in the 
Ipg ressed areas which are receiving attention today and which 

~ not recovering as industry picks up elsewhere. 

48 
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The underlying causes which have brought about these various 

types of fluctuations in production are to be sought in the fac

tors affecting the demand for and the supply of the products of 

the industry. Causes of fluctuations in demand will be sought 

in fluctuations in the building and construction industries; 

these in turn will be related to changes in population. Causes 

of cbanges in supply will be sought in various elements of costs, 

such as labor, transportation, and raw materials. Finally, an 
investigation of price change and price control reveals the inter

action of the factors of supply and demand and the effect of 

prices upon production. 

DIFFERENCES IN D&MAHD FDR THE PRODUCTS 

An explanation of the trend of the aggregate production of 

brick and tile must be sought in the demand for the five products 

which compose the industry. Each of these has its own individual 

trend (figures 6 and 7 j.' The production of common brick, always 

the major product of the industry, increased steadily up to its 
peak of 10 billion in 1906. From that time the trend has been 

downward, as is clearly revealed by the fact that the peak in 1925 

was almost 25 percent below that of 1906. 

Common brick has been an important building material since 

early times. It was the outstanding fire-resistant material 
available for use in city building when indust ry began to develop 

rapidly after the Civil War and city population was increasing 
faster than rural population. Brick walls not only carried their 

own weight but furnished the load-bearing element in the struc

ture, bearing the weight of the floors and roof. If the building 

had many stories, massive walls were necessary to support the 

weight of the upper stories. While pressed brick and fancy or 

colored brick might be used for the fronts of imposing structures, 

the better-burned common brick was used for most walls which 

were exposed to the elements. 

During the eighties the first experiments were tried in the 

erection of buildings in which the weight-bearing element was 

the steel frame. This made possible the erection of taller 

buildings. As early as 1900 a census report on the industry 

lSee table A-13 tor yearlY product1on ot each ot the tlve prodUcts. le~4-1Q35. 
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Flga •• &.- PRODUCTION OF COMMON BRICK, FACE BRICK, 
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comments on the failure of the demand for brick production to 

pick up because of the use of iron in building construction. 2 

The twentieth century has seen common brick gradually replaced 

byother building materials, especially in tall office buildings, 

the larger apartment houses, and factories. Concrete is poured 

2rwetfth Census of the United States: 1900. 'Hanufaetures' (U. S. Dept. Int., 
Census Off1ce, 1902), VOl. VII. Part I. p. xcvi. 
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PI.or. 7.- PRODUCTION OP VITRIFIED BRICK AHD DRAIN TILE 
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51 

to make the massive foundation; a steel frame supports walls, 
floors, and roof; the walls, whether made of brick or hollow 

tile, need only be thick enough to shut out the weather. Con

crete floors are made for the purposes of fire protection and 

support of machinery and other heavy equipment; glass is used 

to a much larger extent than ever before as a structural ma

terial and in the greater space ·devoted to windows. Changes 

in architectural style and in the mechanics of construction, 

as well as the development of substitute materials, have all 
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contributed to minimizing the use of common brick. Traditions are 

still strongly in favor of brick, but the trends in modern archi

tecture are toward the use of newer materials such as concrete, 
stucco, glass, and other materials better adapted to modern forms. 

Firesand earthquakes and the evolutions and changes in building 

codes also have had an important influence on the demand for brick. 

All great Ilres, such as the Chicago fire in 1871 and the great 
fires in Baltimore, Rochester, and San Francisco in the first 

years of the present century, have been followed by an increased 

demand for brick and other clay products, not only for purposes 
of rebuilding but also for the purpose of more nearly fireproof 
construction in order to avoid similar disasters. 3 On the other 
hand, earthquakes tend to discourage the useof brick as being less 

able than some other materials to withstand the earth's tremors .... 

Face brick and hollow building tile, which have been displacing 

common brick as structural materials, exhibit marked increasing 

trends during all of this period until" their peaks in 1925. 5 

As was pointed out, face brick first came into prominence during 

the first decade of the twentieth century when the demand for 

pretentious office buildings and apartments gave rise to the use 

of fancy brick in order to present a suitable facade. A much 

greater demand arose, however, when tall buildings presented all 

sides to view, and face brick was developed to fit in with the 

architectural demands of modern skyscrapers. Figure 6 shows the 
steep rate of increase in the use of face brick since 1909, as 

it rose from 816 million to 2,~75 million brick in 1925. 

Hollow building tile was first developed as fireprOOfing mater
ial and for various uses which required special shapes. It was 

not until it began to be used in walls and partitions in place 

of commOn brick that rapid growth in demand began. It has sev
eral advantages over brick in wall construction. Since it is 

lighter, it can be used where brick would be too heavy in the 

hi~h steel-framed buildings; it can be built in faster than brick, 
and therefore the cost of construction is less; and because of 

its lighter weight, the cost of transportat ion is reduced. 6 Like 

3Nan'Ujac tures: 190, (U. S. De pt. Com. and Labor, 8U r. Census, 1908), part 
III, ·Special Reports on Selected Industries,· p. 895. 

4The Br1ck Manufacturers Association of America has developed re1nforced. 
brick masonry which 1s now acceptable under t.he Cal1fornia building code as 
earthQuake-res1stant material. 

SCf. Arthur F. Burns, P1"oduction trends in the United States Sif&Ce 1870 
(New York: National Bureau of Economic Research, 1934), pp. 155-6. 

6Attention should be called to the fact that c01t1lllon-brick manufacturers have 
deve loped a hollow br Ie It sui tab Ie f or use in "aIls where 11 gh tness Is essen t 1al. 
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face brick, hollow building tile has shown a steep upward trend 

since the beginning of the century, rising from 326,000 in 1899 
to ~,~25,000 tons in 1925. 

Vitrified brick has been used largely for paving streets. Its 

grOwth, like that of the structural clay products, followed the 

growth of cities until 1909. Concrete and cement rapidly dis

placed it, sO that the industry has been declining since that time. 

Drain tile, on the other hand, depends largely upon an agri

cultural demand for its Use in draining fields. Its demand seems 

to come largely from the central agricultural region drained by 

the Mississippi River and its tributaries. Hence agricultural 

conditions and, to some extent, the amount of rain during the 
year determine its demand. As long as the acreage under culti
vation was increasing, the demand for drain tile kept up, and 

year-tcryear f Inct nat ions were determined by weather conditions. 

Since the World War the drop in demand for drain tile reflects 

the decreasing demand for agricultural lands. 

The trend in the industry has reflected the combination of 

these five trends. Conunon brick has been the major product of 

the five, accounting for q.o to 80 percent of the value of the 
five products since 1890. 

Common brick, face brick, and hollow building tile have been 

combined in One series, designated as structural clay products 

(table A":111 and figure 81. In contrast to the common-brick 

series and to the series including all five products, both of 

which show a declining trend- after 1909, th is series shows a 

rising trend marked by a yearly average rate Of increase of 0.8 

percent between the terminal years 1909 and 1925. Some of the 

labor displaced by the falling off in the demand for common 

brick, paving brick, and drain tile has been reabsorbed in the 

increasing production of face brick and hollow building tile. 

In figure 8 are compared the fluctuatioas in production in the 

industry as a whole with the fluctuations in that part devoted to 

the production of structural products. The two mark out almost 

the same pattern, except for the difference in trend which has been 

pointed out previously. Structural clay products accounted for 

78 percent of the product ion of brick and tile in 1909 and for 

90 percent in 1925. This reflects the decreasing demand for 

drain tile and paving brick relative tothe structural products. 
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Flgur. 8.- IND2XE5 OF BRICK AND TIL2 PRODUCTION, 1894-1935 
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BUILDING CONSTRUCTION AND DEMAND PDR 
·STRUCTURAL CLAY PRODUCTS 

The outstanding teature observable in all at the series pre
sented is the recurrence ot marked cyclical swingsof long dura

tion and increasing amplitude. Yearly data permi t an accurate 
picture at only two of these. Figures 9 and 10 compare 7-year 
moving averages ot an index of building acti vi ty7 and the pro

duction of structural clay products. The marked similarit,V of 

the two curves lends support to the reasonable assumption that 

the major cyclical fluctuations in the output of these products 

are detemined by the demand for building. Since the cost at 
brick and tile is a relatively small part of the total cost of 
construction, it is unlikely that it plays any important role in 

detemining the major fluctuations in building activity.s In 

1929 i twas 5 percent at the total cost of all classes of building 

and 11.5 ?ercent of the cost of the construction materlals. 9 

7 A.dapted from a.n index c')natructed oy W1:i.l1am H. NeWl\lan and presented 1n 
liTtle .Buildlng Ind'.lstry a.nd B'.lslness CyCles.· !he J01<.rnal of Business at the 
University Of Chicago, '1iIl, No.3 ;JulY lQ35). Part 2. 63-71. 
81bid ., Dp. 20-4. 

9Ba,sed on data in the Ii fteenth Census of the United States: 1930. "Construc
tlon Industry' (U. S. f)eDt. Com., Bur. Cens:.ls, 1933). D. 29. Brlc}canc1tlle 
lncluae -bricK (race, common, fire, paving. etc.)'and !ltlle (rtreprooflni).1 
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When a comparison is made of the trend in building activity 

with that in the production of brick and tile, it is evident 
that other building materials must have been displacing clay 

products in 1909-as. An examination ot the short-time fluctua
tions in the production of brick and tile reveals a close cor

. respondence with the short-time fluct ua tions in building ac tivi ty. 
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T.~I. 15.- MAJOR CYCLES IN THE BRICI AND TILE INDUSTRY 
AND IN BUILDIN8 ACTIVITY, IB90-19SS' 

First cycle Second cycle Third cycle 

Item Brick Brick Brick 
and Bulld- and Bulld- and Bulld-

tile ing tile ing tile ing 

Peak year 1890 1893 1909 1909 1925 1925 
Trough year 1895 1898 1918 1918 1933 1933 

Length of cycle 
Years between 

peaks n. a. n.a. 19 16 16 16 
Years between 

troughs D.a. 21 23 20 15 15 

&CycleS 1n bulldlng activity adapted from William H. Ne"man, "The Bu1ldlng 
Industry and Business Cycles," the Jou-rnaL of Business of the University of 
Chicago, YIII, NO.3 (JUly 1~35). Part 2. 10. 
n.a. Data not available. 

The correlation between the deviations from the 7-year moving 

average in these two series for 18~-1932 gives a coefficient 
of 0.8'1>0.05. This further confims the assumption of the de

termining importance, evident both in long-time and short-time 
cyclical fluctuations, of building activity in the demand for 

brick and tile. 

CHANGES IN POPULATION AND DEMAND POR BRICI AND TILE 

Since population movements play an important part in building 

operations, such factors as growth, regional distribution, and 

concentration of population in urban centers must be taken into 
account in st udying the markets and location of the brick and 

tile industry. The period of most rapid growth in population 

(1880-19301 includes the period of rapid growth in production 

of common brick (1880-19091 and the period of rapid growth in 

the production of face brick and hollow building tile (1909-25). 

The areas of greatest absolute increase during the period 1890-1930 

were the Middle Atlantic and East North Central States, contain

ing in 1920 approximately ~o percent of the population of the 

Uni ted States. In the decade 1920-30 the increase in these 

States was approximately 80fa total of 17million for the United 
States. 'O It has been in these States also that the largest 

IOCr. Warren S. ThOmpson and P. K. Wbelpton, Population l.,..eMs (" the United 
States (New York: HcGraw-HIII Book Coo. Inc., lQ33). p. 18. 
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proportion of the brick and tile has been produced and consumed. 

Concurrent wi th the sharp advance in the rate of increase of 

total population after 1880 was a rapid growth of urban centers. 

In the so years from 1880 to 1930 the number of people living 

in towns and ci ties wi th a populat ion of 8.000 and over grew 

from 23 percent t049 percent of the total population. Expressed 

in absolute figures, population in such cities increased from 

11 million in 1880 to 60 million in 1930, an increase of Q.SO 

percent. In the decade 1920-30 the increase in these cities 

was lq million, while population in the remainder of the United 
States increased only 3 million." 

The concentration of population in urban centers creates a 

greater demand for brick and tile than when the population is 

more largely rural or is distributed in small cities or villages. 

An examination of the consumption of brick and tile by construc

tion companies in six of the largest cities (table 16) reveals, 
in the first place, the large proportion of the construction 
materials which is consumed in the cities relative to the total 
consumed in the respective States and, in the second place, the 
relatively larger use of tile and somewhat larger use of brick 
in these ci ties in proportion to other construction materials. 

T.~I. IS.- CONSUMPTION OF ALL CONSTRUCTION MATERIALS AND 
OF BRICK AND TILE BY CONSTRUCTION COMPANIES 

IN SELECTED CITIES, 1929 8 

Value of construction Percent of value 
materials consumed of total State 

(thousands of dollars) consumption of -
City 

All All con-can-
struction Brick Tile struction Brick Tile 
materlals b materials b 

New York 182.023 8.472 2.351 68.6 69.8 84.8 
Chicago 117.981 5.085 2.684 80.2 79.6 94.0 
Detroit 58,413 3.653 924 60.8 79.0 81.8 

Boston 34.548 1,630 208 52.2 55.9 59.1 
Los Angeles 53.407 1,462 221 43.6 58.6 49.8 
Cleveland 35.671 2.590 454 31.4 38.8 58.6 

a'ijteenth Census oj the United States: 1830. 'Construct1on Industry" (U. S. 
Dept. Com., Bur. Census, 1933). 

bIncludes onlY those materials tor "hlch the census reports d1str1bution 
by kind. 

l1 Ibid ., pp. HI, 20. 
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While these construction companies did not operate only in the 
cities in which they are located, it is nevertheless likely that 

they did most of their business in the metropolitan areas. 

One aspect of the growth of cities has been the increasing 

functional specialization of buildings and the creation of new 

types of buildings. With the growth of cities there has developed 

an increasin2" number of commercial and industrial buildings, 

of public institutional buildings, such as hospitals, schools, 

churches. and social and recreational centers, and in many cases 

the sUbstitution of apartment houses for private residential 

dwellings. The wealth of urban communities has made possible 

the construction of these buildings in a mOre substantial manner, 

the u1.ilization of new architectural forms, and an emphasis on 

beauty and impressiveness. Consequently, brick, stone, terra 

cotta. cnncrete, and other building materials have tended to 

displace the wood construction prevalent in small towns and rural 

communities. The necessity of protecting lives and property 

from the hazards of fire and collapse, highly important when 

people are concentrated in urban centers where large buildings 

predominate, has forced cities to, adopt building codes and fire 

ordinances. The general effect of these codes has been to de

crease t he use of lumber in bl] ilding construct ion and to increase 

the use of other materials which conform to the adopted standards 

of structural strength and fire resistance. 

Newman has painted out that the changes in city population 

Occur in cycles to which the major cycles in building activity 

correspond closely.12 Instead of growing steadily, cities tend 

to have periods when population is growing rapidly, followed 

bY' periods of less rapid change; these in turn are followed by 

periods of rapid growth. The cycles seem to be due to migrations 

of population which give rise to increases in certain areas or 

cities, offset by decreases in other areas. An example is the 

increase in urban populations which arises out of migration of 

rural popu lat ion to the cit ies Or mig rat ion from cit ies of dec lin

ing- industrial importance or of declining employment opportunities 

to centers offering greater opportun i ties (for instance, the 

automobile centers during the decade lQ20-30). Since buildings 

are immobile, these changes create a demand for new building 

which overshadows the demand which is necessary for replacement, 

a fact due to the relatively long life of structures. 

12Newman, op. cit •• pp. 32-9. 
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Michigan with its recent growth due to the automobile industry, 

California (especially Los Angeles) with its recent phenomenal 

growth connected with the moving-pict ure industry, and North 

Carolina with its recent industrialization have all become im
portant users of brick, but the growing metropolitan areas of 

Chicago and New York surpass all other localities in their de

mand for brick and tile. In fact, the absolute increases in 

population in these cities have been greater than the increases 

in any other cities because of their greater size, but in the 
decade 1920-30 the increase in Los Angeles was only slightly 

less than that in Chicago. Detroit was the only other city to 

increase its population by more than half a million. 

The fact that the rapid growth of individual cities or areas 

may be followed by a period of little change has important bear

ing on employment. lihen the demand for brick declines in some 

eastern States, for example, and grows rapidly in California, 

the absorption of labor in the West can in no way compensate 
for the displacement in the East except in the average employment 

as reported by the census. It is impossible to measure the 

amount of labor displacement which has occurred because of the 

shifting of the demand from One area to the other, but without 

doubt it has been substantial. The effects of these changing 

centers of demand are shown in an examination of the production 
trend in different areas. While the trend in common brick in 

most States has been downward since 1909, there are some geo

graphical divisions which have shown an upward trend. It is 

noticeable in California where the production of common brick 

increased from 276 million in 1909 to '129 million in 1925; North 

Carolina, where the increase was from 188 million in 1909 to 

250 million in 1927; Alabama, with an increase from 1~6 million 
in 1909 to 189 million in-- 19.25; and IllinOiS, where the increase 

was from 1,257 million to 1.'136 million from 1909 to 1925. These 

figures, of course, tell only part of the story because it is 

evident that while product ion of common brick was declining, the 

production of face brick and hollow building tile was increasing. 

and with the revolution in building, New York. Chicago, and 

Detroit were using increasing amounts of these materials. The 

fact that face brick and hollow building tile are shipped longer 

distances than common brick may have tended to lessen t he dis

placement due to these changes in markets. 
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PUBLIC CONSTRUCTION AS A SOURCE OF DEMAND 

Public construction creates considerable demand for brick. 

During the depression period some of the plants which were cov
ered in the NRP-NBER field survey were able to operate only 

because of the Government orders which they received. Public 

construction during 1925-29 averaged 2.3 billion dollars per 

year and accounted for 22 percent of the total construction 

activity in the United States. 13 Public construction declined 

during 1930-32 and then rose to ~.8 billion dollars in 1936 under 

the impetus given by appropriations designed to create jobs for 
the unemployed. In 1934 public construction rose above its 

average for the predepression period and reached large enough 

proportions to perform the function of partly filling in the gaps 

left by the falling off of private construction. During 19H-36 

approximately 62 percent of the construction activity, in terms 
of the value of the construction, was public, and only 38 percent 

was private. To a substantial extent, then, the demand for con

struction materials during this depression period was sustained 

by public appropriations. 

While there are no figures available on the consumption of 

brick and tile by State and local public-construction works, some 

data are available on Federal construction. In 1934 the Federal 

Government spent 5.5 million dollars and in 1935. 8.8 million 

for brick and tile, which was 25 percent and 26 percent respec

tively of the total value of the brick and tile produced in 

these two years." For each thollsand dollars spent on Federal 

construction in 1935. approximately $~.80 was spent for brick 

and tile. This compares with $17.QO spent for brick and tile 

for each thousand dollars of construction by private companies 

in 1929. 15 The large differ~nce is prob~bly due to the greater 

importance of road building in the public-works program. When 

compared on the basis of materials used rather than the total 

cost of construction, brick and tile comprised 3.0 percent of the 

cost of materials for all types of Federal. construction work 

13Based on estimates mac1e by Peter A.. Stone, C'onst-ruction Kxpenditwres and 
E.plo~ent. 1925-1936 (WPA Div1s1on ot Research, Statistics, and Records, 
Construction Statistics Section, mimeo., rev. June 1, 1937), p. 14. 
14Compu ted tram data suppll ed by the U. S. Depar tmen tot Labor, BUreau of 
Labor Statistics, Division of Public Construction and PUblic Employment. 
'Brick and tile' inclUdes common brick, tace brick, bollo" brick, terra cotta, 
hollow bullc11ng t1le, and rooting tile. 
15f itteenth Census Of the !1nited States: 1930, ·Construct1on Industry,' 
p. 124. This Clgure tor construction Includes the pUbl1c-construction work 
doone by the private companies reporting to the census. It thiswereomltted, 
tbe ratio would be blgher. 
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during the period June 1933-December 1936'" and 5.0 percent of 

the cost of materials in all types of construction jobs done by 
private companies in 1929. 17 

If the increase in Government construction is considered as a 
reabsorption factor in the use of materials and men in the con
struction and building-materials industries, then the).3 billion 

dollars increase in public construction between 1929 and 1935 

should be compared with the decline in the amount spent for pri

vate construction. If the assumption is made that the same per

centage was spent for brick and tile in State and local public 

works as in Federal construction in 1934-35, then this increase 
in expenditures would increase the consumption of brick and tile 

by about 6.3 million dollars, which would amount to approximately 

6 percent of the decline in consumption of brick and tile for 

private construction for 1929-35. This increase in production 
may have reabsorbed some 3,000 wage earners into the plants and 

possibly 5,000 persons into the industry as a whole. This as

sumes, of course, that the expenditures for public construction 

in no way affected the amounts that would have been spent tor 

private construction. Public building J in contra.5t to public

construction work in general (which has included such a large 

proportion of road building), has used a considerably larger 

amount of brick and tile for the same expenditure of funds than 

that used for construction work. Figures are not available, 

however, for comparing the amount of brick and tile used per 

thousand dollars of public-building construction with that used 

in private building. Grants in aid to private constructioD, 

especially those designed for slum clearance and construct ion of 

new apartment houses, would also bring about a greater reabsorp

t ion of labor in the brick and tile industry than does the usual 

type of Government construction. This discussion is not in any 

way intended to evaluate the public policies governing the past 

or future expenditures of public funds for construction but rather 

to point out the direct relationship between these expenditures 

and employment in the brick and tile industry. Nor has any 

attempt been made to evaluate the broader economic effects of 

these expenditures and their indirect effects upon production 

and employment in the industry. 

16nata were provlc1ed by the U. S. Department at Labor, Bureau Or Labor Sta
tistics. Divls10n ot Publlc ConstrUction and Public Employment. 
17Br1ck anc1 tHe comprised. 11.4 percent ot the cost ot materials tor all 
classes or buHcl1ng constructlon. These percentages are ba.sed on d.a.ta 1n 
fifteenth Census of the United States: 1930, -Construct1on Industry,' p. 124. 
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COST FACTORS DETERMINING BRICK AND TILl SUPPLY 
AND FLANT LOCATION 

During most of the nineteenth century brickmaking was primi tive 
in technique and -organization, and plants were erected in almost 
every community of any size. Where, however, the elements of 

superior clay, cheap fuel and transportation, and proximity to 
extensive markets existed in the same locali ty, the factory system 

sprang up. Today the smaller and less-mechanized plants are 

generally found in outlying region::; and produce for local trade. 
The tendency toward the concentration of the industry geographi

cally and in large plants was furthered by the introduction of 

brickmaking machinery and the growing demand for special clay 

products, suc.h as pressed brick, fancy front brick, and paving 

brick.IB Thus while there were 5,800 plants reported by the 

census for 1889, there were only 1,500 plants making brick and 
tile in 1925 (the most recent peak in the industryJ. The dis

covery of natural gas and the use of petroleum for fuel, the 
opening up of new coal fields near excellent clay deposits, and 
cheap transportation (especially ill the Middle WestJ led to the 

establishment of important brickmaking centers away from the 
urban centers where they had usually been 10cated. l • 

Raw Mat.rla" 

Though clay sui table for making brick and tile is found in all 

parts of the Uilited States, its quality is not everywhere the 
same. Common-brick manufacturers can use practically any common 
clay which is available, while face-brick manufacturers have to 
be more particular and sometimes combine several clays to obtain 
the desired shades which are essential in their products. Tile 
from fire clay is produced in western Pennsylvania and Ohio and 
is recognized as the best type of tile. The eastern tile which 
is made from shale and surface clay is considered a 'product of 
inferior quali ty and can be sold only at a lower price. Hence 
the tile from western Pennsylvania and Ohio is shipped into the 
eastern markets. 

Ohio is the foremost State in both Quantity and QuaE ty of 

workable shales. 20 Possessing a much greater Quantity of these 

18ylctor S. Clark, History oj Manufactures in the United States (New York: 
McGraw-Hill Book Co., Inc .• 192Q). II, 493-4. 
19Ibid ., II. 258. 

20Ellls LoveJo1. funda.entats and Kcona.ics in the ctay Industries (WllIIS
ville. N. Y.: Randall Pub. Co .• 1935), p. 56. 
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clays than it can use, it has sought distant markets for its 

clay products, expanding its production of face brick, hollow 

building tile, and paving brick, while its production of common 

brick has been declining. Its face brick sells in New York, 

Chicago, Detroit, and Philadelphia because of the special quali

ties of the clays from which it is made. 

Certain clays are more sui table than others tor machine pro

duction. These are the clays of the geological formation older 

than the surface clays which have been generally used in the 

eastern areas. Up to the time that these clays came into use 
in the seventies, the industry was almost entirely manual. The'y 

can be run through the stiff-mud brick machines at a much greater 

rate of speed since they are of a more uniform quality. Thus 

they are more suitable for the manufacture of hollow tile which 
is made by the stiff-mud process. In evidence presented at the 
NRA code hearings in 1933 it was said, IISome clays can be forced 

through a machine at the rate of 150 to 300 thousand (brick] 

a day, while others will Dot produce more than 70 thousand a day in 
the same type of machine, due to the difference in plasticity."21 

Clays differ also in the length of time they take for burning. 

Some clays, such as those in the Chicago area, contain a certain 

amount of carbon, which makes pass ible the burning of the brick in 
48 hours, while others may require 6 days or more for burning. 

These special qualities of different clays I as well as other 
special qualifications {such as color and hardness}, tend to 

concentrate the different sectors of the brick and tile industry 

in certain geographic regions because of the economic advantages 

associated with different kinds of raw materials. For the most 
part, plants producing hollow building tile and face brick from 

inferior grades of clay will be found only in close proximity 

to their markets. 

The average size of face-brick and paving-brick plants is con

siderably larger than that of common-brick and drain-tile plants. 

To some extent this is due to the fact that the cost of trans
portation limits the extent of the market and hence the size of 

the plants, except where the product, because of a greater scar

ci ty of raw materials (that is, of clay with special properties), 

has a competitive advantage in a larger market, and hence the 

plant is able to produce in larger quantities. 

21Letter trom R. P. Stoddard. Secretary-Kanager. Br1ck. Manufacturers Asso
clat10n of Amer1ca, to General Hugh 8. Johnson, May 29. 1933, 1ncorporated 
1n Code Reco~d, Vol. A. Part II. 
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Since drain-tile plants are not dependent upon clays of su
perior quali ty, they are usually small and are located in the 
agricultural regions of the upper Mississippi Valley where drain 
tile is essential to the farm operations. 

'.11 
Fuel is another factor in the location of brick plants. The 

burning process takes a large amount of fuel, and where coal 
is used, special grades of coal are required. The cost of the 
transportation of coal is often greater than the cost of the coal 

itself. In chapter II attention was called to this fact when it 

was found that the number of man-hours associated with the trans
portation of coal was even larger than tbat associated with the 
mining of coal. Coal used for burning brick in Philadelphia 

is brought from western Pennsylvania at a transportation cost 
exceeding the cost of the coal at the mine. Cheap fuel has 
been an important factor in the establishment of plants in Ohio, 
Indiana, and southern Illinois, and cheap coal is ODe of the 

reasons larOhic's present supremacy in brick and tile manufacture. 
The importance of coal as a cost item is seen in the fact that 

the cost of materials of which coal is the maio item has been 
about 30 percent of the value of the products from 1925 to 1935. 
In 1929 the clay-products industries, of which the brick and tile 
industry composed approximately 50 percent of the total, were 
the fourth largest industrial consumers of coal. -Coal, aswould 
be expected, is shipped long distances to plants in New England 

and New York and certain southeastern and western States. In 

Illinois, Indiana, and Ohio, coal deposits are near the beds of 
fire clay and shale at which the kilns are located, and in certain 
midwestern States coal and clay are sometimes extracted from 

the same strip mine. Removal of the coal overburden may supply 
the fuel for burning the clay which lies beneath. 

Some plants in Texas, Illinois, and the Hudson River Valley 
use oil and gas as fuel, thus saving labor costs because fewer 
employees are needed, while wood, requiring much labor, is still 
used in some small New England plants. 

Tr ••• ,er.atl.a 

The transportation costs explain the location of many plants 
near the markets despite other disadvantages. Face brick and 
hollow building tile can be transported greater distances than 
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common brick becaus~ of the higher price of face brick and the 

comparative lightness of the hollow tile. Paving brick must 

also be transported considerable distances because of the scar

city of raw materials of requisite quality. Transportation cost 

is, in large part, the limiting factor in the development of 

large-3cale brick a.nd tile plants. To the extent that large 

plants have been developed, reaching out beyond the market natu

rally limited by the cost of transportation, these plants have 

sought access to other markets by t he use of the basing-point 

system or absorpt ion of part of the freight in order to enter 

or keep in the outside market. This has been true especially 

it'} the marketing of paving brick, face brick, and hollow building 

tile, with the complaint in some instances of the dumping of 

these products in the larger markets in order to maintain a higher 

price in the local market. 

In 1929 the approximate average revenue per thousand brick 

carried on the railroads was $Q..55. 22 Freight rates on brick 

from seven shipping points in Ohio to the eastern cities of 

Boston, New York, Philadelphia, and Baltimore varied from $3.60 

to $5.50 per thousand brick in the spring of 1937, with a median 

rate of $~.55. During the twenties the cost of railroad trans

portation became serious, and ways were sought to lower or avoid 

this cost. Intensive advertising was resorted to as a means of 

selling the products in a market nearer home, but probably more 

to the point was the development of transportation by truck. 

Mechanical loading of trucks Was installed in many.plants; this 

saved in the cost of handling. The truck could be backed up to 

the kiln and loaded directly with no intermediate handling by 

wheelbarrow. By use of special dumping arrangements the truck 

could be quickly unloaded at the building where the brick was 

to be used. 

That the motor truck is assuming importance in the transporta

tion of brick today is shown in the following paragraph, quoted 

from an article in Brick and Clay Rtcord: 

Ten years •..• ago clay products were seldom hauled 
by motor truck more than 25 miles from the plant, and 
even of this short haul business much went to the 
railroads •.... 

But motor truck haulage has progressed much further 
than the short haul business. Practically all of the 

22Based on data 1n freight CO •• OdHy Stahstics (Interstate Ccmmerce Com
missIon. Bur. StatIstIcs. 1~30). Statement No. 30100. pp. 7-10. The data. 
used re rer to brick shl pmen ts orlg1nat1ng or tel'1l11na ting on Class I raIlroads. 
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everyday business that originates within 50 miles of 
the average (clay] plant is hauled by motor truck to
day; a very large proportion of the orders moving as 
far as 75 miles goes to the truck, and hauls up to a 
lCO-mile radius are not impractical. Practically all 
less-than-carload business up to 100 miles from the 
manufacturing center is hauled by motor truck. 23 

Brick and tile plants generally employ a few highlY skilled 

workers and a comparatively large number of common laborers. 

The percentage that labor cost is of the total cost is larger 

than for some of the competitive building materials, such as 

cement. It was ap'proximately q.o percent of the value of the 

products during 1925-29. 24 When wages relative to other prices 

rise throughout industry as a whole, this factor of labor cost 

tends to shift the advantage in regard to competitive materials 

against that product manufactured under conditions of high labor 

costs. The high level of wages relative to the price level which 

existed after 1920 may have been one of the factors militating 

against the consumption of brick in 1920-29. 

With the restriction of immigration after the World War and the 

attraction of labor into other industries, brick and tile plants 

were faced with the problem of securing an adequate supply of 

cheap common labor. rwo of the ways adopted to meet the prOblem 

were the recruiting of Negro labor from the South and the sub

stitution of machines for men.' After 1920 Negro laborers entered 

brickmaking establishments in the North in increasing numbers. 25 

While New York and New Jersey hired foreigners for the most part. 

some of the l.arge brickmaking plants brought Negroes from the 

South and housed them in company towns. In one of the larger 

plants where open-air drying of the brick persisted until 1929, 

the Negroes were on call at any time of the night or day to 

cover the bricks in caseo! rain. So successful were some a! the 

"industrial agents!! who were sent south to recruit Negro labor 

that some of the Southern States tried to restrict their ac

tivities which were forcing employers to raise wages. 26 Some 

23"MOtOr Truck can Ltgl'lten Burden of CISY Products Sl'Ilpplng Costs,' Bdell 
and Clay Record, 66, No.6 (June 1935), 199. 

24Based on Census of NGftufGctures data. 
25Lorenzo J. Oreene and Carter O. WOodson, the leg'ro Ifage IG'rne'r (Washington. 
D. C.: Tl'le Association rortheStud;vofNegro Lite and Hlst,ory, Inc., 1930), 
p. 2g3. 
26'La.bor Problems or Hudson Rtver,' 8dclfGM C'ay R8CO'rd.~ 67. No.3 (Aug. 4, 
lQZS), 160. 
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owners of plants located in small towns maintained their supply 
of labor intact during periods of nonoperation of their plants by 

providing the workers not only with houses but also with fuel 

and food. 

The only trade union reported in the industry is the United 

Brick and Clay Workers of America, affiliated with the American 
Federat ion of Labor. The union seems to have cant rolled the labor 

market for the common-brick plants in the Chicago area since 

around 1900. Agreements with the manufacturers in this market 

brought about an 8-hour day in these plants t when workers in other 

plants were working 9 and 10 hours) and obtained the highest hourly 

wage paid in any brick and tile factories in the United States. 

When one notes the range of average earnings paid in 1935 in 

the factories for which data were obtained 27 - from 2£1. to 87 cents 

an hour - the question arises as towhat differences in mechani

zation and in relative costs of producing brick accompany sllch 

marked differences in hourly wages. The relationship between 

labor costs and productivity will be left for consideration in 

the following chapter where more attention will be given to 

mechanization, the manufacturer's second solution to the problem 

of labor shortage. 

TRADE DRDANIZATIDN AND PRACTICES AS FACTORS 
IN THE MARKETS FOR BRICK AND TILE 

It was pointed out in chapter I that there are strong trade 

associations in four branches of the industry and a varying degree 

of control of parts of the industry by large companies. lihat 

effects the efforts at organization and the variolls trade prac

tices, such as trade marks, open-price publication, quoting of 

delivered prices, and the basing-point system, have had upon the 

consumption of brick and tile and the supply of the products 

is prOblematical. 

The outstanding example of market control has been in the 

Chicago market for commOn brick, which is of special interest 

in contrast with other markets for this product. As has been 

seen, it is a market with high concentration of control of both 

production and prices. One company has dominated the field. 

The plants are highly mechanized and the clay in this area has 

qualities especially advantageous for large-scale and high-speed 

Z1 NRP-NBER r 1e ld survey. 
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machine prOduction. In addition, the wage earners in the plants 

have been organized into a trade union which has controlled work

ing conditions. 

The question naturally arises as to what effect this combination 

of peculiar circumstances has had upon production and employment 

in the Chicago area. For a number of years prior to 1931 the 

Illinois Brick Company operated only about 10 of its ~2 or more 

brickyards which it had acquired from 1900 to 1931; furthermore, 

during the years 1922-30 its production was chronically under the 

quota assigned to it by the licensing agreements which controlled 

the market. This may only mean that employment shifted from the 

plants owned by the I llinois Brick Company to those of other 

plants in that area. What effect the pegging of the price by 

these agreements at $12 per thousand, which produced an average 
profit of $1.50 per thousand, may have had upon the consumption 

of brick in Chicago during this period is difficult to say, but 
it seems likely that it may have militated against the use of 

common brick and may have acted in favor of competing materials. 

In other local markets for common brick there is little evidence 

of monopolistic practices aside from some local "gentlemen's 

agreements U in regard to prices and trade practices. Although the 

Common Brick Manufacturers Association seems to have instituted 

open-price publishing before the NRA period, the widely scattered 

and decentralized nature of the common-brick industry, with its 

multiplicity of small plants, would make impossible any effective 

control over prices in this part of the industry.28 Local trade 

associations have engaged in the usual promotional act 1 vi ti es which 

have included interest in seeing to it that building codes rec

ognized the fire- and earthquake-resistant qualities of brick 

masonry. In this they have been aided by the national organiza

tion, which has also been active in developing typesot bricks and 

brick masonry which meet newer standards of building construct ion. 

The American Face Brick Association seems to have been very 

successful in stimulating the use of face brick during the period 

1920-29. Its open-price publication did not result in any control 

over prices so far as has been ascertained; 29 nevertheless the 

use of trade marks by some manufacturers has been made possible 

by the importance of color, texture, and other qual it ies in face 

28U. S. Congress. Senate. Federal Trade CommissIon. Open-P,..ice frade As.!oct
aHons, S. Doc. No. 226. 70th Cons .. 2d sess •• 19~. pp. 4,1. 267-8. 
29Ibid ., PI>. 394-5. 
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brick. Since certain types of clay are limited in amount and 

exist only in certain areas, face-brick manufacturers in localities 

possessing these clays may take advantage of this eondi tion of 

scarcity to monopolize the source; they may thus control the 

supply of especially desirable kinds of brick so that, even if 

there is no evidence of control of supply when this branch of 

the industry is considered as a whole, the high price quoted for 

certain types of face brick would indicate a certain degree of 
monopoly control in parts of this branch of the industry. 

It has been stated that the structural clay-tile branch of the 

industry and the trade association of the same name are dominated 

by a single company, the National Fireproofing Corporation, and 

there is little doubt that prices in this branch of the industry 

tend much more to be carefully administered and are less flexible 

and more controlled than in most other parts of the industry. 

The use of the basing-point systemof delivered prices is habitual 

in sales of tile, and such a system can scarcely exist without 

rather general uniformity among all producers as to their trade 
practices and their prices. 3D 

Although the National Paving Brick Associat ion is not listed 

by the Federal Trade Commission as an open-price association, 

there are quite a few indications that members of the trade work 

hand in hand through the association. The composition of the 

industry itself - it is made up of relatively few units concen
trated in a small area - favors concerted action. The extensive 

statistical work that has been carried on by the association for 

some years and the success of its efforts to standardize the 

products of the industry31 suggest a high degree of cooperation 

of the members of the industry with each other and with their 

trade organization. 

The practice of quoting delivered prices seems general through

out all parts of the brick and tile industry, as revealed by code 

hearings and the objections of the members of the industry to th.e 

Patman-Robinson Act. 32 This practice enables the manufacturers 

who have favorable production costs but who are at a distance 

3OIbia ., IlD. 197-6. Cr. Frank Albert Fetter. rhe Hasquerade of Nonopoly 
(New York: Harcourt, Brace and Co .• 1931), p. 242. 

31"Summary ot Apr1l 16. 1936, ReVIsion Conference,· Yitrifiea Paving Briele: 
Siaplijiea Practice Reco-aendation Rl-38 (U. R. Dept. Com., National Bur. 
Standards. 1936), DD. ~-10. ThIs survey was made In cooperation with the 
Permanent Committee on SlmDl1tlcat1on at VarIety and Standards tor Vltr1rled 
Paving BrIck or that deIJ8.rtment. 

32IAntl-BaSlng PoInt BIlls Henace to Industry,· Brick and Clay Record. 88. 
No.5 (Hay 1936), 183. See also Chapter I. DD. 20-1. 
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from the markets to absorb part of the freight and thus enter 

an otherwise closed market. During the twenties, large plants 

were built in Ohio and western Pennsylvania on the expectations 

of selling at least part of the product in the big markets of 

New York, Chicago, Detroit, and other cities. The importan_ce 

of the practice lies in the fact that both direct and indirect 

costs at production per thousand brick increase inversely to 

the percentage of capacity utilized. This exerts a pressure 

either to produce at a high capacity or to close down operations. 

Typical of the experience of other plants is that of a manufacturer 

who said in 1933 that he could manufacture brick at $9 .50 per 

thousand when running at full capacity and at $11 per thousand 

when operating at two-thirds of capacity.33 

The large amount of stocks customarily carried in the industry 

may also resul t from th is necessi ty for operating at full capacity. 

The stocks average from two to three times the monthly production 

in periods of normal production, and some plants may continue to 
sell brick after they have been closed for more than a year. 

When these factors are coupled with the Huctuations in the 

demand for brick, which tend to bring about a great expansion 

of the industry in such periods as 1923-27, when there was an 

abnormally great amount of building activity followed in a few 

years by a severe contraction in demand, it can be seen hoW" keen 

the competition may be for the market. In the falling market, 

the high direct costs of production tend to prevent the lowering 

of prices and to bring about the closing of many plants. The 

only plants which are able to operate at a prof 1 t are those which 

have captured enough of the market for capaci ty or near-capacity 

operation. 

PRICES AND PRDDUCTION 

A study of the behavior of the prices of the products in this 

industry may throw some light on the interaction of the forces 

of supply and demand as they work themselves out in changes in 

consumption, production, and employment. The factor of demand 

should be considered from two aspects: the demand for building 

materials which, as has been pointed out, is dependent upon factors 

outside the present discussion and the demand for a specific 

33Statement by W. W. Sltengel to Malcolm Huir. DePuty Ad.ministrator, NRA 
(lg33); Incorporated 1n Code Reco'f'ds, VOL B. Part I. 'StructuralCl&YPrOc1-
uc t8 Indus tn .. 
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building material which may vary because of changes in the prices 

and supply of materials competing wi th the one in question. The 

present inquiry into the realm of prices and production is largely 

an at tempt to investigate the second aspect of this problem. 

What does the behavior of prices and production tell us about 

the extent to which changes in production and employment in the 
brick and tile industry are associated with the competition of 

brick and tile with other building materials? 

The behavioraf prices is not only the result of the interaction 

of the forces of supply and demand, but the prices, once deter

mined, may in tUTn affect the amount of the products consumed, 
the supply offered upon the markets, and the amount produced. 

Unfortunately for the purposes of analysis, fluctuations in the 

general level of prices, that is, in the value of money, affect 
the prices of individual commodities. Therefore, in order to 

analyze the interaction of the forces of supply of and demand for 

an individual commodity. or the effect of prices upon these fac

tors, it is necessary to remove the factor of change in the value 

of money. For this purpose the price indexes of the individual 

commodities have been divided by the wholesale-price index of 
the Bureau of Labor Statistics. The inadequacies of this or any 

other method of correction for the general level of prices are 

fully recognized. 

Some of the questions to which answerS ar:e being sought in the 

following analysis are: Is there any evidence of inflexibility 

or rigidity in the prices of these conunodities, and, if 50, what 

effect does this have upon consumption and, therefore, upon pro

ductioD in the industry? What information do prices give us 

in regard to the elasticity of the demand and supply factors 

and, therefore, in regard to the fluctuations to be expected in 

employment? What information do prices give us in regar.d to the 

competition with other building materials? Is a highly competi

ti ve or sensi ti ve market more conducive to stab iIi ty of employment 

than a controlled market? 

Pricaa of Brick aDd Tlla aad All Butldtng M. ••• r .... 

Before the war the index of wholesale prices of building ma

terials fluctuated around the level of wholesale prices of all 

commodities (figure 11 and table A-lSi. From 1919 to 1922 the 

bUilding-materials index rose to a new level approximately 25 
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percent higher than before the war and maintained that level 

relative to the all-commodities index until the depression after 

1929. when it declined less than the latter. An examination of 

the price of common brick inNew York City and of the average unit 

value for the United States reveals a somewhat similar picture 

but with differences. The price of brick fell in relation to 

the general price level during the period 1890-1910, doubt

less reflecting the improvements in methods of manufacture. The 

rise in the value of common brick durtng the war period was 

greater than the rise in the index of all building materials, 

which would indicate a certain competitive disadvantage operating 

against the consumption of common brick. In 1926 the price of 

common brick was at a level of lOS percent above the 1913 price, 

while the price of lumber had risen only 85 percent, cement 68 

percent, and steel 30 percent. 34 After 1920 there is a constant 

complaint from the brick manufacturers as to their high cost of 

production relative to competing products, with emphasis on the 

high cost of labor and of transportation. It will be noticed 

that during the period 191q.-25 building activity increased 123 

percen t. whi Ie t he prod uc t ion of common br ick increased only 

6 percent. 36 During this period other building: materials were 

displacing common brick, as is shown in figures 9 and 10 by a 

comparison of the production curve of structural brick and tile, 

in which common brick is the principal product, with that of 

building activity. 

The price of common brick in New York City fell after 1923 

relativeto the general price level; in other words, it declined 

more than the average for wholesale prices. This was not true, 

however, of the average unit value of common brick forthe United 

States. Common-brick production in New York increased from 1q. 

percent of the Uni ted States total in 1925 to 26 percent in 1931. 

In 1929 New York Citywas using a much larger percentage of brick 

in proportion to other building materials than any other city in 

the United States. The cost of brick was 19.2 percent of the 

cost of all materials used by general contractors for building 

purposes, while in Detroit, the next city in rank, it was lq..'7 

percent and in Chicago, 13.4 percent. 36 It is possible that 

the relativelY greater decline in the price of brick in New York 

34fholesale Prices, 1913 to 1928 (U. S. Dept. La.bor, Bur. Labor Statistics, 
Bull. No. 4Q3, Aug. 192"), PP. 15, 174. 

35See tables 1..-13 and 1..-14. 

36'ijteenth Census of the United Strl.tes: 1930, ·Constructton Industry.· 
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City than in the average for the United States may havehaa some
thing to do with the greater use of brick in New York City, but 
differences in building codes should not be overlooked as a cause. 

The decline in the average unit value of common brick Icorrected 

for the price levell between 19~1 and 1929 and in the price of 
common brick in New York City from 1923 to 1935 is probably 
associated with the building of new, larger, and more mechan ized 
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plants and in the installations of more mechanical e'luipment. 

especially in plants serving the New York market. Attention 

should be called to the fact that a low point in average unit 

value for the United States was the year 1925 when production 

was at its highest post-war point. 

Camp.rilaR af Varlatlaol In Prici and Praductlo. 
af Ih_ Dilflunt Product. 

Comparison of the fluctuations in the production of each of the 

three products, common brick, face brick, and hollow building 

tile, with corresponding fluctuations in the average value per 
unit of product deflated by the index of wholesale prices reveals 

a tendency toward inverse relationship (figure 12and table A-16). 

After thewar each product attained its lowest average unit value 

relative to the general level of prices during the years of high 

production, 1923-29, and, with the exception of hollow building 
tile, its highest unit value during the period of low production, 
1932-35. It will be remembered that hollow building tile shows 

more evidence of controlled price than the other two products. 

Cost dataobtained from indi.vidual plant records showa tendency 

in the direction of increased cost when plants are operating at 
low capaci ty. In one large plant which was opera ting at capac i ty 

in 1925, the cost of producing and selling the brick was $13.5~ 

per thousand J whi Ie in 1935 when it was 23 percent be low capaci ty, 

the cost was $16.89 per thousand. This tendency of production 

cos ts to rise when preduc t io~ is below capaci ty prevents the fall 

in prices which might otherwise take place and tends to make the 

supply curves of individual producers decline abruptly at prices 

below cost of production at capacity. The supply curve of any 

given concern probably shifts according to the expectation of 

operation at capacity or below. 

Table 17 presents a comparison of the coefficients of variation 

in the prices I unit value at the plant) and product ion of the five 

brick and tile products. The outstanding common characteristic 
of these products during this period is the very high coefficient 

of variation in production, which is over SO percent for each 
product except hollow building tile, which is ~9 percent. This 

is not surprising from what we have seen of the behavior of demand 
for these products, which is relatively inelastic, dependent as 
it is upon demand for construction. This demand for construc
tion is probably little affected by changes in the cost of these 

products. 
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Tabl. 17.- COEFFICIENTS OF VARIATION IN AVERABE UNIT VALUE 
AND IN PRODUCTION OF BRICK AND TILE. 1920-55& 

Coefficients of variation in -

Product 

Common brick 
Face brick 
Vi trifled brick 
Hollow bullding tile 
Drain tile 

Average 
unit value 

17.4 
15.3 
7.9 

18.8 
12.7 

Production 

51.9 
57.2 
51.9 
49.0 
51.9 

ABased on Census of HanutGctu~es data on total yearly product1on ot each ot 
the products and average un1t value at the plant. The tormula used to obtain 
the coettlc1ents was the standard deviation ot the items 1n the series ex
pressed as a percentage ot their ar1thmetic mean. 

On the other hand, as evidenced by the coefficients the average 

value per unit is relatively stable. The price of vitrified 

brick, with a coefficient of 7.9 percent, is the most stable 
of all five, which might be expected when it is known that four 

large companies in Ohio and Illinois produced ~~ percent of the 

total paving brick in 193~. The fact that governments are the 

large consumers of paving brick may make it easier for this branch 
of the industry to maintain a more stable price than the other 
branches. The stability of prices of brick and tile products 

in the face of the severe fluctuations in production seems to 

indicate a condition of elastic supply or controlled price. As 

has been noted before, the high direct costs, which rise per 

unit of value as the capacity operated declines, curtail the 

supply offered upon the market and keep the price up in face of 

a declining demand, while when the increase in demand rises to 
a pain t permi t t ing near-capaci ty product ion, the supply increases 
more than proportionately and so tends to keep prices down to 

the near-capacity cost of production. The delivered-price and 

basing-point practices of the industry may tend to accentuate 

this tendency toward stability of prices in the face of declining 

demand and possibly also to accentuate the corresponding decline 

in production insofar as price stability brings about a displace

ment of brick and tile by competing materials. 

ComparllOB ,f HI. Yark, Chle.,a, aad CIBelaaal1 
Mark.11 far Comman Brick 

When the prices for common brick in the markets of New York, 

Chicago, and Cincinnati are examined (table A-17 and figure 131, 
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several contrasts appear. Chicago has the lowest price of any 

of the three markets throughout the period. In this connection 
it should be noted, however, that the Chicago price is for "run

of-the-kiln rl while the other prices are for I1 red" brick, which 

would bring about a differential between the prices but possibly 
not so large a ODe as exists. In the New York market the price 

changes are the most marked and have a relatively greater am

plitude than inthe others. Chicago maintained an almost stable 
price bet~een $8.70 and $9.00 from 1922 to 1931. In Cincinnati 

prices in this period fluctuated between $11 and $1~per thousand; 

in New York, between $10 and $;}.o. The price in Cincinnati is 

more stable than in New York but less so than in Chicago. 

Unfortunately, there are no figures for the consumption of 

brick in these three markets. In the absence of these it has 

been necessary to make a comparison between production and unit 

value, adjusted for general price level, in the States of New York 

and Illinois, in which, of course, Chicago and New York City 

are the principal consumers. With the exception of two years, 

production moves inversely to the average deflated unit value 

in Illinois, while in New York State the two move together six 

time3 from 1921 to 1930 and in opposite directions after that 

because of a greater fall in the wholesale~price index after 

1930 than in the price of common brick. From examination of. 

figure 14 it would seem that production· of brick in New York 

tends to respond to the demand as represented by the price of 

brick, increasing with demand and a higher price and slowing up 

as the price declines. Prices reflecting demand tend to perform 

the function of adjusting production to demand, but in Illinois the 

evidence seems to point to inflexible prices, making it necessary 

for all adjustment to take place in production, i. e., resulting 

in a greater amplitude of the fluctuations in the production 

curve. This assumption seems warranted when these facts are 

coupled ~ith what is known about the two markets; the Ne~ York 

market for brick is highlY competitive, brick entering that market 

from plants in New Jersey. the Hudson River Valley, Connecticut, 

and other States when conditions are favorable; in the Chicago 

market a group of manufacturers has been tied together by licens

ing agreements which have fixed prices and production. 

In the controlled Chicago market the rigidity of prices seems 

to result in greater fluctuations in consumption, and hence in 

production and employment, than in New York, as is shown in the 



CHANGES IN PRODUCTION 

.1 .... 14.- INDEXI. D. PRODUCTION AKD AYBRA81 UNIT VALUI 
Dr COMMON IRICK, ADJUSTED .OR WHOLESALE-PRICE LEVEL, 

IN NlII yon AKD ILLINOIS, 1921-34 

INDEX 
lao 

100 

1 

/ 
-<>..' 1 

~ 

( 1921-100) 

1 1 1 1 I , 
NEW YORK STATE 

/ ~' ~ / / 
I ... --., " ~,-~ I '\ 

~ AVER,A,GE UNIT VALUE 

"A.1RODUCTION 
, 
~, , " so • --~ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

o 
, 1 1 1 1 

1 ~r";" 
140 

I I , 1 1 I~ , 
ILLINOIS r ~ 

~ /.v'RAGE UNIT VALue 

- -,00 

" 
-, 

r' '" ." , 
(<fI'Iioi..PRODUCTION " " • 

so 

, , , 
\ , , , \ 

\ , 
\ 

" \ • • 
\, 

o 1 1 1 _1 [ "1-.. ---, ... 
1121 .123 1125 .1121 .- 1131 1133 

79 

eased on tlb I, A_18 WPA_ National Research Project 

"-31 

comparison of production for the two States and of price relatives 

forthetwo cities [table 18). It may be that part of the reason 

for the difference between the two markets lies in the difference 

between construction activity inthe two States. Lacko! readily 

available comparable data has prevented further investigation of 
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TI.I. 1B.- PRODUCTIDN AND PRICES IN THE NEW YORK CITY 
AND CHICAOO CDMMON-BRICK HARKETS, 1925-54" 

Percent of Common-brick price relatives 

United States 11926"100 ) 

Year 
common orick Prices in - Average unit 

produced in - value in -

New York Illinois New york 
Chlca~o New York Illinois 

State City State 

1925 13.6 19.0 69.3 96.7 91.6 96.7 
1926 n. a. n. a. 100.0 100.0 100.0 100.0 
1927 17.0 19.1 64.3 102.2 66.2 99.6 
1929 13.9 15.2 65.2 101. 7 74.1 97.6 
1931 26.0 6.2 60.9 99.5 62.2 95.1 
1934 14.2 6.6 62.6 n. a. 73.1 97.9 

aBased; on Census of Hanu!actu~es data and on rho~esaZe Pdees, bullet1ns or 
U. S. Dept. Labor, Bur. labor Stat1st1cs. 

n.R. Data not ava1lable. 

the reaSons underlying these differences between the two markets. 

Whatever the cause, the greater instability of 'production in 

the Illinois market stands out in contrast to the New-York market. 

The coefficients of variations in price for the three markets 

of Chicago, Cincinnati, and New York City for 1921-30 are 2.3, 

13.3, and 19.4 respectively. Table 19,presents the coefficients 

of variation in unit value and production for the States of 

New York, Ohio, and Illinois. New York has a coefficient of 

variation in average unit value of 19.8 percent, which is above 

the average for the United States, but a coefficient of variation 

in production of tp~.6 percent, which is considerably below the 

national average. Ohio, with a coefficient of variation in aver

age unit value of 13.4, somewhat below that of the United States, 

has a coefficient of variation in production approximately the 

same as the average for the United States. Illinois, on the 

other hand, withan extraordinarily low variation of average unit 

value of 7.0 percent, has the highest coefficient of variation 

of production, 61.j..9 percent. Thus in the three markets under 

consideration there seems to be a clear inverse relationship 

between price stability and production stability. lnotherwords, 

great stability in price is associated with severe fluctuations 

in production, and flexibility in price is associated with less 

severe fluctuations in production. This would seem to indicate 

that in the New York market the adjustments between supply and 
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demand take place through changes in prices, "hile in the Chicago 

market adjustments take place in production and therefore in 

employment. 

T.~I. 19.- COEFFICIENTS OP VARIATION IN AVERAGE UNIT VALUE 
AND IN PRODUCTION OF COMMON BRICK IN NEW YORK, 

State 

New York 
Ohio 
Illinois 

OHIO, AND ILLINUIS, 1921-34" 

Coefficients of variation in _ 

Average unit value 

19. B 
13.4 
7.0 

Production 

44.6 
50.7 
64.9 

aBased on annual Census oj Nanttfactuns data. The formula used to obtaIn the 
coeUlclents was the stanClard deviation of the items 1n the serIes expressed 
as a percentage or their arithmetic mean. 

As far as the behavior of prices can be interpreted in light 

of the known facts, the following conclusions may be warranted: 

(al Since the demand forthe products of the industry is relatively 

inelastic, marked fluctuations in production associated with 

fluctuations in building activity are to be expected; (b) there 

is, however, some elasticity of demand due to the competition 

with other building materials; hence to the extent that the style 

of architecture and custom are not counteracting factors, price 

differences may determine which of two or more competing materials 

will be used; Ie) therefore, where the industry, whether con

sciously or not, maintains relatively stable prices in the face 

of a falling demand for building materials. there is a tendenc~1 

toward the shifting of a portion of the remaining market to 

competing materials. 

SUMMARY 

Since the demand for brick and tile is determined largely by 

construction activity. the industry suffers great fluctuations 

in employment. Production has been characterized by major cycles 

of 17 to 20 year5 in length, corresponding with cycles in building 

activity. Likewise, the minor fluctuations in the industry have 

a high degree of correlation with those in building activity. 

Production in the brick and tile industry has shown no notice

able trend either upward or downward since 1909, while building 
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activity has exhibited a marked upward trend. This seems to. be 

due to displacement of some of the brick and tile products by 

other materials. Building tile and face brick, however, increased 

at even more rapid rates than building activity during the period 

1909-25. while common brick and paving brick have suffered from 
displacement by other materials. 

Concentration of people in cities and migrations of population 

from the rural districts to cities have an important bearing on 
the demand for structural clay products. Theresult has been that 

the Middle Atlantic and East North Central States have become the 

largest consumers as well as the largest producers of brick and 
tile. These migrations tend to bring about fluctuations in the 
demand for the products in various sections of tbe country. 

While the markets for common brick and drain tile are local 

and hence tend to be affected by changes in local supply and 

demand, markets for the other three products are broader so that 

Ohio and W"estern Pennsylvania serve all the principal markets in 

the industrial sections of the East and Middle West. With the 

reaching out for markets, some of the problems of mass production 

have arisen in these markets, and the usual solutions, such as 

absorption of freights, the basing-point system, and high-powered 

advertising, have been tried. 

Large-scale production has occurred in common-brick plants 

located inproximityto large metropolitan centers, but the average 

size of plants is small. Especially favorable conditions in 

regard to type of clay sui table for machine product ion and short 

burning time and cheap fuel close to the large Chicago market made 

possible substantial limitations upon competition in that market 

because it was protected against competition by its relatively 

low production costs coupled with the high cost of transportation 

for its competitors. There is little information in regard to 

similar condi tions elsewhere, although informal agreements as to 

price and practices are known to exist in at least one other 

large city. This was made possible by the existence of a small 

number of producers who, possessing clay of superior quality in 

proximi ty to the market. were probably also protected from the 

compet it ion of other producers by lower transportation costs. 

The use of the basing-point system by producers of hollow build

ing tile and the domination of the industry by one large concern 

seem to indicate some degree of monopoly control in that branch 
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of the industry. Paving brick is more highly concentrated in a 

comparatively few plants than any other branch of the industry, 

and the trade association in that branch has brought about a 

great deal of uniformity with respect to such factors as price 

and size of brick. 

Face brick has probably accomplished much through intensive 

advertising, which is credited with increasing its sales in the 

period 1920-27. Unlike common brick wh!ch may be sold as IIrun

of-the-kiln tl or in a few standardized classifications, face brick 

is sold for specific qualities of color and appearance which may 

be the result of clays of limited supply. While face brick as 

such may show little evidenceo! monopoly control, certain types 

of fa,s::e brick may be exclusively controlled ei ther by trade marks 

or by controlling the supply of the clays. 

The prices reflect to some extent these factors of control. 

Before the war the value of common brick tended to fall relative 

to the general price level, reflecting probably a lower cost of 

production due to improved methods and greater use of p .. ·oduction 

facilities, but after the war th-e price of brick assumed a new 

level with respect to the general price level which was consid

erably above that before the war. This may have been because 

labor and transportation costs comprised such a relatively large 

proportion of the price to the consumer. 

IntheNew York market where competition was active, the price 

of common brick was not only sensitive to changes in demand but 

also fell relative to the general price level after 1923. Also, 

in the New York market the production of brick and tile did not 

decline to the low point reached in the remainder of the industry. 

In the controlled Chicago market where prices were stable, pro

duction fell off to a much larger extent. It is impossible to 

say what other factors affected the demand for brick in New York 

since it seems unlikely that the price of brick could be of major 

importance as a factor determining demand. It is more likelY that 

building construction held up better in New York than elsewhere 

and hence that the consumption of brick, which assumes a higher 

pro.portion of the cost of building materials than in any other 

city, held up also. But it is likely, too, that the relativelY 

lo~er price of brick in Ne~ York City may have had something to 

do with its greater use in that city. 

The supply of labor since the war has, without doubt, created 

a problem that may have exerted a pressure toward technological 
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change. Much use was made of unskilled immigrant labor before 

the war, and when this source of supply dried up because of the 

war and later because of laws restricting immigration, Negroes 

were in many ins,tances brought from the South to supply this lack. 

The scarcity of unskilled labor evidently raised the cost of 

labor and made advantageous the introduction of more labor-saving 

machinery. In the Chicago area where the hourly wages are the 

highest in the industry, the workers are strongly organized and 

control the hours and working conditions in the industry. The 

common-brick plants here are the most highly mechanized. 

The high direct costs for labor and fuel in the brick and tile 

plants seem to be the limiting factors in the supply of the prod

ucts and place a limit upon any decline in price. A fall in 

price tends to result in plants shutting down production. Under 

competition the industry exhibits great elasticity of supply but 

relatively inelastic demand, with the result that fluctuations 

have tended to take place in the supply produced, and these have 

resulted in large fluctuations in employment in the industry. 

The practice of the industry-to keep on hand large stocks of brick 

and tile equal to several months' shipments probably accentuates 

these fluctuations. 

While the major cycles of production in structural clay products 

may be determined by the cycles in building activity, the relative 

ampli tude of these cycles may be a function of the costs of pro

duction of brick and tile relative to other building materials. 

During the period of great activity in building after the war, it 

is likely that not only changes in architectural styles but also 

the high cost of brick relative to competing materials brought 

about the displacement of common brick by other building materials. 

The rapid rise in production costs as utilized capacity declines 

tends to prevent any great fall in price with a fall in demand. 

Hence any stimulation to consumption which might come with the 

lowered cost is prevented from bringing about any great degree 

of recovery in the industry. 

Prices in the industry are more stable than production, re

flecting the relative inelasticity of demand and elasticity of 

supply which operate drastically when prices fall below the cost 

of production. The effect of a controlled price in this situation 

is to accentuate the fluctuations in production which come about 

with the falling off in demand. 
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Any adequate solution of the problem of instability of employment 

in the industry is bound up with the problem of stabilization Of 

construction activity, although minor adjustments may be brought 

about by improving the competitive advantage of structural cla~ 
products over other construction materials. One of the means 

ddvocated for this purpose has been the reduction of the Cost ot 
labor, which will be considered in chapter IV in the discussion ot 
the relation of changes in productivityto changes in employment, 



CHAPTER IV 

CHANGING UNIT LABOR REQUIREMENTS AS A FACTOR 
AFFECTING THE VOLUME OF EMPLOYMENT 

rlCHHOLOIICAL CHAMBI1 1 

In considering mechanizat ion as a factor influencing the em
ployment of labor inthe industry, it is desirable todistinguish 

between the types of technological change, There may first be 

considered the fundamental changes in production technique in 

which the major steps in the production process were converted to 

a mechanical basis, thus directly increasing the productivity of 

labor. Second, there may be noted the refinement and improvement 

of existing equipment and the addition of auxiliary equipment to 

the principal production uni t8, bringing about improvement in the 

quality o!production and savings ineast of materials, while for 
the most part only indirectly increasing the product ivity of labor. 

An examination of the technological history of the brick in

dustry indicates that mechanization of the fundamental production 

processes was virtually complete by 1920. Thechanges since that 

date have consisted of an extension in the use of the machines 

developed for the mechanical performance of the principal pro

ductive operations, their refinement and improvement, and the 

addition of auxiliary equipment to these machines. 

T~e leYe.tles sad Elahtles 

Before 1870 there was comparatively little mechanization in 

the brick plants. The brick machines for both the soft-mud and 

the stiff-mud processes had been successfully developed in the 

previous decade; crushers, grinders, and pugmills for preparing 

and tempering the clay, the mechanical conveyance of the clay 

in t he mac h ine house, and t he use of steam for power had all 

been introduced; artificial drying and the continuous kiln were 

lBased ona report in preparation byAltred J. Van Tassel and David W. Bluestone 
on Mechanization in the BrIck Industry. This is one of a sertes of studies 
conducted by the 'Studies In Equipment Changes and Industrlal Techn1Ques' 
section of the WPA National Research Project deSigned tocover mechanization 
trends in the inclustr1es In which field surveys were made by the 'Studies or 
Productlvttyand Employment 1nSelected IndustrieS'section. Source ma.terials 
include data obtained in an NRP tleld survey of machinery and equipment 
manufacturers, data on mechanization obtained in the NRP-NBER field surveys 
or selected industries, and data trom various secondary sources. 

86 
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known. However, since most of the plants still used the hand 

processes of manufacture and a simple type of kiln, little dis

placement of labor by mac hines had occurred. These Changes, 

nevertheless, set the stage for the development of a mechanized 
brick industry during the two following decades. The large, 

centralized plant and specialization of products appeared. Pro

duction was increased 50 percent in the seventies and was more 
than doubled in the eighties. 

However, the adoption of the new and more productive machines 
and methods was inhibited by the abundance of cheap, unskilled 

labor. Therefore a large number of plants still adhered to older 

methods employing hand labor. The labor-saving equipment which 

had been developed was not widely used. Brick set t ing , t he process 

requiring the most time and skilled labor, was still done by hand. 

The other heavy labor operat ions, espec ially quarrying, were not 

yet mechanized. Steam power was introduced but was not generally 

used. The brickworks was still largely a yard rather than a 

plant, and the number of men employed in yard ope rat ions was 

just as large as before mechanization had taken place. But the 

mechanization of the clay-preparation and brick-molding operations 

was the important factor in the 4o-percent increase in productivity 
which took place during the eighties. 

1900 '0 IUD 

The depression which extended through the decade of the nineties 

was followed in the 1900'S by another period of rapid technologi

cal change, resulting in a great increase in productive capacity. 
During this decade the llse of mechanical equipment became more 

general, and steamor electric power almost completely supplanted 

more primitive forms. Clay-pit operations that had formerly 

been performed by means of picks, shovels, and wheelbarrows began 

to be mechanized with the introduction of drills and blasting 

material, horse-drawn cars on rails, and steam shovels. In an 
increasing number of instances cable and locomotive haulage re
placed animal power in the transportation of the clay from the 

pit to the machine house. Open-air drying began to give way 

rapidly toartificial drying in heated driers. Brick were hacked 

from the molding machine to cars which were pushed on rails to 

the drier and from the drier to the kiln, thus eliminating a 

separate handling of the brick in the drying process. More at

tention began to be paid to proper kiln design in an attempt to 
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reduce fuel costs, and the continuous-burning method was employed 

in some of the larger plants. In this process kilns were fired 

in succession and were connected by flues in such a way as to 
preheat the freshly set brick by means of the heat from the 

cooling brick. 

Between 1900 and 1910 electric power began to replace st.eam 
power, with results scarcely less significant than those as

sociated with the introduction of stea.m during the nineteenth 
century. Besides reducing the labor associated with power gen

eration, the use of electric power facilitated the introduction 
of self-propelled transfer cars for the transportation of drier 

cars from the machine house. This was followed in 1911 by the 

introduction of a brick-setting machine which in one operation 
picked up an entire load of about 1,000 bricks and set them 

in place. 

The widespread introduction of this equipment in the plants of 

the Chicago area in 1911 resulted in a revolutionary reduction 
in the labor associated with the setting and unlOading of kilns. 

In three plants covered in the NRP-NBER field survey, each in

stalling two cranes, the labor reductions averaged 58 percent. 
In one case the number of men required per shift was reduced 

from ~8 to 22, in another from ~8 to 20, and in a third from 36 
to 14. Conveyors which carried pallets of green brick from the 

soit-mud machine to the drier had a similar though much less pro

nounced effect on the labor requirements in soft-mud plants. 

By 1920 the most advanced plants of the brick industry operated 

on a highly mechanized basis. Nevertheless, in the smaller plants 
there was still an extensive use of hand labor. Mechanization 

was retarded by the abundance of cheap labor up to the period of 

the war and by a decreased demand for brick as a result of the 

competition of cement and lumber. Any mechanization that took 
place in smaller plants was the initial mechanizat ion of the 

actual brickmaking machine; mechanization in the larger plants 
took place in the clay pit, in interprocess handling, and in 
the burning, drying, and power departments, i. e., in processes 
that demanded speeding up to keep pace with already mechanized 

processes. During the decade 1899-1909 this increasing mech

anization was reflected in a great increase in production with 
only a slight increase in man-hours, productivity increasing 

approximately 29 percent. This is the first important displacement 

of labor associated with technological changes. From 1909 to 
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1919 the depressed condition of the industry prevented the po
tentiallaborsavings associated with the introduction of handling 

equipment and other machinery from having their full effect; 

consequently, there was little change in productivity in the 

industry as a whole. 

The years since 1920 have been characterized principally by 

an extension to the more backward plants of the techniques and 

equipment which had been employed in advanced plants prior to 1920. 

Also notable has been the continual process of improvement and 

refinement and the addition of relatively inexpensive auxiliary 

equipment to the principal production units. 

The increasing demand for machinery during the period 1920-26 

is shown in table 20, which gives the value of the sales of brick 

and tile machinery by eight manufacturers of this equipment. 

Sales rose from 1920 to a peak in 1923 and then held a fairly 

high level until 1926. After a decline in the next year, sales 

recovered somewhat until 1929 and dropped rapidly thereafter. 

Machinery sales in 1932 amounted to less than 9 percent of the 

sales in 1923. The recovery from 1932 to 1936 was sufficient 

to increase the volume of sales to over three times the 1932 

Year 

1920 
1921 
1922 
1923 

1924 
1925 
1926 
1927 
1928 

T.~I. 20.- SALEI OF MACHIKERY TO THB BRICK 
AHD TILE INDUSTRY, 1120-38 

sales Sales 

Thousands Index Year Thousands Index 
of dollars& (1920'100) of dOllars&' (1920°100) 

. 
1.389 100 1929 1.651 119 

. 
1.197 86 1930 903 65 
1.771 128 1931 561 40 
2,208 159 1932 193 14 

1.776 128 1933 229 16 

1.942 140 1934 824 23 
2.040 147 1935 420 30 
1,462 105 1936 627 45 
1.569 113 

aBased on a survey of eight Identical plants manufacturing brick and tile 
machinery. representIng 30 to 40 percent of value or output or all clay
worlting machlnery (InclUding pottery and other clay prOductS). The survey 
was conducted by the "studies In Equipment Changes and Industrial Technlques R 

sect10n of the WPA National Research proJect. 
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level, but sales were still only 28 percent of the 1923 level. 

It is evident that the greatest advances in mechanization in 
the years covered by these data were made during the years of 

increasing production up to 1925 and in the years of sustained 
production at a high level from 1925 to 1929' 

That a large part of the sales prior to 1925 was associated with 

the rehabilitation of old plants is revealed by a separation of 

the sales of machinery into new machinery and repairs (table 21). 

During the period for which data are available - 1922-36 - repairs 

are an important part of the total sales, ranging from 60percent 

in the first 3 years to 40 percent in the last 3 and amounting 

to nearly half of the total sales in the period 1924-30. The 

large absolute amount of such sales in the years 1922-26 indicates 
the return to full operation of many plants Which had been idle 

during the previous years of inactivity in the industry. 

T.~I. 21.- SALII Dr NIW MACHINBRY AHD REPAIRS TO THE IRICK 
AHD TILl INDUSTRY, 1122-1'-

3-year ratio 

year Total New Repairs of new 
machinery machinery 

to tota 1 

1922 767 2~3 ~14 } 1923 9~9 404 5~5 0.419 
1924 858 428 433 

1925 941 485 456 

f 
1926 985 543 442 .532 
1927 807 428 381 

t928 787 394 372 

} 1929 846 458 388 .514 
1930 460 213 247 

1931 348 195 151 

} 1932 102 49 53 .583 
1933 137 85 ~1 

1934 226 148 81 

} 1935 293 182 110 .818 
1936 475 288 189 

aBased on a survey of three identical plants manufacturIng br1ck and tUe 
machinery. The survey was conducted by the -Stud1es 1n Equipment Changes 
and Industrial Techniques. section o! the WPA National Research ProJect. 
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The substantial amounts of new machinery sold during the earlier 

years reflect both the demand for increased capacity and the 

need for reduction of labor costs. The autobrick machine in

stalled in many of the larger soft-mud plants accomplished both 

of these ends. It performed mechanically the work of sanding 

the mold, striking off the excess clay, and bumping the mold to 

loosen the formed clay, so that the labor associated with its 

operation was about 50 percent of that required by the non

automatic equipment and output was roughly doubled. The sale 

of 130 of these automatic machines between 1921 and 1936 greatly 
lessened the labor cost in a large number of plants. Ninety 

percent of these machines were installed in 1921-28. 

In the larger plants also a great saving of labor occurred 

with the mechanization of the handling operations involved in 

the transfer of the brick throughout the plant. Instances of 

the replacement of hand-operated cutters by automatic cutters 

and the installation of automatic devices for conveying the green 

brick from the brick machine through the drier to the kiln were 

often noted in the field reports of the NRP-NBER survey. 

By the use of automatic setting and loading machines a tre

mendous saving in the labor occurred. In one plant, 1 skilled 

operator and 12 men using automatic equipment did the work of 

30 skilled setters. Improved mechanical methods of drawing, 

loading, and conveying the finished product from kiln to storage 

to shipping point bybelt conveyors, cranes, and electric trucks -

instead of the wheelbarrows commonly used in 1920 - slashed another 

of the greatest labor-cost items. The electric belt conveyors 

carrying brick from kiln to railroad cars cut in half the labor 

cost for that operation. The new methods of sorting, storage, 

and handling saved one-third on hand labor where they were in

stalled. Many plants in the Chicago area had mechanized most 

of these handling processes by 1911; other plants in this vicinity 

and inthe Hudson River district, not until the twenties. In the 

Hudson River district, the largest soft-mud brick-manufacturing 

center, a highly mechanized process dispensed with almost all 

manual labor in one of the largest plants. The introduction of 

the unit container, of cranes, of forks with electrically operated 

fingers, and of t rucks with detachable bodies meant that 3.000 

brick could be loaded by hand I the only manual handling necessary I 

in a unit container in the kiln, swung by crane to freight car, 

barge, or truck, and the whole deposited at the job, still in 
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the same unit container. This cut the labor cost from $6.25 

per 1,000 brick for hand loading to $2.50 for mechanical loading, 

and the labor force from 350 men in 190} to 1,,-0 men in 1923. 2 

In another Hudson River plant there was a decline from 1'1. 6 man

hours per 1,000 brick in 1919 to 6.0 in 1930, but 1919 was a 

low-capacity year. A fairer picture is the change from 10.3 

man-hours per 1,000 brick in 1920, operating at 2t1--percent ca

pacity, to 6.0 in 1930, operating at 28-percent capacity. This 
marked increase in productiv i ty followed extensive mechanization 

in 1919 and succeeding years, including installation of autobrick 
machines, automatic conveying and storing devices, tunnel driers I 

and scove kilns with automatic setting and loading equipment. 

Likewise of great importance in reducing labor costs was the 

extension of mechanical methods in the quarry. A survey of corrunOD

brick plants in 19223 showed tha.t 27 percent of the plants 

operated without the use of mechanical excavating equipment. 

The large sales of excavating equipment to the brick and tile 

industry during the 1920'S Itable 221 appear to have reflected 

the extension of mechanical methods to the bulk of the remaining 

unmechanized plants, for subsequent surveys in 1927 and 19364 

indicated that only a very small percentage of the plants operated 

without the aid of mechanical equipment in those years. The 

significance of this extension in mechanical methods is indicated 

by the fact that plants covered in the 1936 survey reported labor 

reductions of from ~o to 90 percent as a result of this change. 

One of the striking improvements in excavating machinery has 

been the introduction of internal-combustion and electric motors 

f or power s hove Is . Th is s h if tin power has been prod uc t i ve of 

economies in labor costs througb the elimination of the work 

associated with the firing of the steam-power shovels. The ex

tent of this shift is indicated by the fact that 93 percent of 

the shovels used in common-brick plants surveyed in 19226 used 

steam power, while only 59 percent 6 of those employed in plants 

surveyed in 1927 and ~8 percent of those employed in plants 

surveyed in 1936 were so powered. The introduction of the crawler 

2'A Revelat10n on the HUdson R1ver." BricAl and C~Q' Rec01"d. eg. NO.4 (Aug. 21, 
1923). 2ea. 
3wll1iam F. Kirk, Pf'"odvcUvUy Costs in Cos.on-Bric" Industr, (U. S. Dept. 
Labor, Bur. Labor Statistics, Bull. NO. 366, Oct. 1924). pp. 61-2. 

4· Clay PH and tUne Me t.hods , " Bri.c .. and 014, Rec01"d., 70, No. 13 (June 21. 
1927), 1002-25: and NRP-NBER f1eld survey. 1936. 
6 K1rk• op. cit., p. 61. 

6·Clay Pit and Hlne Methods.' p. 1011. 
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T •• I. 22.- SALES Dr BXCAVATINI BQUIPMENT TO THB IRICK AND 
TILE INDUSTRY, I92D-31f 

Power shove ls and Power shovels and 
locomotive cranes locomotive cranes 

Year Number Value Year Number Value 

of units ( thousands of units ( thousands 
of dollars) of dollars 1 

1920 45 650 1929 18 308 
1921 11 146 1930 5 63 
1922 28 409 1931 5 62 
1923 39 577 1932 0 0 

1924 37 568 1933 1 19 
1925 28 532 1934 1 13 
1926 28 413 1935 2 32 
1927 22 329 1936 2 47 
1928 14 232 

aBased. on a survey of three Ident1cal pUnts manufacturing excavat1ng equip
ment. The survey W8S conducted by the ·Stud.les In Equ1PMent Changes anet 
Ind.ustrlal Techn1ques' section or the WPA National Research ProJect. 

treads on power shovels in place of railway or tract ion wheels has 

eliminated the service of men formerly required for the laying 
of rails or rna tS. 

One of the most important phases of technical advance was the 
increa3e in the use of electric pOW'er. 7 Electric motors accounted 

for less than one-third of the total installed horsepower of the 

industry in 1919, but by 1929 they provided two-thirds of the 

total horsepower. Replacement of steam engines by electric motors 

effected a sharp reduction in labor costs associated with the 

maintenance of the clumsy and complicated mechanical transmission 
system required for steam power. Plant-labor productivity also 

was increased indirectly since the elimination of mechanical 

transmission permitted greater flexibility in plant lay-out. 

Substitution of electric power for steam either reduced or 

eliminated the personnel associated with power generation by the 

centralization of pc::Mer generated at the plant or the elimination 

of plant power generation through the purchase of electricity. 

A tendency to purchase electricity was evident throughout the 

period. The horsepower of electric motors driven by purchased 

energy increased from 79 percent of the total horsepower of all 

electric motors in 1919 to 93 percent in 1929. 

7Haterlal on type ot Dower Is based. on data trom the CensUS' of Ma.nufactures. 
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During the period prior to the 1925 production peak in the 

industry the emphasis was upon the expansion of production to 

meet increasing demand and at the same time to reduce labor cost; 

in the later years emphasis was on the reduction of all costs and 

the improvement of quality to meet the pressure of increased 

competition in the face of falling demand and declining prices. 

Both types of change are usually accompanied by increased labor 

productivity. The introduction of de-airing equipment in the 

stiff-mud process in 1932was the outstanding improvement during 
this period. De-airing eguipment attached to the auger removed 

occluded gases from the clay, reSUlting in the production ot a 

stronger, denser brick which was less likely to suffer breakage 

or lamination; consequently, the number of marketable brick per 
1.000 burned was generally increased in plants employing de-airing 

equipment. Indirectly, therefore, the introduction of de-airing 
equipment frequently brought an increase in labor productivity as 

well asan improvement in the quality of the product. Recognition 

of t he advantages of de-airing is indicated by the almost geometric 

rapidity with which the sales of this equipment increased after 

its introduction in 1932. Sales of such equipment to stiff-mud 

plants by two companies manufacturing machine-house equipment 

amounted to $18,000 in 1932, $~8,ooo in 1933, $~1,000 in 193~, 

$1~1, 000 in 1935, and $15~, 000 in 1936. 8 De-airing equipment 

accounted for 80 to 90 percent of the sales of all machine-house 

equipment in the years 1933-36. 

In the drying and burning departments much attention has been 

given to the problems of improving the quality of the brick by 

more precise methods of temperature and humidity ~ontrol and of 

more efficient use of fuel. These changes have increased the 

productivity of labor in many cases by decreasing the waste due 

to improper burning and therefore increasing the proportion of 

first-class products, orby reducing the time required forbllrning. 

In the drying department there was a significant reduction in 

drying time through the more widespread use of artificial drying; 

20 percent of the common-brick plants surveyed in 19229 em

ployed open-air drying, while all of the plants included in the 

1936 survey employed artificial drying. Similarly, there was 

aBased on a survey conducted by the RStudles in EQuipment Changes and In
dustrial TechnIques- section or the WPA National Research proJect. 
9Kirk• op. cit., p. 55. 
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an extension in the use of tunnel kilns, the number increasing 
from 3 in 1915 to 23 in 1926 burning heavy clay products. 'O 

The drying and burning departments have been the center of 

the most widespread introduction of auxiliary equipment involving 

relatively small capital investments. Induced-draft fans,which 
speed up the drying process, were installed in a large number 

of plants during the 1920'S; bY1936, 65 percent of the stiff-mud 

plants covered in the survey were e~uipped with such fans. The 

use of these fans has also been associated with the development 

of waste-heat drying in which the heat from the cooling brick in 

the kilns replaces heat obtained from the-combustion of additional 

fuel. The increased use of waste-heat drying during the 1920'S 

is indicated by the fact that only 15 of the 39 stiff-mud common

brick plants surveyed in 1922" employed waste heat, while 17 

of the 22 stiff-mud plants reporting on the type of heat employed 

in 1936 indicated the use of waste-heat drying. 

Forced-draft fans have also played an important part in in

creasing the fuel efficiency Of the burning department and have 

both reduced burning time and increased daily output of kilns. 

Portable blowers, forcing a current of cold air over the cooling 

bricks, have cut cooling time by 1 to 2 days in a number of 
instances. 12 

Instruments for measuring and recording temperature and humidity 

have been used in the drying department of a few plants and in 

the burning department of a considerable number. Pyrometers, 

which aid the operator in the control of kiln temperature, were 

employed in one-third of the plants surveyed in 1936. 

The use of pulverized coal and of the mechanical stoker, as 

well as the substitution of oil or gas for coal in the firing 

of kilns, has produced a saving in firing labor. In 1927 it 

was estimated that about one-half of all the country's common

brick production was burned with oil, although coal was still 

employed at 72 percent of the plants, oil at 18 percent, and 

natural and producers' gas at 10 percent of the plants. 13 This 

lOCtay products Cyclopedia and lquifnlent Catalog, 1926 (3d ed.; Chicago: 
IndustrIal publ1cations. Inc .• Jan. 1. 1928). p. 180. 

l1K1r k.. lac. cit. 
H~'Fans - and Fan practIce in Clay Industry •• Bdele and Clay Record. 75. 
NO.6 (Aug. 27, 1929), 278-89. itA Romance In Industry,. Brick and CZay 
Record, 62. NO. 11 (Hay 29, 1923). 959. -100, 000, 000 Face BrIck AnnuallY, It 

Brick and Clay Record. 6~. NO·4 (Aug. 21. 1923). 254· 

13'Fuel In Clay Industry,. BdckandClay Record, 70. NO.7 (Mar. 29. 1927). 
536. 640. 
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indicates that the savings associated with the use of these fuels 

have been limited principally to the larger plants. 

The effects of all these technological changes on the labor 

requirements in the industry during the period 1919-25 are shown 
in figure 1 by the relatively small increase inman-hours aodwage 

earners as compared with the great increase in production. The 
extension of mechanized equipment to unmechanized portions of the 
industry and the achievement of a completely mechanized process 
for the soft-mud plants comparable to that already achieved in 

the stiff-mud sector of the industry were probably major factors 

in a 1.J.3-percent increase of productivity from 1919 to 1929 as 
compared with a 29-percent increase for the first decade of the 
century. The ensuing depression, however, obscured the effects 
upon productivity of such changes as took place after 1929. 

THE BAMPLB USID 'DR TMI BTUDY DP INDIVIDUAL PLANTS 

From a study of census data it has been possible to ascertain 
certain facts about the brick and tile industry in the United 

States, about the industry in different regions, and about parts 

of the industry. From periodic census reports on employment, 

production, and value of products, it has been possible to obtain 

a statistical picture of the behavior of the industry considered 

as a whole. In order to know why the industry behaves as it 

does, information is needed in regard to how the individual units, 

or plants, behave. This may enable one to give answers to such 

questions as the following: Do the large or the small plants 

tend tobe more responsible for instability of employment? Does 

the industry become more efficient through new plants coming in, 

through old plants dropping out, orthrough improvement of plants 
already existing? The answer to such questions may throw light 

on whether stability in numbers employed reflects real stability 

of employment or displacement of employment in some plants and 

absorption in others and as to how and why the productivity of 
the industry changes. 

Since most of the plants inthe industry are small, considera

tions of time and expense made it necessary to restrict the survey 

to a smaller sample t han would be necessary to give a proport ionate 

representation to the smaller plants and to all areas. A total 

of 108 plants was surveyed by the National Research Project in 
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cooperation with the National Bureau of ECOD<XIlic Research. 1 4. 

Only 83 15 of these are satisfactory for inclusion in the sample 

used for statistical analysis of labor requirements; the re

maining plants have, however, been used in other analyses and in 

treatment of other aspects of the industry. The years 1917-35 

have been chosen as the period for this statistical analysis 

since the plants reporting man-hours and production previous to 
that time are too few to represent even a small sample. 

Of the 22 reports on plants which have not been included in 

the statistical analysis of labor requirements, 2 are special 

engineering reports which furnish information on technological 
changes, supplementing that in the other reports; 17, while 

valuable for purposes of general information, have no satis

factory data on production and man-hours, in some clses because 

the problem of a satisfactory measure of production has proved in

surmountable; and 3 are from plants which have not been operating 

since 1916. 

The largest number included in the sample as operating in any 

given census year was 68 in 1929. 16 It must be remembered, 

however, that the plants not operating in 1929 and in the de

pression years following are in reality a part of the sample 

and furnish information as to the behavior of the individual 

plants in the industry, showing what types of plants closed down 

dnring depression and giving information on causes of changes in 

unit labor requirements. 

the sample data showing 

Tables 23 and 2~ present a summary of 

the changing size of the sample from 

1919 to 1935 and giving information in re~ard to certain of its 

characteristics relative to the universe. Since the census data 

include only operating plants, all comparisons with census data 

are necessarily restricted to data from operating plants. 1 ? 

In 1935 the 6'1 operating plants constituted 9.0 percent of 

the brick and tile plants in the United States; they produced 

13.2 percent of the brick and 

11.6 percent of the man-hours. 

tile in the industry and utilized 

The production per establishment 

t4Tllis 1ncludes a nUlfiOer of plants previously surveyed by the Nat10nal Burea1.i 
of Economic Research. See IntrOductIon. 
15Three other plants, In wh1c11 the problem of measurement of production In 
units comparable with otller plants has proved Insurmountable, have been 
1ncluded In the analysis or year-to-year changes or 1ndividual plants Out 
excluded from all aggregates of man-hours and prOduction. 
16Two sand-11me plants are excluded s1nce sand-lime br1c~ 1s 1ncluded under 
a separate class1flcat10n 1n the census. 
17For further information on the a.nalys1s of the sample see tables A-I to 
A-1t and append1x B, sectIon on _The SaIllple Analys1s .• 
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Tabl. 23.- ANALYSIS O' SAM.LI OP BRICK AND TIL! PLANT.: 
TOTAL PRODUCTION AND HAN-HOURS, 1S1S-15' 

CO/TlIllQn-br i ck e qui valents 
(millions ) 

Year Sa.mple as 
Sample universe b percent of Sample 

uni verse 

1919 337 9,155 3.7 2,374 
1921 298 8,752 3.4 2,335 

1923 l,OOe 14,275 7.0 7.007 
1925 1,283 15,388 8.2 7,730 

1927 1,251 14,708 8.5 9.759 

1929 1,2714 12,581 10.1 10,450 

1931 565 5,429 10.4 5,242 

1933 246 2.035 12.1 2.327 
1935 454 3.426 13.2 3.858 

a Data ror un1verse trom Census of Ha.nu!actu.,.-es. 
c rab ::' e 4. eols. (1; and (5). 

n.a. Data not ava1lable. 

Man_hours 
(thousands) 

Sample as 
Universe b percent of 

universe 

115,162 2.1 
100,838 2.3 
142.911 4,9 
138,275 5.6 
128,375 7.6 

110,351 9.5 
n.a. -

18.791 12.4 
33.133 11. 6 

T.bl. 24.- ANALYSIS O' SAMPLE O. BRICK AND TILE PLANTS: 
NUMBER O. ESTABLISHMENTS OPERATINB AND PRODUCTIDN 

AND HAN-HOURS PER ESTABLISHMENT, 1925-35' 

Item 1925 1927 1929 

Number of establishments 
Sample 38 52 68 
Universe 1,528 1.395 1.307 
Sample as percent of 

uni verse 2.4 3.7 5,2 

Common_brick equivalents 
(millions) produced per 
establishment 

Sample 35 24 19 
Universe 10 11 10 
Ratio of sample to universe 3.5 2.3 1.9 

Man-hours (thousands) per 
establishment 

Sample 215 188 154 
Universe 90 93 85 
Ratio of sample to universe 2.4 2.0 1.8 

1935 

54 
708 

9.0 

7 
5 

1.5 

60 
46 

1.3 

aBasP.d on table A-ll. Figures refer to establ1shDlents whose maJor product 
Is one of the five spec1tled prOducts of the brick. and tile IMustry. 
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in the sample was 1 . .5 times the average in the United States, 

while the labor utilized per establishment was only 1.3 times 
the average. The sample is evidently composed of plants larger 

than the average both in respect to production and utilization 

of labor; also the productivity of the plants is somewhat higher 

than the a-verage, since the percentage utilization of labor is 

somewhat less than the percentage of production. 

During the period covered by the survey, the sample of operating 

plants increases in relat ion to the universe, and the represent

ative character improves. This is to be expected since any 

sample selected as representative in 1935 would tend to be less 

so in 19~5, especially when it is remembered that more than 50 

percent of the ~stablishments operating in the industry in 1925 

were closed in 1935 and that therefore few of them could be 

included in the sample. Moreover, the sample as selected was 

overweighted with large plants which were not operating in 1935 

but were operating in 1925, and during the period after 1925 

it was increased by the inclusion of a number of smal1- and 

medium-size plants for which data were DOt available in 1925. 

These factors all combined so to improve the representative 
character of the sample that, whereas the productivity of the 

operating plants in the sample was approximately ~5 percent 

greater tban that of the universe in 1925, it was only l~ percent 

greater in 1935. and in 1933 the two exhibited approximately 

tbe same level of productivity. Moreover, whereas in 1925 the 

average size of the operating establishments in the sample was 

2.4 times the average for the United States if measured in man

hours and 3.5 times the average if measured by product ion, by 

1935 the sample had so improved that the size was only 1.3 times 

the average for the United States if measured in man-hours and 

1.5 times if measured by production. These facts must be taken 

into consideration when trends in the sample data are noted, since 

these trends may be due to the trend in the representat iveI.1ess 
of the sample. 

The year 1929 has been chosen for an examination of the sample 

in respect to its several products and to the regional break-down, 

since it is the year in which there is the largest number of 

operating plants. In this year the establishments in the sample 

were only 5.2 percent of the brick and tile plants in the United 

States. but they produced 10.1 percent of the total output and 



100 BRICK AND TILE 

utilized 9.1 percent of tbe total man-hours. The average pro

duction per establishment was twice as great as the average for 
the industry as a whole, and the average establishment employed 
1.7 percent as much labor as the average in the industry. 

The sample of common brick, which covers 12.6 percent of the 
product ion in the Un ited States, is more widely distributed 
throughout the various States than the sample for the other 
products, but this is also characteristic of the universe. iS 

The plants in the sample in the Illinois region produced almost 
one-third of the common brick for that region; in Pennsylvania 

19 percent of the production is covered; but the important New 
York and New Jersey region is represented by only 6.6 percent 
of its total production, 

T •• I. 11.- INDIXBB D. PRODUCTION DP IRICK AND TILl 
IN THI UNITED ITATII AND IN IAMPLB PLANTS 

1118-11 

product Ion in 

Year Millions of 
common-brick 
equivalents&' 

1919 9,155 
1920 9,322 
1921 8.752 
1922 11,200 
1923 14,275 

1924 13.872 
1925 15.388 
1926 14.978 
1927 14.708 

1928 13.706 
1929 12.581 
1930 8,832 
1931 5.429 

1932 2,458 
1933 2,035 
1934 2.313 
1935 3.426 

aTable A-iS. col. (1). 

bTable A-19. col. (2). 

1Bsee table A-1. 

united states Chain index of 
production in 

Index sample plants b 

11929"100) 11929=100 ) 

72·8 68.1 
74.1 85.1 
69.6 47.7 
89.0 109.2 

113.5 131.7 

110.3 146.2 
122.3 151.3 
119.1 143.3 
116.9 132.0 

108·9 120.9 
100.0 

, 
100.0 

70.2 69.7 
43.2 39.3 

19.5 22.5 
16.2 17.6 
18.4 21·9 
27.2 27.~ 
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"g.,. 15.- PRODUCTION 0' IRICI AHD TILl IN THI UNITID BTATII 
AND IN SAMPLE PLANTS, 11\1-35 

(Ratti a •• II) 

MILLIONS OF' COMMON
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Vitrified brick is so concentrated in large plants that it was 
possible to get a sample of 21.8 percent of the production in 
the United States. All of the four jmportant regions, except 

Kansas, are well represented. 10 

The sample for face brick is inadequate, covering only 8.0 
percent of the production in the United States. Pennsylvania and 

Ohio, the largest producers of face brick, are represented by a 

sample covering only S.B percent and 6.9 percent respectively 

19see table A.-3. 
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of the production of these States, while the region including 

Illinois and Indiana is represented by a 20.3-percent coverage. 20 

Hollow building tile, like face brick, has inadequate repre
sentation, with -the exception of the Illinois region which has a 

20.9-percent coverage anothe region of the western plains which 

has a 13.7-percent coverage. The first of these probably supplies 

the Chicago market while the other may supply the agricultural 

demand of the western States. The important Ohio production 

is practically unsampled. The sample covers 6.6 percent of the 

national production. 21 

at t he four important States producing drain tile, only Iowa 

is well represented, and the plants in the sample account for 

only 5.2 percent of the national production.·· 

The sample for the industry as a whole may be said to be 

reasonably good irom 1928 through 1935. The Illinois-Indiana 

district, serving the Chicago market, is adequately represented, 

with Pennsylvania and the New York region less so. The serious 

gap in the sample, however, is in Ohio, the most important region 

in the United States when all products are considered.·" 

An examination of figure 15 and table 25 will give an idea of 
how adequately the fluctuations in production in the United States 

are represented by the changes in production in the sample plants. 

The production index for the sample is based on a changing number 

of plants. The change in production for anyone year over the 

preceding year was computed by finding the percentage increase 

in product ion for all the plants for which data were available 

for both years. Using 1929 as a base, the production index was 

computed by chaining together these percentage links. 

From 1916 to 1919 the percentage change was based on a sample 

of 8 plants or less, but beginning with the index number for 

1920, the number of plants represented was 22 or greater. 24 

Unfortunately, the sample in 1921 was heavily weighted with a 

group of plants whose fluotuations in production have been greater 

than the average for the United States. From 1921 to 1925 the 

rise in production in the sample was relatively greater tnan in 
the universe, and from 1925 to 1931 the fall was greater. In 

20see table A-2. 
21see table A-4. 
22see table A-5. 
23For discussIon or the dltterences between geographIcal regIons see pp. 122-4· 
24see table A-19. 



CHANGING UNIT LABOR REQUIREMENTS 103 

other words, the changes in production in the sample were greater 

than the corresponding changes in the United States as a whole. 
This must be considered in the use of sample data as represent
ative of the universe. 

Figure 16 and table 26 present the relation of changes in the 

man-hours in the sample to those in the univers~. Care must be 
taken in interpreting these figures, since the man-hours for 

the uDiverse were estimated from inadequate data; especially is 

this true of 1919 and 1923. 25 Man-hours in the sample and in 

the universe rose relatively less than production from 1921 to 

1925 and fell less after 1925 (figures 15 and 161. From 1921 

to 1925 the man-hours in the sample rose more rapidly than in 

the universe, and from 1925 to 1929 the man-hours in the sample 
declined more rapidly than in the universe, doubtless because of 

a greater decline in production; but between 1929 and 1933 there 

was a greater relative decline in the man-hours in the universe, 

indicating a greater tendency toward increased productivity in 

the universe than in the sample, or less tendency toward decreased 

productivity. This is partly due to the large number of small 

plants in the universe which ceased operation between 1929 and 

1933, but a more important factor is that 11 of the largest plants 

T •• II 21.- INDEXES OP MAN-KOURS USED IN PRODUCTION OP IRICK 
AND TILE IN THE UWITBD ITATBS AND IN 

SAMPLE PLANTS, IBIB-35 

Man-hours 

Year 
Thousands a 

1919 115.162 
1921 100.838 
1923 142,911 
1925 138.275 
1927 128.375 

1929 110.351 
1931 n.a. 
1933 18,791 
1935 33.133 

aTable 4. col. (6). 
bTable .1-19. col. (3). 
n.B.. Data not ava1lable. 

in United states 

Index 
11929=1001 

104.4 
91.4 

129.5 
125.3 
116.3 

100.0 
-

17.0 
30.0 

Chain index of 
man-hours in 
sample plants b 

11929=1001 

69.4 
55.5 

123.3 
136.2 
120.7 

100.0 
44.6 
19.3 
31. 2 

25see appendlx B. sectlon on -Estimated Employment and Man-hours in Brick 
and Tile Manuractu~ing.· 
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'1,8'0 11.- MAN-HOURS UIID IN PRODUCTION OP IRICK AND TILE 
IN THI UNITID ITATII AND IN IAMPLE PLANTI, 1119-35 
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in the sample were not operating in 1933. These facts will be 
considered later in connection with the analysis of changes in 

the man-hour ratios in the sample. 

ITATISTICAL PROILEMS 0' MlAIURrMBNT 

Mia-kiD' Ibt il 

Productivity may be measured either by the number of units of 
a given product produced per man-hour or by the number of man
hours used in producing a unit of the product. For the purpose 
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of this study the number ot man-hours per unit of product has 

seemed the preferable measure. This enables one to divide the 
vertical structure of the industry into its various segments 

and departments and to determin~ the man-hours per thousand. brick 

for each segment and department. Since the denominator used is 
the same for all segments (that is, the number of bricks produced), 

the sum of the man-hour ratios equals the man-hour ratio for 

the whole of the vertical structure. As this study is concerned 
with the absorption ana displacement of labor, the question that 

should be answered is: 

displaced, or absorbed? 

for that purpose. 

How many man-hours of labor are required, 

This type of measure is readily adaptable 

To this measure has been given the Dame "man-hour ratio" or 

"man-hours per unit of product. II Usually t he term IIman-hour 

ratio", with no qualifying phrase, is intended to refer t('l the 

man-hours of operating and indirect plant labor required to pro

duce 1,000 common brick or common-brick equivalents. For other 

labor some qualifying word or phrase will be used to designate 

the type of labor or the part of the industry in which the labor 

is used, such as office man-hours and man-hours per thousand 

brick in the machinery industry. 

One of the most difficult problems in the measurement. of pro

ductivity is that of determining a unit of measurement of pro

duction which is applicable to all the products of the industry. 

When the study was originally undertaken, it was hoped that it 

might be limited to plants producing only brick, but when it was 

found that this limitatIon would necessarily and perhaps rather 

arbitrarily exclude a large part of the industry, it was decided 

to include also the other products made in brick plants. 

In an analysis of the field data two problems of comparability 

presented thems~lves. First, there was the problem of internal 

comparability, that is, of converting all products within one 

plant into some common base uni t; and second, t here waS t he prob

lem of external comparability, that is, of converting the products 

of all plants into some one base uni t. The first problem was 

met by the selection of some base product for each plant and the 

estimation of the ratio of the labor time required to make each 

product tothe labor time required to make thebase product. Each 
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output !igure was multiplied by its appropriate ratio, and the 

total of these converted figures was thus expressed in terms 01 

the base unit. Since it was usually impossible to isolate the 

labor time associated with anyone product, insome departments, 
such as clay mining, itwas allocated on the basis 01 the weight 

of the clay consumed in t he products prQduced; in other departments 

where handling was important, the number of units handled, as 

well as the weight, was considered in making the allocation of 
labor time; or if piece rates were available, they were used 

as a basis for estimates of labor time. 

Since the product usually selected asthe base product was the 

one produced in the greatest quantity in the plant, the problem 

of external comparability still remained. This was met by the 

use of conversion factors derived from the internal-comparability 

ratios and considered fairly typical of the industry. Inasmuch as 

most of the out put had been converted into common-brick equivalents 

in the process of solving the problem of internal comparability, 

it was decided to treat all common-brick equivalents as directly 

comparable. For face brick the ratio of 1.25 was used, and for 
building tile the ratio varied according to the size and kind 

of tile used as the base product. This ratio for face brick is 

considerably lower than the ratio used fat' census data, probably 

because most of the face brick produced in the factories in the 
sample was produced inconnection with common brick and differed 
from it less than the average. 26 

Some plants made such a variety of tile products that it proved 

impossible to reduce them to any base product. Several produced 

so or more different kinds of brick and tile. Others made very 

specialized types of tile, producing comparatively few of any 

one kind. In some of these cases it was possible to solve the 
problem of internal comparability and thus compute a man-hour 

ratio in terms of the base product within the plant, but it was 
found impossible to convert this product into cornmon-brick equiv
alents. In these instances link relatives were computed showing 
the changes in the man-hour ratio from year to year, and these 

in turn were used in computing a chain index from the median 
link relatives. In all series involving aggregates ot production, 

however, such plants had to be excluded. 

26Por further details in regard to methods used, see aDpendlx B. sectIon on 
IComDaralHllty or Conversion of Pleld-Stud.;Y production Data Into COllllJlon
Brick Equivalents. I 



CHANGING UNIT LABOR REQUIREMENTS 107 

••••••• If MI.-h •• r Rltll. 

Three typesof indexes were used tomeasure year-to-year changes 
in the man-hour ratios: (1) Index of "weighted means of man-hour 

ratios; (2) chain index of median link relatives; and (3) chain 
aggregative index. 

When production and man-hours were available for an identical 

group of plants over a period of years, an average man-hour ratio 

for each year was computed by dividing total man-hours utilized 
by all the plants in the given year by the total production of 

these same plants. If the plants were not operating, they were 

considered as belonging to the group, but any man-hours expended 

were excluded as not properly utilized for production. To the 

average man-hour ratio was given the name "weighted mean of man

hour ratios tl since it was equivalent to an arithmetic mean of 

individual plant ratios weighted by production. This series of 

yearly mean man-hour rat iOs, converted in to an index by select i ng 

some year as a base, gives a measure of the changes in the mean 

of the man-hour ratios for the group of plants over a period 

of years. 

The sample includes a changing number of plants from year to 

year. In order to use these data to measure change, it is nec

essary to construct some sort of chain index. For this purpose 

the second and third types of indexes were used: (a) the chai n 

index of median Ijnkrelatives and (b) the chain aggregative index. 

For the chain index of median links, yearly link relatives were 

computed for each plant, measuring the percentage change in each 

ratio from the preceding year. These links for the individual 

plants were arrayed, and the median link was selected as repre

senting the typical percentage change from the preceding year. 

Chained together, these median links give a measure of median 

year-to-year changes in the individual plants over the period 

of years inquestion. This index gives equal weight to all plants 

irrespective of the size of their production. 

To measure changes in employment, however, it is necessary to 

have an index which weights the changes according to the amount 

produced in the individual plants. For this purpose weighted 

mean man-hour ratios were computed for identical groups of plants 

for each successive pair of years, the group being composed of 

all plants for which data were available for the 2 years in 

question. From the man-hour ratios of these paired groups, link 
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felat ives were computed showing the .changes in t ne man-hour rat io 

from one year to the next. These links were then chained to form 

an index to which was given the name of Hchain aggregative index 

of roan-hour ratios", since tre links were based on man-hour ratios 

computed from aggregates of man-hours and product ion, To the 

extent that the year-te-year fluctuations in those sample plants 

for which data are available in both years are representative 

of the fluctuations in brick and tile plants in the United States, 

this index measures the changes in the ratio of the aggregate 

man-hours in all plants to the aggregate product ion. In other 

words, it is comparable to the series of man-hour ratios computed 

trom census data for 1869-1935 Itable 27 and figure 17). These 

various indexes will be found in table 29. 

T.bl. 27.- PRODUCTION, MAN-KOURS, AND MAN-KOUR RATIOS POR 
BRICK AND TILE PRODUCED IN TKE 

UNITED STATES, 1889-1135' 

productlonb 

Year ( millions of 
cornmon-brick 
equivalents) 

111 

1869 3.012 
1879 4.505 
1889 10.009 
1899 10.603 
1904 12.948 

1909 15.738 
1914 13.098 
1919 9.155 
1921 8.752 
1923 14.275 

1925 15.388 
1927 14.708 
1929 12.581 
1933 2.035 
1935 3.4.26 

&Baseel on Census vI JIonujactrwu elata. 
bTable 4. col. (1). 

cTable 4. col. (6). 

Man-hours 

Thousands c Per thousand 
common b r ic k 

12) 131 

82.463 27.4 
110.304 24.5 
173.193 17.3 
173.836 16.4 
184.536 14.3 

199,214 12.7 
182.080 12.4 
115.182 12.6 
100.838 11.5 
142.911 10.0 

138.275 9.0 
128.375 8.7 
110.351 8.8 

18,791 9.2 
33.133 9.7 



CHANGING UNIT LABOR REQUIREMENTS 109 

.1 •••• 17.- PRODUCTION, ~H-"DUR8, AHD ~H-"DUR RATIOI 
.OR IRICK AND TILl PROOUCBD IN TNI UHITID STATII 
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Even frama superficial examination of man-hours andproouction 

in brick and tile plants it is evident that the man-hours per 

unit of product for any plant tend to fluctuate inversely with 

the amount produced. Consequently any study of the changes in 

man-hour ratios must take into consideration this factor. For 

this purpose a measure of the capacity which the plants actually 

attained in their months of highest production seemed better 

than some measure of rated capacity. Hence capacity of a plant 
was considered to be the total possible annual output based on 

the performance of the plants in peak months, allowance being 



110 BRICK AND TILB 

made for ordinary and usual interruptions and the assumption 

being made of a continuous demand, adequate fuel supply, and 

favorable labor and t ransportat ion conditions. Capaci ty was 
considered to remain constant from year to year, unless some 

additions were made to equipment and machinery increasing the 

capacity or unless the production series gave decided evidence 
indicating a trend in capacity.27 

A comparison between plants for the purpose 'Of relating various 

plant characteristics to differences in productivity requires 
some measure of productivity from which have been eliminated 

various fluctuations due to unusual conditions of operation of 

one or more plants in a given year. For this purpose it was 
necessary to select a man-hour ratio in whiCh the factor of changes 

in utilized capacity of operation was minimized. An average was 

computed of the mar-hour ratios for each plant for those years 

between 1925 and 1935 in which the capacity utilized was 70 to 

89 percent. This average was called the standard man-hour ratio 

and has been used for comparison of the productivity of different 

plants. In cases where the plant did not attain this percentage 

e! capacity within these years, adjustments were made in the 

average man-hour ratio at some attained capacity on the basis of 

observed relationship between the percentage of capacity utilized 

and changes in the man-hour ratio. 28 

CHANa!B IN MAN-HOUR RATIO PoR PLANT LABOR 

The investigation of the relationship of changes in employment 

to changes in product ivi ty should begin with a measurement of 
the changes which have taken place in the man-hours required to 

produce 1,000 brick over a period of time. Fortunately it has 

been possible to make an estimate of the total production of 

the industry and the man-hours utilized in this production in 

tbe brick and tile plants for census years since 1869. 29 These 

27Fora. descrlDtionor the methods or estImat1ng plant capac1ty. see appendix B. 
section on 'Capacity of Br1ck and. T11e Plants.' 
28For further d.etal1s In regard to the methoc.1s used, see appendix B. sectlon 
on 'Stand.ard Man-hour Ratios.' 
29F'or methods usee In making these estimates and the llmltatlons of the data 
used. see aDPendlx B, sect10ns on 'production and. Average Value per unit of 
produc t •. 'convers 1 on or census Produc tl on Data Into C oI!!lllon-Br ic k EQui valenta'. 
and -Estimated Employment and Man-hours in Brick and TUe Manufacturing.' 
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are presented in table 27 and figure 17, together with the maD
hours utilized per thousand common-brick equivalents which were 
derived from these two series. From examination of the chart 

it is evident that the years 1879-89, years of great activity in 

building and of an increase of over 100 percent in production 

of brick and tile, showed a marked decrease in the man-hour ratio, 

that is, an increase in productivity. The next decade, 1889-991 
was a depression period, and there was relatively little change 
ei ther in product ion, total man-hours, or t he man-hour rat io. 

This period was followed by another sharp increase inproductioD 
of approximately 50 percent between 1899 and 1909 and a second 

period of decline in the man-hour ratio. The period was one of 

great commercial and building activity, of a rich man's boom 

which brought forth many ornate business blocks, and of industrial 

combinations which spread, as has been seen, even into the field 

of brick and tile. A recession occurred in the industry from 

1909 to the World War, and during the war there were restrictions 

on all but necessary building. After the war the census speaks 

of the occurrence of "a veritable orgy of cODstruction ll , which 

was again followed bya recession beginning around 1929.30 Once 

more the increase in production was accompanied by a marked im

provement in productivity, that is, a fall in the man-hour ratio. 

Too much reliance, however, must not be placed on the data fOf 

the period 1911r23 because of the fact that during this period 

the census gave no separate data on employment either in "Brick 

and tile ll or for the separate products inCluded under brick and 

tile. But even making allowance for these deficiencies, it seems 

reasonable to assume an improvement in productivity during this 

period, since when 1909 and 1925 are compared - years for which 

the dataon employment are more adequate - a marked decrease in the 

man-hour ratio is noticeable. Whatever change took place after 

1925 was in the direction of an increase in the man-hour ratio. 

Over t he period 1869-1925 the man-hour ratio decreased from 

27.Q man-hours per thousand brick to 9.0 man-hours, or approx

imately two-thirds. If these two terminal years only are con

sidered, the annual geometric rate of decrease was 2.0 percent. 

The outstanding characteristic of the changes in the man-hour 

ratio is the fact that there are periods of rapid change with 

intervening periods of little change. These periods of rapid 

30'ijteenth Census oj the United states: 1930, .construction Industry· 
(U. S. Dept. Com., Bur. Census, 1933). p. 2. 
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change, that is, rapid decrease in the man-hour ratio, so far 

as can be determined from census data, occur during the periods 
of increasing production, while the peri.ods of low production 

following these are periods of no improvement in productivity_ 

Attention has been called in chapter III to the fact that the 
industry is characterized by marked cycles of long duration. 

From figure 17 it is evident that the improvement in the man-hour 

rat io has taken place during the upward swings of these major 

cycles of activity. Comparison of the curve of production with 
the curve of man-hour ratios makes evident the inverse relation

ship between the two; likewise, an examination of the behavior 

of the man-hour ratios for individual plants in the field study 
reveals the same inverse relationship between capacity utilized 

T.~I. 28.- MAN-HOUR RATIOS POR BRIC~ AND TILE PRODUCED 
IN THE UNITED STATES, CORRECTED POR PERCENTA8E 

OP CAPACITY UTILIZED, 1889_1935" 

Percent that Man-hour ratio 
Percentage actual is of 

Year of capac! ty 
capacl ty man_hour Actual Cl Correctede 
producedb 

ratlo C 

( 1) ( 2) ( 3) (4) 

1889 100 100 17.3 17.3 
1899 85 109 16.4 15.0 
1904 92 105 14.3 13.6 
1909 10e 100 12.7 12.7 
1914 84 110 12.4 11.3 

1919 59 119 12.6 10.6 
1921 57 120 11. 5 9.6 
1923 93 105 10.0 9.5 
1925 100 100 9.0 9.0 

1927 96 103 8.7 8.4 
1929 82 110 8.8 8.0 
1933 13 130 9.2 7.1 
1935 23 123 9.7 7.5 

aBased on Census Of Manufactures data. For eXplanat10n or method used, see 
appendlI B, sectIon on 'Corrections In the Han-hour Ratio tor Percentage of 
capacity Utlllzed. H 

bBased on table 27, Col. (i). 
cFor methods used 1n obtUnlng these rtguree. see IippendU B. sectIon on 
'Corrections 1n the Han-hour Ratio tor Percentage or Capacity Utilized.' 
dTable 27. col. (3). 

eC01 • (3) + coL (2). x 100. 
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and the man-hour ratio. 31 The man-hour ratio declines as pro

duction increases and increases as production declines. 

The question arises as to what degree of productivity might 

have been expected in a given year, provided t he plants had been 

operat ing at or near capac i ty. 

for capacity the peak years of 

of near-capac i ty product ion. 32 

In the absence of any figures 

production were taken as years 

Capacity for the interve~ing 

years was estimated by a geometric interpolation between peak 

years. Likewise, the man-hour ratioat peak production was con

sidered to be the man-hour ratio at capac i ty, and capac ity man-hour 

ratios for intervening years were estimated by g~ometric inter
polation between these man-houf ratios at successive peak years. 

There was a high degree of inverse correlation between the devi

ations of the actual man-hour ratios from the estimated trend of 

capacity man-hour ratios and the deviations of actual production 

from the trend of capacity production. A freehand line of re

gression between these two variables was used to correct the 

actual man-hour ratios for capacity utilized. 33 The man-hour 

rat ios corrected for the factor of proport ion of capaci ty ut ilized 

is shown in column ("I of table 28 and in figure 18. It will be 

not iced that the trend of the corrected man-hour rat ios is stead i ly 

downward at the average geometric rate of about 1.8 percent per 

year from 1889 to 1925 (computed between the two end years I . 

There are some exceptions to a regular and constant rate of 

decrease, but they are not marked, with the exception, perhaps, 

of the increase which took place between 1933 and 1935. This 

is also evident in the individual plant ratios ana may be due to 
the operation of NRA code provisions during a depression period. 

PI ••• 81 •• y Dill for 1917-!5 

In figure 19 a comparison is made between the fluctuations in 

the percentage of capacity utilized in the reporting plants and 

the changes in the indexes of man-hour ratios. The striking 

characteristic demonstrated by the curves in the chart is the 

inverse relationship existing between the capacity utilized and 

31See table A-32 for the man-hour ratios for individual plants. 

32 It Is recognIzed. of course, that peak production for the 1ndustry may be 
cons1derably under what has been defined as capacity production. For example, 
the plants in the sample produced at 80 percent of capacity in 1925. the 
peak. year o[ prOduction. But for the purpose of this computation, It does 
not matter that the productIon attained was less than capacIty. 
33For detalls of the method used. see appendh B. section on "Corrections 
1n the Man-hour Rat10 tor Percentage ot Capac1ty Utl11zed. R 
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the indexes of man-hour ratios. The fluctuation in capacity 

utilized is so great that it obscures any tendency toward increased 

productivity which might have existed. In fact, the indexes of 
the man-hour ratio declined from a high point in 1918, corre

sponding to a low point in product ion, to low points in the 

years 1922 through 1928, when product ion reached its highest 

level. From these points they rose to 1932, as production de

clined to a low point. 

The median link index fluctuated less abruptly than the chain 
aggregative index Ifigure 19 and table 291, which would seem to 

T.hl. 29.- INDEXES OP MAN-HOUR RATIOS POR SAMPLE 
BRICK AND TILE PLANTS, 1917-15 

Sample plants 

Chain median link Chain aggregative 

Year 
relatives index 

Nllmber 
of Indexa 

plants 

1917 4 112.7 
1918 4 125.4 
1919 12 113.6 
1920 19 108.6 
1921 21 108.? 

1922 23 103.1 
1923 29 101. 9 
1924 33 101.1 
1925 34 99.8 
1926 35 101.3 

1927 42 99.5 
1928 51 99.0 
1929 56 100.0 
1930 69 99.8 
1931 e5 108.1 

1932 El5 116.9 
1933 57 111.8 
1934 59 115.7 
1935 ee 115.4 

arable A-22. col. (3). 

bTable A-Zl. col. (5). 

cTable 35. 

Number 
of 

plants 

5 
5 
8 

22 
25 

27 
31 
35 
35 
35 

42 
50 
57 
72 
73 

78 
78 
79 
79 

dcomputed rrom table 27. col. (3)· 

n.a. Data not avallable. 

Index b 

109.3 
127.7 
101. 8 
100.7 
116.5 

91.2 
93.8 
89.9 
90.2 
92.5 

91. 7 
93.4 

100.0 
103.4 
113.2 

115.8 
109.9 
111.1 
113.6 

Enited 
Weighted States, 

mean weighted 
indexc 137 mean 
identical index d 

plants) 

n.a. n.a. 
n.a. n.a. 
n.a. 143.2 
n.a. n.a. 
n.a. 130.7 

n.a. D. B. 

n. a. 113.6 
n.a. n.B. 
D.3. 101.1 
n. a. D. a. 

n.a. 100.0 
91.3 n.a. 

100.0 100.0 
106.7 D.a. 
130.6 n.a. 

152.3 n.a. 
127.6 104.5 
119.8 n.a. 
120.9 110.2 
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indicate that the man-hour ratios of large plants fluctuate more 

violently than do those of small plants, or that the production 
of these plants fluctuates more violently, or that both conditions 
exist. It seems likely that the aggregative index tends to over

emphasize the fluctuations in the industry at large. This is 

evident in the low point to which this index fell during the 

years 1922-28. An examination of the man-hour ratios in the 
individual plants (table A-32J reveals the same characteristics 
as are shown in the average for all plants, which increases in 

the years of low production, '9'7-2', decreases to low ratios 
in the years 1922-28, ana then rises to abnormally high ratios 
as production falls off during depression. There are exceptions, 

of course, and the behavior of individual plants tends to be 

erratic, but curves for individual plant ratios and for percentage 
of capacity utilized show a marked inverse relationship. 

A scatter diagram showing the inverse correlation between var
iations in percentage of capacity utilized by all reporting plants 

and variations in the chain aggregative index is presented in 

figure 20. This correlation is also evident in table 30 which , 
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gives media.n and mean man-hour ratios for the various classes 
of percentage of capacity utilized <luring the years 1916-35' Law 
ratios are associated with high percentage of capacity utilized, 
while high ratios are associated with low percentage of capacity 

utilized. The linear correlation between the two variables in 

figure 20 was found to be -0.86±o.o6. But, since the relation

ship seems to be curvilinear, a freehand curve was also drawn, 
and the deviations of the points from the curve were used as 

additive adjustment factors for correcting the index of man-hour 

ratios for percentage of capacity utilized. 34 The corrected 

and uncorrected indexes are shown in figure 21 and table A-23 

for 1920-35' There seems to be little evidence of any declining 
trend. The explanation for this must await the analysis in the 

next section of the different types of plants of which the sample 

is composed and their behavior during the periods of rising and 

falling production. Any improvement in the average man-hour ratio 

for all the plants in the industry, which may have taken place as a 

result of plants with high man-hour ratios shutting down during 

this period, would not be reflected in the chain index for the 

Tabla 30·- AVIRABE MAN-HOUR RATIOS POR IAMPLI BAICK AND 
TILl PLANTS AT VARYIN8 LEVELS or UTILIZID CAPACITY 

II\I-IS' 

Man-hour ratiob 
Number of 

percent of years in 

capacity utilized Medi an unweiiShted specified 
mean class 

All classes 8.57 8.79 20 

Less than 20 10.48 10.78 8 
20-29.99 9.41 9.48 3 
30-39.99 8.30 8.30 2 
40-49.99 7.65 7.85 2 
50-59.99 7.30 7.30 2 
80-89.99 - - 0 
70 or over 7.19 7·18 5 

aF.XC1U~es plants for which no capac1ty estimate Is available. 
Dcomputed trom ~verages tor years rall1ng in specif1ed capac1ty class. Tbe 
yearly averages are trom table A-2Q. col. (4). 

34For deta11s ot the method, see table A-23 and append1X B, section on 
'Corrections in the Han-hour Rat10 tor percentage ot capac1ty Ut1lized.' 
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sample. It is known that during the period 1920-29 there were 

i~provements of individual plants which brought about decreases 

in theirman-hour ratios. But it is possible that the improvements 

took place in regions for which the sample data are inadequate, 

or that the sample is overweighted by plants which made little 

or no improvement. 
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ANALYSIS OP THE DIPPERENCES IN THE HAN-HOUR RATIO 
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In an attempt toanswer the question as to what types ofplaots 

had the lowest labor requirements, the standard man-hour ratios 

for the plants in t he sample were classified into groups according 

to various characteristics, such as 51 ze, age, and type of process. 

It was thought that in this way some approach might be found to 

the question: What are the forces which tend to bring abOut 

the increase or decrease in the average man-houT, ratio? If mOr~ 

production is being carried on in large plants and if these plant~ 

have lower labor-requirement ratios than others, obviously there 

will be a tendency for the man-hour ratio to fall. If, however, 

large plants with low man-hour ratios cut down sharply in their 

production during periods of depression in the industry, ther(! 

will be a marked tendency for the ratio to increase. Or the 

change from one type of process to another, sllch as the change 

from t he soft-mud to the stiff-mud process which took place during 

the first decade of the twentieth century, may bring about a 

cbange in the man-hour ratio. 
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pr.iGati'll, RII,.,. tl 51 •••• 4 ?ra, ••• 

In table 31 the plants are separated into stiff-mud, soft-mud, 
and at her processes. These other processes include the sand-lime 

and dry-press processes, in which there is much less handling 

than is usual in the stiff-mud and soft-mud processes. A cross 
classification is made by size. plants with a capacity of less 

than 1$ million brick per year ar.e classified as small, while 

those of 30 million brick or over are classified as large. For 
all processes combined the average standard man-hour ratios are 
highest for small plants, the average being 11.q.8, and lowest 

for large plants, the average being 6.87, which is about 60 percent 

as high as for small plants. In other words, Lj.O percent less 

labor is used to produce 1.000 brick in large plants than in 

small plants; the same relationship holds for each process; that 

is, the large plants have the smaller man-hour ratios, and the 

smaller plants have the larger man-hour ratios. There is one 

exception in soft-mud plants, when small- and medium-size plants 

are compared, but this is doubtless due to the fact that there 

are so few plants in these classes. The sand-lime and dry-press 

processes require the least amount of labor, while the soft-mud 

process requires the most. In the subclassifications this rela-

tionship isnot so clear, probably 

of the san>ple of soft-mud plants. 

again because of the smallne.ss 

The change from the soft-mud 

to the stiff-mud process after 1900 tended to bring about a 

reduction in the amount of labor utilized. Soft-mud req"uired more 

handling labor until the installation of the autobrick machine 

rlbl. 31.- AYERA8E STANDARD MAN-KOUR RATIOS POR SAMPLE BRICK 
AND TILE PLANTS, BY CAPACITY AND PROCESS· 

Annua.l capa.city 

All plants (mUll ons of cornman-brick equivalents I 

Less than 15 15-29.99 30 or over 
Process 

Number Number Number Number 
Ratio of Ratio of Ratio of Ratio of 

plants plants plants plants 

All processes 9.66 69 11.48 22 9.82 29 6.87 18 

Stiff-mud 9.67 55 12.40 14 9.66 25 6.99 16 
Soft-mud 10.33 9 10.74 4 12.73 3 5.91 2 
Sand-lime and 

dry-press 8.27 5 9.03 4 5.2.3 1 - 0 

aIfiCludes all Dlants for whlc~ standard man-hour ratIos CQuld be calculated. 
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in the twenties, atwhich time a great reduction in the labor ot 
handling took place in those plants which introduced thismachine. 

It will be noticed that the two large soft-mud brick plants have 

a lower average standard man-hour ratio than the large stiff-mud 

plants. The average in this class might not be so low if the 

sample were larger. Nevertheless 5.91, the average for these 

soft-mud plants, is a low man-hour ratio for any plant. 

From an examinatiQo of table 31 it is evident that any changes 

in the proportions of production between large plants and small 

plants would bring about a correspondingly large shift in the 

man-hour ratio because of the great difference in productivity 

between them. 

In table 32 the standard man-hour ratios are classified by 

age and capacity. There seems to be no clear relationship of 

any sort between the man-houT ratio and the age of plants, some 

T.~I. 12.- AVERAI! STANDARD MAN-HOUR RATIDS POR SAMPLE BRICR 
AND TILl PLANTS. BY CAPACITY AND AIEa 

Annual capacity 
(millions of 

All plants common-brick eqUivalents) 

Aile b Less 15-29.99 30 or over 
than 15 

Number Number Number Number 
Ratio of Ratio of Ratio of Ratio of 

plants plants plants plants 

All ages 9.Bl 59 11. 83 18 9.88 27 7.42 14 

Less than 
10 9.81 11 9.B2 4 10.08 6 8.30 1 

10-14 9.86 5 15.51 1 8.90 2 7.98 2 
15-19 10.82 7 10.48 3 10.73 4 - 0 
20-24 8.10 13 10.54 2 7.33 5 7.42 ~ 

25-29 11. 02 12 11. 92 3 10.76 8 10.45 1 
30-39 7.81 3 12.84 1 - 0 5.00 2 
40-49 10.17 4 9.80 1 14.56 1 8.27 2 
50 or 

over 11.71 4 16.68 2 8.00 1 5.50 1 

8.InclUc1es all pl8.nts tor which the ages were known and ror which standard 
6an-hour ratIOS could be calculated. 

Age Is measured in number or years intervening between year or construction and 
year or mean ot years trom which the standard man-hour ratio has been der1ved. 
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of tlte oldest plants having the lowest man-hour ratios. Since 

new machinery which may entirely revolutionize the efficiency 

of a plant is often installed without new plants being built, 

these figures fail to tell the full story. In fact, 23 of the 

plants in the sample underwent some reconstruction during the 

period 1919-35· 

A classification of plants by geographic area and by standard 

man-hour ratio is shown in table 33' It will be noticed that 

in the Chicago area all t he plants are in the group of lowest 

man-hour ratios, that is, frcmq..ooto6.99 man-hoursperthousand 

brick. The New York area, including the Hudson River Valley and 

the New Jersey plants, is the only other region with more than 

one plant in this group of low man-hour ratios, except Wisconsin, 

where the plants are sand-lime plants. A combination of several 

characteristics brings about the very low man-hour ratios in the 

Chicago area, namely; Production of common brick only, sold as 

!Irnn-of-kiln"; large size of the plants due to the market which 

they serve; clay adaptable to high-speed production by the stiff

mud process and to short burning time; and a high degree of 

mech,<l.nization. The sample in the New York area contains only one 

plant with a capacity of 30 million or more, but two of the six 

rlants are in the group having man-hour ratios between ~ and 7. 

1hese are soft-mud plants in the Hudson River Valley. As has 

been seen, this area was more reee.ntly mechanized than the Chicago 

area, the period of mechanization eomi.ng after theWorld War when 

the pressure of labor costs was great. Here autobrick machines 

which eliminate the handling of the bricks as they come from the 

molder have been installed, as well as overhead cranes for setting 

the brick in the kilns and mechanical loading of the brick in 

crates for shipment. As seen from the comparison of stiff-mud 

and soft-mud plants, it is unusual to find soft-mud plants with 

man-hour ratios as low as stiff-mud plants, but these plants 

s.how 1:hat complete mechanization of a soft-mud plant may today 

bring about as great a productivity as complete mechanization 

of a stiff-mud plant. 

In eastern Pennsylvania, also serving a large metropolitan 

market, only two out of six plants have a capacity of over 15 

million, and only two plants have a man-hour ratio of less than 10. 

fiere again the soft-mud plants predominate, while the stiff-mud 



T.~I. 11.- CHARACTERISTICB AND &IOBRAPHIC LOCATIONS O' SAMPLI BRICK AND TILl PLANTI 

Hudson Eastern 
Plant All Chicago Valley, Pennsyl_ 

characteristic areas New vania 
Jersey 

All plants 78 9 6 6 

Standard man-hour 
ratio 

4- 6·99 15 9 2 0 
7- 9.99 29 0 3 2 

10-12.99 19 0 0 1 
13 or over 15 0 1 3 

Capacityb 
Less than 15 26 0 2 4 
15-29.99 33 0 3 1 
30 or over 19 9 1 1 

process 
stiff-mud 61 9 2 2 
soft-mud 12e 

0 4 4 
Dr)l-process and 

sand_lime 5 0 0 0 
-

8.ChlCagO exclude(!. 
~ea8ured In mIllIons at cammon-brIck equivalents per year. 

--

Western Iowa, 
pennsyl- Vir-

Mary- elnia, Mis-
vania, Indiana, Flor-
western 1111- land. North ida, 

souri, 

New noise Ten- Caro- GeorQia 
Kansas, 

nessee lina Okla-
York. homa 
Ohio 

13 14 5 6 3 14 

0 0 0 1 0 1 
4 e 0 4 0 10 
9 2 2 1 3 1 
0 6 3 0 0 2 

3 5 2 1 2 6 

9 6 2 3 0 8 
1 3 1 2 1 0 

11 12 4 5 3 13 
2d 0 1 Id 0 0 

0 2 0 0 0 1 
- - - -- -- '---
crncludes two plants UsIng both 8t1tt- and 8otC-mud processes. 
drncludes one plant usIng both st1tt- aDd Bott-aud processes. 
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plants are unable to operate at the speed of those in the Chicago 

area and their burning time is mnch longer because of the type 

of clay used. The soft-mud plants tend to be on the eastern 

seaboard, while the stiff-mud plants predominate in other sections 

of t he country. Moreover, in the eas tern cit ies brick is sold 
by grade and therefore requires sorting. while in Chicago it is 

commonly sold as Hrun-of-kiln." 

Another difference between areas is the difference in diver
sification of products. While the plants in close proximity to 
the metropolitan areas tend to produce common brick or common and 

face, the plants farther removed from these market.s have a greater 
diversification of products. This is especially true of the 

plants west of the Mississippi, which produce a wide range of 

brick and tile products, and is also true of the plants in Indiana 
and Illinois, which are too distant from the Chicago market to 

compete in the market for common brick and which have specially 

good grades of clay for other products. This diversification 

tends to be associated with somewhat higher man-hour ratios than 

might be expected; nevertheless 11 of the l~ plants in the group 

west of the Mississippi have man-hour ratios of less than 10. 

Iny •• tm.nt p.r Unit af Capaclt, 

The plants were classified according to the amount of investment 
per unit of capacity in order to determine, if possible, whether 

high investment per unit of capacity tended to be associated with 

low or high man-hour ratios. In order to do this it was necessary 

to classify the plants into two groups, those making common and 
face brick and those making paving brick and tile. Unfortunately 

the number of plants was small, and data on net investment are 

somewhat difficult to interpret. Considering these limitations, 

the evidence points to the conclusion that the greater the in

vestment in machinery and equipment per unit of capacity in the 

common- and face-brick plants, the lower the man-hour ratio. 

Four of the six common- and face-brick plants for which data on 

investment were available are medium-size; one is large, and ODe 

is small. If the one large plant is excluded, the ranks are the 

same for net investment per unit of capacity and for man-hour 

ratios when the lowest man-hour ratio and the highest investment 

figure are given the rank of one. The net investment ranges 

from $0.79 per thousand brick with a man-hour ratio of 9.60 to 

$3.53 with a ratio of 5.95. 
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When tile and paving-brick plants are ranked in the same way, 

the lower man-hour ratios seem to be correlated wi th the low 

net-investment figures, though the relationship is far from clear. 

This may be due to the fact that the greater the diversification 

of the types of brick and tile, the larger the amount of invest

ment required; and, at the same time, the greater the diver

sification, the greater the amount of individual handling that 

is necessary, and, therefore, the higher the man-hour ratio. 36 

Ch ••••• ta .b. M •• -haa, Ratl. DVI, Tlm. 

In the previous di.scussion the quest ion has arisen of the 

behavior of individual plants during per'iods of recession and 

Fl., .. 22.- DISPERSION OF MAN-HOUR RATIOS, 37 IDENTICAL 
BRICK AND TILE PLANTS, 1928-35 
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36see table 1-24 tor the data on which these correlations are based. 
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activity in the industry. When several plants are owned by one 

company, there are various factors 

as to which plants will operate. 
which enter into the decisions 

If the demand is insufficient 

to keep all plants operating, the prcd.uction is usually centered 

in a few of the plants only, in order that the plants that are 

operated can be operated at or near capacity. In the second 

place, the plants which are selected for operation may be selected 

because they are low-cost plants, in which case productivity of 
labor would be an important item in the selection, or they may 

be selected because they are nearer to the market, in which case 

plants with higher rather than those with lower ratios might be 

selected for operation. Many plants owned by multiple-plant 

corporations have been closed during the depression. Some have 

been permanently abandoned and others will probably be opened if 

the demand warrants it, but many small, individually owned plants 

have also been closed. There is no basis for determining whether 

any larger proport ion of corporately owned plants is closed than 

of individually owned plants. 

In order to understand the behavior of individual plants, a 

study was made of a group of 37 identical brick and tile plants 

for the period 1928-35. Table A-25 and figure 22 present the 

lowest and highest man-hour ratios for each year and the quartile 

man-hour rat ios. T~e great range between the highest and lowest 

ratios is marked in all years and increases during the depression. 

The man-hour ratio in the plant with the lowest productivity 

rlbl. 34.- WEIBHTED MEAN DP MAN-HOUR RATIOS AND or PERCENTAIE 
DP CAPACITY UTILIZED, 37 IDEIITICAL BRICK AND TILE PLANTS, 

1928-35 

Percent 
Year Man-hour of capacity 

ratioa 
ut i 1 ized 

1928 7.47 61 
1929 8.18 51 
1930 8.73 33 
1931 10.68 16 

1932 12.46 9 
1933 10.44 8 
1934 9.80 10 
1935 9.89 15 

aTable A-25. col. (6) • 
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tends to be 5 to 10 times that in the plant with the highest pro

ductivity; the man-honI' ratio for the third quartile, So to 100 
percent greater than that of the first quartile. This great 

dispersion in the ratios is marked throughout the period and is 
typical of brick and tile plants. Except in 1930 and 1934 the 

array is positively skewed, showing a tendency for the man-hour 
ratios to be more widely dispersed above the median tban below, 

which would be expected when there is such a wide dispersion. 

The rather erratic nature oftbe fluctuations is due, in part, 
to very irregular production in many plants and also tothe fact 

that only in the first 2 years are all the plants operating. A 

contingent labor-reduction ratio shows the reduction in labor 

requirements which would take place if the plants should increase 

their productivity to the point where the weighted mean would 

become equal to the first quartile of the given year. While in 

1928 and 1935 there is little difference between the weighted 

mean and the first quartile, showing wi thout doubt a preponderance 

of the large plants, in several years the reduction in labor 
which would have taken place was 20 percent or more. 

Figure 23 and table 3~ present the weighted mean of the man-hour 

ratios and the percentage of capacity utilized. Except for 2 

years, an inverse relationship exists between the two curves. 

Why the improvement which started in1934 did not continue until 

1935 is difficult to determine. When the 37 plants are broken 

down into three size groups, a little more light is thrown on 
the nature of the fluctuations. 

In figure 23 and table A-26 the plants in the group are clas

sified bysize. The small- and medium-size plants operated more 

continuously than the large plants in this group of 37 plants and 

at a higher percentage of capacity. A comparison of the indexes 

of the man-hour ratios of the three groups in table 35 shows that 

the smaller the size, the more stable the man-hour ratio. The 

man-hour ratio of the small-size group rose less than 20 percent 

from 1929 to 1932 and in 1935 had returned to its 1929 level, 
w;hile the man-hour ratio for the large-size group rose 72 percent 

and in 1935 was 28 percent above its 1929 figure. The total 

capacity of the small- and medium-size plants together was less 

than half the capacity of the large plants. Hence the fluc

tuations in the large-size group tend to have a greater effect 

on the average man-houf ratios than the fluctuations in the other 

two groups. 
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In figure 2~ and table A-27 the plants in the group are clas

sit ied by process. The average man- hour rat io of the plants us ing 

the stiff-mud process increased steadily from 1928 to 1932 as 

capacity fell off, until in 1932 it was more than 100 percent 

higher than its 1928 figure. In thesoft-mud process and in the 

sand-lime process the variations are less marked, amounting to 
not more than 20 percent in the soft-mud and to 30 percent in the 

other processes. In 1935 the soft-mud group had returned to its 

19.29 man-hour ratiO, but the stiff-mud group was 27 percent above 

its 1929 figure. 

Tabla 35.- INDEXES DP WEIBHTED ~AN OP MAN-HOUR RATIOS, 
37 IDENTICAL BRICK AND TILE PLANTS, 

BY CAPACITY AND PROCESS, 1928-35 

(1929=100) 

plant 
characteristic 1928 

all plants ll 91.3 

Annual capacltyD (millions 
of cOllllllon-bri ck 
equivalents) 

Less than 15 99.8 
1.5-29.99 93.6 
30 or over 90.4 

process c 

Sti ff-mud 91. 2 
soft_mud 89.0 
Sand_lime and dry-press 103.1 

·COIlll)uted. crom table 1.-25. coL (6). 

bCOI!ll)Uted rrom table .1.-26. 

ceo.p1t,ed fro. table .6-27. 

1929 1930 

100.0 106.7 

100.0 100.9 

<0'1"" 
100.0 10iL 2 

100.0 111.1 
100.0 91.4 
100.0 102.7 

1931 1932 1933 

130.6 152.3 12'7.6 

106.9 118.2 105.7 
103.0 122.3 123.1 
145.3 172.4 123.9 

163.0 ISS·rO,. 
86.5 103. B 86.9 

109.4 99.7 130.6 

1934 l'i:l35 

119.8 120.9 

98.3 99.6 
107.2 111.2 
124.0 128.3 

126.3 12'7 •• 
99.8 99.5 
99.2 102.5 

From this sample of 37 plants it would appear that during the 

1928-35 period the operation of large plants andstiif-mud plants 

was characterized by more severe fluctuation than that of other 
plants and the man-hour ratios in these plants rose more during 
the decline in capacity utilized from !928-32 than the man-hour 
ratios in other plants. In other words, medium- and small-size 
plants and soft-mud plants tended to be more stable in operation 
and in their man-hour ratios than large stiff-mud plants. It is 
possible that this group of 37 plants is not typical of the brick 

and tile plants in general. That it is overweighted with large 
plants is evident, and it is possible that it is overweighted 
with large plants of more erratic production than others. 
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EVALUATION O' .ACTORS A.PECTINS THE 
AVERASE MAN-HOUR RATIO 

131 

From the foregoing analysis it appears that sma1l plants are 

less efficient than large plants; hence changes in the average 
man-hour ratio may come about by changes in the proportions of the 

production produced by large and small plants. Also, the soft-mud 

plants tend, in general, to be of somewhat lower productivity 

than stiff-mud plants, although at present large soft-mud plants 

are attaining aproductivity comparable to that of large stiff-mud 

plants. Hence a change in proportions produced by these two 

branches of the industry would change the average man-hour rat 10. 

Likewise, themore diversified plants tend to have higher man-hour 

ratios than th,e plants specializing in one product, but here 

another factor cCII1es into operation. To the extent that greater 

diversification is accompanied by increasing size of plants and 

the closing up of small plants, this tendency toward decreased 

productivity may be more than offset. Although it is impossible 

because of lack of data to determine what change has taken place 

in the plants in the western plains, it seems likely that the 

movement toward diversificat~on of products under mUltiple-plant 

management may have led to a decrease in the average man-hour ratio 

in that section of the country-

As has been pointed out, thepredominating factor affecting the 

man-hour ratios in individual plants is the change in capacity 

utilized; this factor tends to obscure all others so that it is 

difficult to isolate the effects of other factors. When produc

tion in the industry rose in the twenties because of a greatly 

increased demand for building materials, several factors affecting 

the average man-hour ratio came into action: (1) The percentage 

of capacity utilized in individual plants rose, which brought 

about a decrease in the man-hour ratios in these plants; (2) 

plants which had been idle began operating, which would be a 

factor tending toward decrease in the man-hour ratios if the 

plants were large and had lower man-hour ratios than the average, 

and toward an increase if they were smaller and had higher man

hour ratios than the average; (3) newmachinery andequipment were 

installed which would tend to decrease the man-hour ratio whether 

installed for the purpose of reducing fuel costs, making a more 

perfect prOduct, reducing waste, reducing labor costs, or freeing 

the plants from their dependence on unsatisfactory or uncertain 

labor supply; and (4) some increase in size of plants took place 
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in order to fulfill a new demand, a factor which would also tend 

to reduce the average man-hour ratio. The resultant of all these 

factors is shown in the fall of the man-hour ratio from 1920-25-

Data on the total number of establishments in brick and tile 

are lacking prior to 1925, but from the data on the number of 

establishments producing each of the five products, it is probable 

that there was little if any increase in the total number. The 

number of establishments producing face brick and hollow bui Iding 

tile increased between 1921-25, butthe number of establishments 
making the other products decreased. Since most of these estab
lishments make more than one product, it is impossible to estimate 
from these data the increase in the total number of establishments. 

Evidence seems to point to the conclusion that the increased 
use of capacity in large plants, the establishment of new large 

plants, and possibly the return to production of some large plants 

more than offset the tendency to an increase in the ratio which 

may have been introduced by the ret urn to product ion of some smal:!. 

plants. The stabilizing effect of the small plants is lost in 

the chain index of man-hour ratios for the sample because of the 

overweighting of large plants. Renee the fall in the average 

man-hour ratio in the universe is probably less than that shown 

by the index. 

An examination of table A-6 shows the great but decreasing 

overweighting given ;n the sample for common brick to Region IV 

{including the Chicago district I during all years up to and in

cluding 1929, and the marked but decreasing underweighting given 

in Reg i on I Ii ncludi ng New York I duri ng thi s same period. The 

production of COmmon brick in the Illinois region increased-more 

than in any other region during the period 1919-25' This over

weighting tends to exaggerate the decrease in the man-hour ratio 

due to the increase in production in this highly efficient area. 

On the other hand, theunderweighting of the New York area tends 

to obscure the effects of certain improvements 't"hich took place in 
the man-hour ratio due to the installation of autobrick machines 

,in the soft-mud plants in the Hudson River Valley and the mech

anization of handling which occurred tn 1919-29. 

The effect of increased production in small plants, whether 

for plants coming back into operation or for plants increasing 
their production, is overshadowed by the importance of these 

two regions. The increase in production in other areas is much 
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less than in these two. In comparing the change in the chain 

aggregative index with the weighted mean based on census data 

shown in table 29, bothwere found to have decreased by 23percent 
from 1921 to 1925. On the upswing of the cycle of production 

there are two main factors that make for a decrease in the average 

man-hour ratio: the increasing use of the faci1i ties for pro

duction and the relative shift in production from small plants 
with high man-hour ratios to large plants with low ratios. 

lihen production was falling off from 1925 to 1932, the large 

plants decreased their production mOTe than the small plants. 

The Chicago area reduced its proportion of production more than 
the New York area; this means that soft-mud plants operated more 

continuously than stiff-mud plants. The result was an increase 
in the average man-hour ratio due to plant operation below ca

paci ty and to the large falling off in the proportion of the 

products produced by the large plants. There was a tendency, 

however, toward decrease in the man-hour ratio due to the closing 
down of many small plants. This latter tendency is obscured to 

some extent in the chain aggregative index for the sample. The 

closing of this large number of small plants tended to offset 

the other factors so that the man-hour rat io based on census data 
increased only about 3 percent from 1925 to 1932, while the chain 

aggregative index increased 21 percent. The increase in the index 

due to the falling off in capacity was greatet than it should 

have been because of the overweighting by Illinois plants in the 

years 1925-29 and the underweighting by the New York plants. By 

1931 the sample weighting for the two regions including these 

States was approximately the same as that in the universe. 36 

The decrease in the man-hour ratio takes place during the 

cyclical upturn of activity in the industry, which brlngs into 

operation some factors of permanent significance such as improve

ments in machinery and equipment, building of a small number of new 

and more mechanized plants to supply new kinds of demand or demand 

in new areas, and enlargement of the capacity of plants already 
built. During the decline inproduction which follows the period 

of great productive activity, the competition resulting from the 

increased capacity tends to drive out of existence many of the 

smaller and less profi table plants, so that when the industry 

starts its revival many of them have disappeared. The man-hour 

36See table A-6. 
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ratio is consequently lower than ata corresponding point in the 
previous cycle. For example, if the chain aggregative index of 

the man-hour ratio, which was 109.9 for 1933 when the plants were

operating at only 9 percent of capacity, be compared with the 

chain index of 116.7 for 1921 when the plants were operating at 
24.5 percent of capacity, this improvement in productivity is 

evident. Though the absolute difference between these two index 

numbers, removed as they are by 12 years and based ana changing 
sample, is not reliable asa measure of the change, nevertheless 

the direction of the change agrees with that shown by the index 

based on census data. It therefore seems reasonable toconclude 

that an improvement has taken place in the productivity of the 

plants from 1921-33, but any reliable estimate as to the amount 
of this change is difficult to make. 

NAN-HOUR RATIOS IN THE YBRTICAL STRUCTURE 
Dr THB INDUSTRY 

In the foregoing sections an attempt has been made to describe 

and analyze the changes which have taken place in the man-hours 

of operating and indirect labor per thousand brick. Such changes 

have been associated not only with the technological changes 

which have taken place in the brick and tile plants but also 

with the changes in the amOUnt of brick and tile llroduced. An 

attempt will now be made to answer certain questions in regaru 
to the man-hour ratios in Other segments of the industry. Is 

the dCMDward trend of the man-hour ratio which is characteristic 

of operat ing and indirect labor in the plants alsocharacterist ic 

of other parts of the industry, such as labor used in manufacturing 

machinery, production of fuel, and transportation? What effect 

do the cycles which characterize the industry have upon the man

hour ratios in other segments? What is the approximate total 

man-hour requirement per thousand brick in the vertical structure 

of the industry? What proportion of these man-hours is utilized 

in each segment, and what is the trend of this man-hour ratio? 
None of these questions can be answered with any great degree of 

exact i tude, and, in general, the pict ure of the vertical structure 
of the industry can b,=, drawn only in its broadest outli_nes. 

Plant-office man-hours include not only the hours of the hired 

clerical staff but also the time which is spent by the owners in 
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the administration of the business. Since office man-hours are 
the most rigid element in the total plant man-houfs and respond 
least to fluctuations in output, it caD be expected that the 

office man-hour ratio will show an inverse relationship to outPUt 

and total man-hours. This is confirmed by an examination of 

table 36. During the period 1922-35 the plant-office man-hout 

ratio shows a range of 0.34 to 1.38 man-houfs per thousand brick. 

The low point is reached in 1926 and the high in 1933. Since 

this does not include office man-hours in the plants which did 

not operate ioany one year and as in many cases a skeleton force 
remains to take care of sales of brick, the ratio is probably 

underestimated in years of low production. 

T.~I. 38.- PLANT-DPFICE MAN-HOUR RATIOS IN IAMPLB 
BRICK AND TILE PLANTS, 1922-35 

Man-hours 
Number 

of 
Percent 

Man-hour 
Yea.r plants. of tota.l 

ratioa 
Number man-hours 

reporting 
inc lud ing 

office 

1922 15 86.204 4.7 0.51 

1923 20 111.120 3.2 0.36 
1924 18 102.923 3.2 0.36 

1925 21 117,525 3.1 0.35 
1926 20 102.831 3.1 0.34 

1927 24 134.969 3.9 0.42 
1928 30 170.919 4.5 0.46 

1929 44 250.223 4.1 0.39 

1930 46 263.547 5.6 0.61 

1931 47 265.531 7.9 0.91 

1932 47 232.903 11.0 1. 34 

1933 44 216.628 11.8 1. 38 

1934 49 230.555 10.7 1. 22 

1935 47 217.194 8.2 0.91 

awe 19hted mean or man-hour rat10s tor all reportlng plants. 

This series of man-hours is based on a changing sample; hence 

too much importance must not be attached to year-ta-year fluc
tuations, but in general the series may be said to reflect 

the tendencies characterizingplant-office man-hour ratios. The 
percentage which plant-office man-hours is of the total plant 
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man-hours varies from 3.1 percent in 1925 and 19.26 to 11.8 percent 

in 1933. This rise during the period of low production reHects 

the difficulty of adjusting office man-hours to a rapidly changing 

volume of output. Thus office man-hours per thousand brick tend 

to become an increasing burden when production declines. When 
the plants are operating under multiple-plant ownership, the 

plant office may be closed and only the central office left open. 

This would tend, of course, to keep down the rise in the plant
office man-hours per thousand brick, but the comparatively few 

cases of this have not been suffiCient to offset the tendency 

of the ratio to rise. 

Except for the year 19~9 no attempt has been made to estimate 

from census data the man-hours of work performed by salaried 

employees. The number of employees in this class as reported 

by the census is about 10 percent of the average number of wage 
earners. 37 This includes not only salaried employees but owners 

of the brick plants and corporation officials. The difficulty 

of estimating the number of hours spent per year by the members 
of this group in work pertaining to the brick and tile plants 

has prevented the making of any estimate of man-hours, except in 

19~9 when an estimate of~.~~~ hours (51 weeks of ~~ hours each) 

per individual per year was made in order tofit this group into 

the picture of the whole. 38 In 1929 the estimate based on census 

data was 0.85 man-hours per thousand brick, which is about twice 
that for the field study. It is likely that this is due to the 

very much larger proportion of small plants in t~e industry than 

are represented in the sample, though it is possible that it is 
an overestimate of the average number of hours per individual 
per year. If it is due to the large number of small plants re

porting to the census, then the existing trend toward larger-size 

plants is li kely to reduce the plant-office man-hours per thousand 

brick in the future. It seems reasonable to expect that a plant 
can increase its capaci ty wi thout a proport ional increase in its 
office force. 

Mla-al.r Rlt'e. fir , •• 1 

Table 37 presents an estimate of the number of man-hours required 

to produce the fuel per thousand brick. Unfortunately. data are 

available for only certain census years, but the trend is evident 

:~7See table 10. 

38See table 40. 
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when 191~ and 1919 are compared with 1929. During the earlier 
.2 years, theman-hours utilized were over 0.9 per thousand brick, 

but by 1929 they had been reduced ~5 percent to 0.5 man-hours. 
This reflects the trend which has been noticed toward greater 

economy in the use of fuel and also the trend toward greater 
productivi ty in the production of fuel. 39 There should be added 
to the latter figure the number of man-hours used in transporting 

the fuel, which was 0.8 man-hours per thousand brick in 1929. 40 

The trend in both of these ratios is downward and will doubtless 
continue to be so in the near future. 41 

T.~I. 37.- ESTIMATED MAN-HOUR RATIOS POR PUEL POR 
BRICK AND TILE PLAHTS, 18\4-28 

production&' Plant fuel Man-hour 
(millions of man-hours b ratio year common-brick (thousands) 12 )+11) 
equivalents) 

11 ) 12) 13 ) 

1914 13.099 12.502 0.95 
1919 9.155 8.393 .92 
1929 12.581 6.578 .52 

arable A-13. coL (1). 

bFor methods used in obtaining these !1E!;ures. see appendIx B, section on 
-Estimated Employment and Han-hours in the vertical Structure of the Industry.' 

During periods ot low production, the fuel per thousand brick 
tends to rise because of several factors. It may be necessary 

to burn less than a kiln of brick, in which case the unit fuel 

requirement is greater; orthe smaller beehive kilns may be used 

in place Of the tunnel kilns, and these are less economical when 

both are burned at capacity. Moreover, the tendency, already 

noted, for the large plants to cut down their production pro

portionately mOre than the small plants would tend to increase 

the fuel consumed per unit of output. Hence man-hours utilized 
for fuel will not fall off in depression to as great an extent 
as the decrease in the brick burned, unless the opposi te tendency 

toward increased productivity inproduction of fuel offsets this 

tendency toward less economical use of fuel. 

39See pp. la, 42-3. 
40See taDle 40. 

41For methods used 1n est1mating man-hours, see sopendlx B. section on 
-Estimated Employment and J1an-hours In the Vertical structure or the Industry .• 
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M.a~h •• r Ratll. 'Dr Mlchl.lry ••• E •• t,.I.1 

The problem of estimating the labor utilized in thernanufacture 

of themachinery annually consumed in the production of brick and 

tile necessitates_ some method of allocating the machinery over 

the period of its use, as well asa method of measuring theamount 

of labor embodied in the machinery. Two methods of estimating 

the embodied man-bours may be used: II) An estimate based on 

the gross investment for the given year; and (2) an est imate 

based on the depreciation in machinery and equipment for the 

given year. Gross investment for any given year was considered 
to be the total investment in machinery and equipment to date 

minus retirements and sales. In order to use the first of these 

two methods the dollars of gross investment were converted into 

man-hours by multiplying by a figure representing the man-hours 

per dollar of investment utilized in the manufacture of the ma
chinery. IThis method was followed in table A-28, onwhich table 

38 is based.) A figure for man-hours per dollar of investment 

was computed fcreach year from 1920 to 1935, the years forwhich 

data were available. The figure used to convert gross investment 

for a given year into man-hours was the average of all the figures 

for the previous years including that for thegiven year, on the 

assumption that the buying of the machinery had been distributed 

more or less evenly over theprevious years. In order toprorate 

the man-houfs over t he life of the machinery, the total of the man

hours was divided by the average length of life of the machinery, 

which was estimated at 13.9 years, a figure arrived at from an 

examination of the records of various plants. 

The second method is based on the assumption that the yearly 

depreciation figure used by the company isa. measure of the amount 

of machinery and equipment which is used up in production each 

year. The fact, however, that the figuring of depreciation tends 

often to be a mere accounting practice having more relation to 

taxes and financial condition of the company than to the actual 

wear and tear of the machinery makes data derived from the de

preciation accounts unsatisfactory. It is not unusual to find 

that the machinery which has been entirely written off asfar as 

depreciation is concerned is being used forproouction. Hence no 

attempt has been made to use the quite inadequate data available 

for this purpose. 

Table 38 gives the man-hours embodied in machinery and equipment. 

when estimated on the basis of gross investment, for a group of 
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nine plants from 1926-35. It will be seen that the man-hour 

ratios vary from 0.28 in 1926 to 0.89 in 1933' The reason for 
this variation is evident when one looks at the decrease in pro

duction amounting to 60 percent between 1926 a.nd 1935. This 

increase in the ratio reflects the increase in fixed costs per 

unit of production which takes place "ith the falling off in 

production. 

Tabl. 3B.- ESTIMATED MAN-HOUR RATIDS POR MACHINERY. 
NINE IDENTICAL BRICK AND TILE PLANTS, 1926-35" 

Production plant machinery 

Year (millions of man-hours Man-hour 
common-brick (thousands) ratio 
equivalents) 

( 11 (2 ) (3) 

192e 18e 48 0.28 
1927 148 50 .34 
1928 145 54 .38 
1929 130 57 .4' 
1930 124 58 .45 

1931 96 57 .58 
1932 71 59 .82 
1933b 39 35 .89 
193. e9 55 .80 
1935 65 58 .86 

aBased on table A-2B. 

bF1gu!'es retlI'esent dat.a tor six plants. as three plants were not operatIng 
1n 1933. 

MI.- ••• r Ratt •• f.r Tt •• a,ertetle. ef Brick Ind Ttle 

Table 39 presents for the years 1929-35 the man-hours per 

thousa.nd brick used- in the transportation of brick and tile on 

Class I railroads. 42 This falls from 1.25 man-hours in 1929 to 

0.88 in 1935. 43 A similar decline doubtless took place in the 

man-hours used inthe transportation of fuel during this period. 

This is, of course, only part of the man-houfs used in the 

transportation of brick and tile. Some of it is transported 

by waterways and some by truck. There is an inert-as ing use ~f 

42: For methods used 1n estImat1ng man-hours, see appendix B. section on 
"Estimated Employment and Man-hours 1n the Vertical Structure of the Industry. W 

43The denominator used Is the total product1on of brlck and tile and not 
that transported on the railroads, wh1ct, was approx1mately 70percent of the 
total In 1929. 
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T.~I. 39.- ESTIMATED HAN-HDUR RATIDS PDR TRANSPDRTATIDN or 
BRIC~ AND TILE DN CLASS I RAILRDADS, 1925-35 

productionS Transportation Man-hour 

Year (millions of man-hours ° ratio 
common-brick (thousands) 12 )+11) 
equivalents) 

III 12 ) 13 ) 

1929 12,581 15,773 1. 25 
1931 5,429 8.728 1. 24 
1933 2,035 2,144 1. 05 
1935 3,428 3,018 0.88 

aTaDle A-13. col. (1). 

bFoI' methods used In obtalnlng these figures, see appendIx B, sectIon on 
~Estlmated Employment and Man-hours In the VertIcal struc ture or the Industry .• 

trucks for delivery purposes, and it is conceivable that this 

would tend to decrease the man-hours needed to distribute the 

brick and tile to the consumers, as some of the handling would 
.. be eliminated. Moreover, automatic loading and unloading of 

trucks is also bringing about a reduction in man-hOUfS. 

Mla-ke., Rltl •• la tb, V •• tle.l structur. el tbe •••••• ry 

Table 40 attempts to give a picture of the man-hours utilized 

j n the various segments of the industry in 19.29 so far as it 

r.as been possible to make an estimate. 44 While9.6man-hours per 

thousand common-brick equivalents were spent on the average in 

the plants, the estimate outside theplants totaled 3.4 man-hours. 

The figure fails to include trucking of the finished product, 

which would amount to at least l.oman-hour. There are, of course, 

other minor omissions, such as the salaried workers in the pro

duction of fuel and the man-hours embodied in the structures 

which house the machinery. Perhaps even more important are the 

man-hours spent in repairs and maintenance. It is likely that 

for 10 man-hours in the plant there are at least 5 man-hours 

outside. 45 

While the t rend of the man-hours per thousand brick is evidently 

downward, it is impossible to give any estimate of the rate of 

decrease. Moreover, during periods of declining production the 

44For methods used 1n estlmating man-hours, see appendix B, section on 
-Estimated Employment and Han-hours 1n the Vertical Structure ot the Industry.-

45Ct • Bernard H. Topk1s. "Labor ReQu1::-ements in the Production ot Clay prod
ucts.- HonthlyLabo1" Review. 45. NO.6 (Dec. i937). 1409 tor sImilar estimates 
tor 1935. 
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T •• I. 40.- MAN-HOURS AND MAN-HOUR RATIOS IN SPECIPIED 
SEGMENTS OP THE BRICK AND TILE INDUSTRY, IS28" 

Man-hours 

Segment Man-hour 
Thousands percent ratio 

of total 

11 ) 12 ) (3) 

All specified segments 153,935 100.0 13.0 

fo'uel production 6,645 4.1 0.5 

Bituminous coal 6,312 3. 9 -
Anthracite coal 266 0.2 -
Coke b 67 • -

Fuel transportation 10,535 6.4 0.8 

Bi turninous coal 9,961 6.1 -
Anthracite coal 119 0.1 -
Coke 33 • -
Refinery products C 422 0.2 -

Machineryo 5,536 3.4 0.4 

Brick and tile manufacturing 120,972 73.8 9.6 

Wage earners 110,351 67.3 -
Salaried employees 10,621 6.5 -

Brick and ti Ie transportation 15.773 9.5 1.3 

Brick and tile distribution 4,474 2.7 0.4 

aFor methods and sources see appendix B, section on -Estimated EmploYlllent 
and Man-hours 1n the VertIcal Structure of the Industry.' 
bIncludes only man-hours for productIon of coal used In producing coke. 
crncludes only the man-hours in refin1ng fuel ol1s and gaso11ne and doeS 
not include production or the raw materials or the transportatiOn of ttlese 
raw materials. 
dEs!lmated man-t!ours emboaied in mactlinery prorated annually OVer the life
time or t;he machinery. See table 4. col. (4) for the man-hour raf.l0 used In 
col. (3). Man-hours in col. (1) are the product of th1s man-hour ratio and 
total production In the industry. 
"'Less than 0.05 percent. 

trend of the man-hour ratio is upward, not only for the plants 

but also for machinery and possibly to some extent for fuel. 

Hence it is probable that man-hours per thousand brick in the whole 

vertical structure of the industry varies inversely with the 

percentage of capacity utilized in the brick and tile plants. 

PRODUCTIOK COSTS 

Production costs are the limi ting factors in the supply of brick 

which will be offered no the market at a given price. If costs 
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are too high the manufacturer has the alternative of reducing 

costs or closing down operatioh5. Reduction of costs tends to 
reduce the man-hours p~r thousand brick either in the plant itself 

or in other segments oJ the industry but may prevent the closing 

down of operations. An exami nation of costs, theref ore, may 

throw some light on the forces which have been bringing about a 

reduction of the man-hour ratio. 

On the average, labor costs during the periOd 1909-25 amounted 
to ,,0 percent of the value of the brick produced. 4e In some of 

the plants surveyed, labor costs were as high as 60 percent of 

the total cost of producing the brick, while in other plants 

they were as low as 20 percent, but they are the largest item 

of. cost and one which tends to receive much attention when wages 

are high. 

Table ~l presents the median average hourly earnings in brick 
and tile plants in five different areas. As might be expected, 

the sOllthern States, which include theStates east of the Missis

sippi River and south of New Jersey, Pennsylvania, and the Ohio 

River. had the lowest average hourly earnings both in 1929 and 

1935. In 1929 they had the highest man-hour ratio and yet the 

lowest laborcost. In the northern group east of the Mississippi, 

the Chicago district had the lowest labor cost. Its high average 

hourly earnings were offset by the low labor-requirement ratio. 

The area including the States of Ohio, New Jersey, New York, and 

Pennsylvania had the highest labor costs, while the States west 

of t.he Mississippi 47 had low average hourly earnings and low 

labor costs. 

The high labor cost of producing brick for the eastern market 

was certainly one of the forces making for the installation of 

machinery which took place during the decade of the twenties. 

It might also have beena force which resulted indriving smaller 

plants, with their higher labor requirements, out 01 the market. 

It will be noticed that the median labor-requirement ratio in 

this area dropped from 11.0 in 1929 to 10.4 in 1935. 

In 1935 average hourly earnings were lower than in 1929; the 

median man-bour ratios had declined in two areas, that is, in 

46Based on Census Of Xanufa.ctuf"es data. 
47The plant,s 1ncluded were 1n Iowa. Kansas, M1ssouri, Ok.lahoma., and Californ1a. 
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T •• I. 41.- LABOR COSTS rDR SAMPLE IRICK AND TILl PLAHTI, 
BY AREA, 1928 AND IISS" 

Median 
year Number 
and of AveraQe Han-hour Labor cost 

Area plants hourly ratio per thousand 
earnings brick 

(1 ) (2) (3) (4 ) 

1929 
I 12 $0.391 9.4 $3.72 

II 12 .474 10.0 4.68 
III 21 .536 11.0 5.25 

IV 10 .328 12.2 3.70 
V " .884 5.2 4.56 

1935 
I 15 .396 9.4 3.72 

II 10 .382 13.2 5.18 
III 20 .448 10.4 4.86 

IV 13 .306 9.9 2.95 
V 3 .818 10.4 8.37 

8Plants are grouped on the basIs of theIr geographIc area Into fIve l1I&Jor 
divIsions: 

Area I: 

Area II: 
Area III: 
Area IV: 

Area V: 

States west or the MIssIsSIppI River (CalHornla. Iowa, Kansas, 
M1ssouri. and OklahOI'll8). 
Ill1noIs, IndIana, and WIsconSin, excludIng the ChIcago dIstrIct. 
New Jersey. New York, Ohto, and PennsylvanIa. 
Southern States east of the MIssissippI River (FlorIda. GeorgIa. 
Maryland. North CarolIna, Tennessee, and VIrgInIa). 
CM.cago distr1ct (COOk. County. 111.). 

the southern States and in the States of New Jersey, New York, 

Ohio, and Pennsylvania; in two others they had risen, and in the 
western area the man-hour ratio had not changed. In the New York 

market area, the labor costs per thousand brick had declined to 

third highest, while in the Chicago area, in which the sample 

for 1935 is very small, they had risen to the highest. The 

States in Area II, the region in which Chicago is located, had 

the second highest labor costs. The increase in the man-hour 

ratios in these States was only partly compensated for by the 

decrease in hourly wages. In this area the reaction to higher 

costs seems to have been a decrease both in production and em
ployment, while in the eastern States it was a decrease in the 
man-hour ratio accompanied by a relatively smaller decline in 

production and employment than in the Chicago area (Area V). 

In the southern area, which includes some plants producing 

for the Washington market, a reduction in the man-hour ratiO, 
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coupled with only a small reduction in average hourly earnings, 
has brought about a 20-percent reduction in labor costs. The 

peculiar conditions ~f demand in the Washington market may have 
been an important factor in this reduction. Plants in that market 
were busy when there was idleness in the rest of the country. 

Direct comparison of costs between areas is somewhat fruitless, 

as they produce primarily for noncompeting markets wi th different 

condi t ions of price and demand and different· customs in regard 
to kinds of brick and tile. Labor costs which may be relatively 
low when compared with other markets may be a high proportion of 
costs in 
change. 

allowing 

the market in question and so exert a pressure toward 

Thus in the NRA hearings much was said in favor of 
low wages in small communi ties and in the South, on 

the ground that the expenditure of labor per thousand brick 
was so much greater than 
areas and in the North. 

in the larger plants in metropolitan 
It Was contended at that time that the 

payment of higher wages would compel many of these plants to 
shut down operation. 

A •• ly.', 'f Cllt. ,,, T~'." •• • r •• k 

Production costs per thousand common brick for six plants are 
broken down into component parts in table '12. It will be noticed 

that while labor costs were '10 percent of total costs in 1925, 
they were only 33 percent in 1935. When census data are used, 
labor costs are found to be '10 percent of total value in 1925 

and 36 percent in 1935. The decrease in labor costs from $'1.3'1 
to $3.30 is due to the fall in average hourly earnings, since 
on the average these six plants showed no appreciable change in 
productivity. 

Most plants exhibited an increase in man-hour ratios during 

this period and, in many instances, an actual increase in labor 
costs. This group of six plants can hardly be said to be typical 

of the industry in respect to labor costs except as they illustrate 
certain tendencies toward decrease in these costs both through 
increased productivity and decreased average hourly earnings, 

the latter being characteristic of all plants. 

The secona largest item of costs per uuit is overhead, which 
increased, asmight be expected, with the decline in production. 
On the other hand, fuel costs may reflect, as do labor costs, 

the tendency of the plants in the industry to economize in this 
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T.~I. 42.- COST PER THOUSAND COMMON BRICK, SIX IDENTICAL 
BRICK AND TILE PLANTS," 1825 AND 1915 

Item 1925 

Total production ( thousands of 
common-brick equivalents) 109,414 

Man-hours, operating and indirect 1,092,983 
Man-hours per thousand common-

brick equivalents 9.99 
percentage of capacity utilized 77.4 

cost (dollars) 
common-brick 

Total 10.73 

Total manufacturing 7.36 

Labor, operating and indirect 4.34 
Raw materials and supplies 0.54 
Fuel for burning 1.11 
Overhead 1. 15 
Other manufacturing expense 0.22 

power 1. 13 
Administratlve b 

1. 24 
Selling 0.17 

otherb 0.83 

BTwo large-. two small-, and two med1um-size plants. 

braT more detalled breaK-down, see taDle A-29· 

1935 

49.388 
489.9HI 

9.92 
34.9 

per thousand 

eq',.livalents 

9.89 

6.25 

3.30 
0.38 
1. 03 
1.37 
0.17 

1. 52 
1. 03 
0.41 
0.88 

large item of expense, though it is recognized, of course, that 

the reduction in fuel costs may be due in part toa lowered price 

for fuel. These factors have evidently offset the increased cost 

of fuel per uDi t of product which usually accompanies low-capacity 

production. To the extent that the reduction of costs represents 

more economical use of fue 1, it is usually assoc ia ted wi th a 

reduction in labor reQuirements, accompanied as it may be by 

shorter burning time, better regulation of heat, and, therefore, 

a smaller proport ion of spoiled products and less handling of fuel. 

Increased use of power is probably indicative of some increase 

in expense when plants are not run at capaci ty, but it is also 

indicative of a greater use of power due to more mechanical 

handling and the like. 

While this sample of six plants cannot be said to measure the 

average trends incosts in the plants in the industry asa whole, 
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it is indicative of changes taking place in plants which were 

able to produce at approximately the same rate of productivity 

in 1935 as in 1925, a,lthough producing ata much lower percentage 

of capacity. To some extent it may represent the trend in those 
plants which are likely to win out in the competition for markets 

by lowering the major items of cost. 

The force of competition exertsa pressure toward reducing labor 

and fuel costs, both of which tend to reduce the man-hour ratio 
in the industry as a whole. To the extent, however, that this 

reduction of noi t costs is followed by reduction in price of 

brick and tile, the effect upon the industry may be to increase 

production, and therewith employment. 

SUMMARY 

The trend in the industry toward larger and fewer plants has 

persisted since 1889 and seems likely to continue. Large plants 

are capable of a greater degree of mechanization than small ones, 

so that a downward trend in the labor-requirement ratio in the 

plants, averaging 1.3 percent per year since 1889, has beenasso

ciated with increasing size. 48 

During periods of short duration the change in the man-hour 

ratio is determined so largely by changes in thecapacity utilized 

that the trend of improvement in productivity is Obscured. In 

order to measure changes in productivity, it therefore became 

necessary to compare years that are separated by the length of 

a major cycle of activity in the industry. 

When the brick and tile industry is increasing in activity, 

there is a marked decline in the man-hour ratio, but much of 

this is due to the increase in productivity which comes from a 

more economical use of the various factors of production arlslng 

'from a higher percentage utilization of capacity. While produc

tion isdeclining the man-hour ratio tends to rise. Any failure 

to rise during such a period may be taken as evidence of a poten

tial increase in productivi ty whie h will be evident when theplants 

are again operating at a relatively high percentage of capacity. 

48Th Is Is the annual average decrease between the termInal years 1889 and 1935. 
Ir the years 1889 and 1925 (both cyclical peak production years) had. been 
used, the average decrease would have been 1.8 percent. 
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Outside of the plants, also, the industry is characteriZed 

a steadily decreasing man-hour ratio with the possible except; by 

of distribution, about which little is known. on 

The effect of high wages after the World War was to incr 

the mechanization of the industry, especially wi th respec;a
se 

the handling and conveying operations which require much l'boto 

Likewise, the high cost of fuel tended toward a more ecaoom' r. 
use of fuel, resulting not only in reduction in the cost Ot ~cal 
but in a reduction in the labor costs associated with burni Uel 

ng. 
The relation of these changes in productivity to emp10Ym 

of labor will receive more consideration in chapter V. ent 



CHAPTER V 

ABSORPTION AND DISPLACEMENT OF LABOR IN THE 
BRICK AND TILE INDUSTRY 

The outstanding conclusion from the analysis in the previous 

chapters is that the brick and tile industry has been, and con

tinues to be, characterized by great instability of employment 

and that this instability has been increasing rather than de
creasing. It is the result of fluctuations in the consumption 

of brick and tile rather than of technological changes in its 

manufact ure. In fact, insofar as the compet i t ion from substi tute 

materials for construction has been an increasing factor in re
tarding the demand for brick, the cheapening of the product due 

to technological change has probably been a factor favorable 

to greater consumption and therefore to greater production and 

employment. 

ABSORPTION AND DISPLACB~NT OP LABOR 

An analYSis of the. changes in employment associated with tech

nological change may be broken down into three parts: the changes 

in employment which result from changes i9 (a) the volume of 

production, (bl productivity, and (c) employment in the machinery 

industries. 

Table 43 presents an analysis of the changes which took place 

in eight identical plants from 1926 to 1935- It will be noticed 

that the largest year-ta-year changes in man-hours are associated 

with changes in production. In 6 of the 9 years there were de
creases in production which reduced the man-hours utilized in the 

plants. In the other 3 years there were increases. The average 

. annual decrease due to the decline in production from 1928 to 1933 

was 182,000 man-hours, or 16 percent of the 1928 man-hours total 

for the eight plants. 

During the period 1926-35 the man-hour ratio remained relatively 

stable, fluctuating between a low of 8.51 in 1934 and a high of 

10.07 in 1935. In 5 ofthe6 yearsinwhich production declined 

the man-hour ratio rose, but the amount of its rise was relatively 

small so that the decline in man-hours due to the falling off in 

production was offset only to a small extent by the increase in 

the man-hour ratio due to decreased productivity. 

148 
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T •• I. 43:- YEAR-TO-YEAR NIT CHANaE! IN UTILIZATION or LABOR, 
BIIHT IDENTICAL IRICK AND TILE PLANTS, 1926-35' 

Production 
Year {millions of 

common_brick 
equi valents ) 

(1) 

1927 - 5 
1928 + 4 
1929 -20 
1930 + 5 

1931 -26 
1932 -26 
1933 -38 
1934 +39 
1935 -19 

aBase a on table A~30. 
*Less than 600. 

Change since previous year in _ 

Man_hours (thousands) 

Man-hour Due to changes in _ 
Total of 

ratio three produc- Man-hour Machin-
tion ratio ery factors 

(2) (3) (4). (5) 16 ) 

+0.53 - 42 + 64 -58 - 34 
-0·20 + 39 - 25 +48 + 82 
+0·28 -186 + 30 -17 -173 
-1.02 + 52 -113 -36 - 98 

-0.10 -226 - 8 +10 -225 
+0.16 -218 + 9 • -209 
+0·37 -332 + 8 -13 -337 
-0.50 +350 - 30 + 3 +323 
+1.56 -161 + 63 - 4 -102 

In only one of the years of declining production, 1931, was there 

any increase over the preceding year in the man-hours used in 
making machinery, and the increase in this year was much less 
than the decline of the previous year. 

The net result of these three factors was an average year-to-year 

decrease of 88.1 thousand man-hours per year during the period 

1926-35' This is the equivalent of '10 or more men in these eight 
plants. If, however, only the 5 years of generally declining 
production from 1929 to 1933 inclusive are considered, the de
crease averaged 208,000 man-hours per year, or more nearly 95 men 

per year. 

These eight plants are far from being representative of the 

industry. While production in the industry was falling off be

tween 1926 and 1928, these plants maintained their production; 
and while the production of brick and tile in 1935 was 23 per
cent of what it had been in 1927, for these plants it was 33 
percent of 1927 production. If data had been available for the 

industry as a whole for the period 1926-35, the average year-to
year net displacement of l~bor would probably have been greater 

proportionately and there would have been no net absorption in 
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any year prior to 1934.' As in these eight plants, by far the 

larger part of this displacement would have been brought about 

by a falling off in production. To what extent this displace

ment in plan t labor could have been avoided by decreasing the 

cost of production through technological improvements it is im

possible to say. 

I! similar data had been available for 1921-25, they would 

have shown a net absorption of labor due to increasing production2 

and increasing man-hours of employment in the machine industries 
in the face, however, of decreasing man-hours due to a reduction 

in the man-hour ratio. It is, of course, the absorption of labor 
in this period of cyclical expansion which laid the basis for 

some of the displacement in the following period. 

EPPECTS DP INSTALLATION DP MACHINERY 
UPON DISPLACEMENT DP LABOR 

The effects of the installation of machinery upon the displace

ment of labor were studied in 55 plants over the period 1920-35. 
Of the 2~4 reported installations of equipment, 39 percent dis
placed labor, while q8 percent were said to have had no direct 

effect on brick-plant employment and 13 percent added labor. 

Although 48 percent appeared to have had no effect upon the number 

of persons on the pay roll, the result of some of these instal
lations was no doubt to reduce waste, improve the quality of the 

bricks by better-regulated drying and burning, reduce the burning 

time, or to speed up product ion in some way. Thus a reduct ion in 
labor time per thousand brick might easily have been brought about 

without any reduction in the labor force. In other words, in 

place of reducing the labor force, the time of operation may have 
been reduced or more first-quality brick may have been produced 

in the same amount of labor time. 

The laborers affected by these installations were in the main 

unskilled or hand laborers. Of the men who were displaced, 90 

percent were in this class, and only 10 percent were machine 
operators. The effect of the high cost of unskilled labor on the 

mechanization of the industry is thus evident. 3 Some of this 

mechanization took place in the mining of the clay; some of it is 

l ThlS is postUlated on the facts that productIon In the Unl ted. States de
Clined each year from i926 to 19:3:3 and. Increased 1n the 2 follOWing years. 
whlle changes in the amount of machinery installed, "ere relatively small. 
2See tables 23 and A-19. 

3See chapter III. pp. 66-7 and Chapter IV. pp. 142-' for a d1scuss1on of 
1 abor costs. 
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seen in the automatic features of the soft-mud brick machine, 
and some in the handling e~uipment. 

Table A-31 presents the man-hours employed in producing the 

machinery which was installed in these 55 plants during the years 
1920-35, togetherwi th the number of plant workers ei ther displaced 

or added by this machinery. During the period 1920-35, 16~ men 
were displaced and 51 men added as a result of the installation of 

this machinery. Sixty-five percent of this displacement occurred 

during 6 years, 192~-29, years of relatively high production. 

These figures, however, tell us nothing about the increased 
capacity for production which may have resulted from the installa

tion of these machines or the decreased costs which may have 

resulted in increased sales from these particular plants. Towhat 

extent these improvements made possible more stable operation it 
is impossible to say, and towhat extent there was a transfer of 

production to these plants and away from other plants is also 

unknown. Some of the displacement of employment may have occurred 

in industries competing with brick and tile, or decreased costs 
may simply have prevented further displacement of brick and tile 
by other products. 

EPPECTS OP COSTS UPON EMPLOYMENT 

The nature of the industry is such that unit costs tend to rise 

with a fall in production. This characteristic, as has been 
pointed out, tends to cause the owners of brick and tile plants 
to shut down operation rather than to offer their products below 

cost of production. This keeps up the price in the face of a 
falling demand and further restricts production. Moreover, this 

characteristic of the industry causes the manufacturers of brick 
and tile to run their plants at capacity, if possible, in order 
to cut down costs. The surplus stocks are stored until sold, and 

in the meantime the plant is shut down except for the sale and 

delivery of bricks from storage, which requires only a few em

ployees. This tends to accentuate the fluctuations in employment. 

The capacity of the plants and the labor force necessary for 
their operation are much larger than needed to supply even peak 

production during peak years and many times larger than needed to 

supply production in other years. In depression years a force is 

maintained during periods of operation which is large enough to 

carryon the operation of the plant efficiently, but the number 
is far above that which would be re~uired if the same production 

\ 
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could be efticiently spread throughout the year. A plant is or

ganized to produce somany bricks aday, and to operate efficiently 
it must produce at th";t rate and also produce enough brick while in 

operation to till at least one kiln. It seems likely that large 

plants, because of their very great capacity, tind it even more 
difficult than smaller plants to operate continuously for any 
length of time. This is illustrated in figure 23, which shows 

the percentage of capacity utilized in the three size groups of 

plants during the years 1928-35. 

Labor cost has been an important factor in the mechanization of 
the plants. Until the war period unskilled labor was plentiful 

and in 191Lf. received on the average only 20 cents an hour. With 
the decline in immigration during ~he war and the restriction 

imposed by law after the war, the price of unskilled labor rose 

to between 40 and so cents an hour. There were at this time in 
the Hudson River Valley large plants in which large portions of 

the handling and conveying were still done by hand. The invention 

of the autobrick machine, combined with an automatic conveyor 

for the pallets, made the soft-mud process capable of almost 

complete mechanization. Theresulting reduction otcosts inso!t
mud brick was noticeable in the price of brick in the New York 
market, and it was accompanied by a much smaller decline in 

production for that market than the average decline for the 

United States. 

No reduction in cost of brick, however, is likely to effect the 
most important cause of the decline in consumption, the falling 

off in building construction. The major cycles in employment in 

the industry correspond with cycles in building activity, and 
until some stability can be achieved in this industry, employment 

in brick and tile must necessarily suffer severe fluctuations. 

Moreover, the fact that each boom brings into being larger and 
more efficient plants may make for greater intermittency of 

operation following boom periods. 

FUTURE EMPLOYMENT IN THE INDUSTRY 

The employment trend in the industry will probably continue 
downward because of the use of a variety of newer materials better 

suited to modern building construction. It has been seen, however, 

that bollow building tile and face brick were increasing in use 
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during the period 1909-25. Should the increase in product ion in 
these two branches continue its upward trend so that a new peak 

above the 1925 level is reached wi th the next boom in building ac

tivity, increased employment in the areas of western Pennsylvania 
and Ohio, where superior clay and cheap fuel give a competitive 
advantage, may be anticipated. The markets supplied would be 

1areely the city markets, and much would depend upon the abi li ty 

of the plants to supply the products at a price low enough to 

prevent displacement by competing building materials and to adapt 

the products to changing architectural demands. The Face Brick 

Association has been outstanding in the promotion of the use of 
face brick, and this work is likely to continue. There may be 

more use of glazing and special finishes which may increase the 

use of the product both for exterior and interior finish. 

The demand for Common brick, as well as for paving brick and 

drain tile, will probably continue a downward course so that many 
of the plants now idle will never open, and otbers may turn to 

a more diversified line of products. It is likely that large, 

mechanized common-brick plants within easy shipping distance of 
the city markets, where the demand for common brick is bound to 
COD t inue, will hold the ir own wi t h competing rna terials; but in 

the remainder of the country, high transportation costs of brick 

are likely to keep closed many of the small and high-cost plants, 

and other building materials may take the place of brick in 

localities at a distance from large markets. 

If the present movement in the direction of higher wages and 

greater security of income for wage earners persists, as it seems 

likely to do, the effect would be to raise costs proportionately 

more in the smaller, less mechanized plants and so change the 

competitive relations both with the products of other brick and 

tile plants and with other building materials. The result would 

be, as it has probably been in the past, the closing of the less 

mechanized plants. 

I! the cit ies at tached to met ropoli tan centers cont i nue to grow. 

as they now seem likely to do, the demand for brick and tile will 

certainly continue, but it will probably center on face brick 

and building tile. 

C,III •• t ••• S •••••• I 'la.ta,tt ••• 

The major cycles in the industry are also likely to continue 

unless a change is brought about in the cyclical activity of 
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building construction. 
extent to fill in the 
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Government construction may help tosome 

gaps left by depression in private con-
struction, but it would be necessary that this take the form of 
public ~ildings in' order to create much employment inthe brick 

and tile industry. Public slum clearance and public-housing 

schemes might do much to create employment in the industry and 

to stabilize employment. The stabilization of employment I1just 

most certainly wait for the solution of the problem of stabili

zation of building construction. Until the building industry 

is so organized that year-ta-year needs for new construction are 
supplied annually and not left to cumulate, the greatest employ

ment problems in the brick and tile industry will also remain 

unsolved. 

Seasonal employment is affected by the factor of the weather 

militating against continuous operation and also by seasonal 
demand in the building industry. Probably all the large plants 
today could be run 12 months of the year, though this might re

quire storing the clay for a few weeks or blasting the clay in 

certain winter months. For the past 10 years the fluctuations 

in demand have certainly been an outstanding factor in tbe sea

sonal operation of the plants. in city construction there tend 

to be spring and fall seasons of building which lead to a certain 

amount of seasonality in production and employment in the plants. 

An examinat ion of plant seasonals in recent years, however, shows 
great irregularity due doubtless to the existence of a capacity 

several times greater than the existing demand. When an order 

comes in that cannot be filled from stock, the plants operate to 

the capacity of the brick machine and kiln and then shut down 

until that stock is nearing exhaustion. Only as plant capacity 
becomes more adjusted to demand will the seasonal fluctuations 
cease to be so erratic and so great. 

Since the industry seems always to be in a state of contraction 
or expansion, there can be little stability in any adjustment. 

There arestill many small plants that operate only in summer and 

fill a local demand, but as far as the total production in the 

industry isconcerned, these are of relatively minor significance. 

MID-Yllrl af Wark Sa,plt,. by t~, Brtat ID. Till ,llntl 

An attempt has been made to estimate the average length of the 

full-time working year and by means of this and the annual pro

duction to make a rough estimate of the number of jobs that the 
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industry offers, assuming that an average man-year is equivalent 
to an average job. If 6 weeks are allowed for necessary shut

downs and holidays in 1925. then ~6 weeks can be considered as 
the average length of the working year. The normal orfull-.time 

working week in 1925 was approximately 53 hours in length. Ad

justing the normal week by a lo-percent reduction in order to 

approximate the actual hours worked gives a man-year of 2 • .200 

hours. Looked at in terms of income, this average job furnished 

an income of approximately $1.100 in 1925. In 1935. with the 

decrease in the number of hours worked per week. the average 

number of hours per job per year was approximately 1.700. which 

would afford an income of around $700 when the fall in wages is 

also cons idered. 4 The number of these jobs was approximately 

631000 in 1925 and 19.000 in 1935. To what extent the number 

of jobs so estimated was in fact divided among a greater nUmber 
of men because of part-time work is unknown. 

From similar data an estimate was made of the number of rnan

years required to produce a million brick in different years. 

While it took 1~.7 man-years toproduce a million brick in 1869. 

this had decreased to 5.7 in 1909 and further to ~.1 by 1925. 

In the depression this rose to 6.0 because of the increase in 
the man-hour ratio and the decrease in the number of hours in 

the working year. 6 

Looked at differently. 50 men. a rather typical plant force 

before the depression. would have produced on the average 3.~ 

million brick in 1869. 8.8 million in 1909. and 12.2 million in 

1925. while in 1933 they would have produced only 8.3 million. 

The question naturally arises as to how many man-years of em

ployment we may expect the brick and tile plants to offer to 

workers when the industry will have resumed more normal production. 

Past experience shows that when t hat time arrives several factors 

will combine to bring about an increase in the productivity of 

the brick and tile plants: 1,) The increase in the capacity 

utilized in the individual plants making fora better utilization 

of plant facilities and labor; 12) a more than proportional in

crease in production in some of the large plants with the lowest 

man-hour ratios. which have either been shut down or are rUnning 
at lower production levels than other plants; 13) the large field 

4Average hourly earnings on whiCh these estimates are based were Obta1ned 
trom the plant reports of the NRP-NBER field survey. 
5These estimates and those that follow include only the labor otwage earners 
1n the plant and exclude that or of rice workers. , 
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still available for installation of technological improvements; 

and (4) the characteristic of the industry of adding improved 

equipment during peri,ods of high production. If it is assumed 

that with th~ resumption of activity the average length of the 

working year has increased to 47 weeks because of t he closing 

down of most of the smaller summer plants and that a 'Io-hour 

week has become the normal full-time working week, then allowing 

10 percent for interrupt ions, the actual hours worked per employee 

per year would average around 1,690. Then if the assumption is 

also made that productivity improves at the same rate as it did 

between 1919 and 1925, the average man-hour ratio might be 7.4 

man-hours at t he peak of produc t ion, and t he man-years per million 

brick might be 4.4. The period 1919-25 was chosen as corresponding 

to this future period of revival and prosperity since they were 

years when the industry was expanding its production after a 

depressed period. If product ion at its height can be assumed to 

have returned to its 1929 level, the industry would be offering 

approximately 55,000 jobs for wage earners in the plants. These 

would be in larger plants than were operating in 1925, and they 

would be more concentrated in the neighborhood of metropolitan 

areas and in the localities having the better deposits of clay. 

The plants would probably produce a larger proportion of face 

brick and hollow building tile than in the twenties, and their 

products would be more diversified. 

The present defiCiency in housing, the Government housing pro

gram, theconservativeness of the consumers of building materials 
coupled with the present building codes favoring brick, and the 

trend of population toward communities located within commuting 

distances from metropolitan centers make it seem likely that 

the brick and tile industry is due to return to a certain degree 

of activity which will absorb workers into the industry but at 

a slower rate than the increase in production. 
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Except as credited to another source, all data presented in the 
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STATISTICAL DATA 

Tabla A-I. - ANALYSIS OP SAMPLE OP BRICK ~D TILE PLAHTS: 
COMMON-BRICK PRODUCTION, BY REB ION, 1919-31" 

(Til •••••••• f "rick) 

R"~lon 1~19 "" "" 1927 1931 

Su'ph 
universe 

=_ _... _... __ _._, __ ' •. '00 
4.7~1.S81 4.447.007 7.282.181 'I.~1,301 7.000.004 0.OO~,309 2,314.004 

S •• ple •• p.,r~"nt 
of unlv"r~a ~.8 ~.4 11.6 13.1 12,1 L2.~ 10.8 

ReQlon ! _ 1'1"" YO~k and 
/i"" Jerse)l 

SB.,ple 

S ... p1 .. u p .. rcent 

of uni~erse 

Re~lon II _ .. ",nn'yhanl. 
S .... p1 .. 

unlV"r~" 

"."r1e .'" percent 
of un(ve .... 

ReQton HI _ Ohio 
S."l'le 
Univere .. 

S."I'I" .s pel"C"lIt 
of unlvers .. 

In<l13M, and 
<lisconsln 

S .... pl .... p .... c .... t 
of universe 

R"~lon V _ Huyhnd, 

ViriinU, North 
Carollna, "nd 

3&>'pl" 
Unlv ....... 

ReQlon VI _ Flor1da, 
Jeor,a. "d Alab ••• 

S •• ple 

of unlv"r ... 

Reliion VI! _ Iowa, 
II"OI"".lf •• I(an".s, 
HI •• oUrl, (llthh"., .. , 
and T .. ~ .. ~ 

Saaple 

S ... ph as percent 
of unlvu-se 

Heflen \flU - California 

S ... ,le ". perceflt 
of U"'~er"e 

Re.lan IX _ All atllt .. _ 

i:l."ple 

Suplt a~ percent 

11'1.403 
092.711:1 

4&:1.144 

o 

e.71l4 

293.707 

32.4 

268.104 

o 

2.404 
~2?, ~48 

o 
12~,8112 

o 

o 
1,101\.120 

31.770 09.98f1 78.341 92.8CJe 1'ItI.739 
811.836 1,20/.>.142 1.303.7'14 1.0:14.888 1.011.270 

3.9 4.e 0.8 e.o e.e 

29.029 42,'Ie~ 7~.7eO 7::1.384 

362.138 1'139.070 ~92.~42 IKlS.e30 419.4118 

0.69f1 
21l7.S77 

8.727 

3M. 278 

e.749 
3e9. ~ll 

, .. 
14. II 

24.!I:il9 
300.090 

19.0 

20.297 
260,411 

,., 

104.M2 01'1.949 732.840 010.898 333.eS9 
673,002 1.4112.4IH 1.'101I,2~2 1.494.600< 1.020.414 

31. ?42 
411'1.mn 

, .. 
o 

283.347 

o 
192.214 

41.4 

93.00-1 
7211.261 

12.8 

30.181 
3M~,122 

,. , 

7.44:1 

597.82'1 

o 

42.9 

~.331 

e83.99? 

12. Ii 

29.9'1? 

430,8~ 

13,338 
6?8.ese 

o 
429.032 

"., 32.7 

28.482 27.01'1 
32'1.3?2~ 310,149 

14,O2!l~ ?0.917 

33'1.4!16! 041.1124 

4.2 13.1 

o 
324 207 

o 

o 
287.971 

o 

o () 2.S71 
940.092 1,3?e.17:1 1.313,'101 1.~9,778 1,080.,ne 

o 

-Data ror unlnrae fro. C'~'IU of "BItIO/OCt".,..s. 
Dlfleludu II, 114~. 000 co .. cn-Drlek equIvalents. 

e'xeludu WI~cOnllln. 
d.J;XC1~d~S Horld&. 

:cenllUlI r~por:~ no produet"!i: ellta0l1shMnt8 In rlorldll for thl. lelil'. 
·IflClUd~s HI8~Jur' and Te:r1l9 onu. 

158 

80.344 
736,240 

w.o 

17.:1 

3.1'1l 
86.6:10 

19.1'1118 
187.4&7 

10. II 

~.302 

232.501'1 

11.763 
101\.647" 

11.0 

38.998 
216,640 

18.0 

8.Slg 

~ ,'" 
o. , 

0.' 
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T •• I. A-2.- ANALYSIS OP SAMPLE DP BRICK AND TILE PLANTS: 
PACE-BRICK PRDDUCTIDN, BY RESIDN, 1919-31" 

(Th ••••••• .1 hlok) 

ReQ.on 1919 1921 1923 192:i 1927 1929 1931 

United St~te~ 

S ... .,ph 15. ttll 15,::;81 75.329 164,562 '" 222 170,092 1.\2,333 
Gnlve.- .. " ?91,oeS 873.346 1. 931. '" 2,4'4.690 2.<112. "" 2,139.408 00' '" S""'1'1" .. percent 

of univef'S" ~·O LO ,., ,., ,. , '.0 ,., 
Re~ Ion , 

S"Mple 0 0 0 0 0 0 0 
Universe 27.320 30,36" 37,752 26.537~ 21, 995 0 21,937~ 2.00::; 1;1 

Sa"'ple .. percent 
of universe 0 0 0 0 0 0 0 

R"rilen U 

S.u.ple 0 0 0 ll6.2:ie 27,lC-e 14,136 
Unlver~e 190,309 223. '?"Oe 468.910 5&7.M:i :593. m 466,222 no. m 
Sample .. percent 

of uni"''''-'''' 0 0 '" '.0 O. , 

R .. ~jon lU 

Sallple 0 0 0 24.:199 34,6-n 7.477 
lJnl .. er~ .. 14e,747 181.5"9 ." " . 579,198 567.882 500.692 Ue,162 
S .... ple "' percent 

of universe 0 0 0 .., 
'" , .. 

Rell ion " Sample 8,233 H;,489 56.012 58.940 60, 3'7~ 72,534 ~e. 610 
Uni~e~~e 176.354 '" '" 395.0aO :500, e84 414,033

0 
357.45::0 130. 1ge' 

S""'l'le 3"> percent 
of \Jn1~"rse ... ,. , 14.2 11.8 14.13 20. J 20. " 

Rei l<tTl , 
Sa .. p!,. 0 0 0 0 0 0 
U";V~_~$,,<1 11. 533 23.286 90,623 131l.598 128,0:"13 114, '718 36,979 0 

5""p1 .. " percent 

" ur,lver"e 0 0 0 0 0 0 

•. e.ion VII! 

S""'pl .. 7 .22B " 7.433 :2. Ilv!; 0 22,827 8,?V5 

UnIverse 117,191 102.887 193.941 258, ~:5<.1 ltll, '" 252.878 99.907 
S""p1'! .. percent 

" universe '" O. , ,. , LO 0 '.0 e. " 

Re~ion VIII 

Sa",ple 0 0 0 0 0 0 
Unlverse 7, 1188 14.167 26. M4 34.183 22.266 17,479 3.274 

Sar'ph .. percent 
of uni"ers~ 0 0 0 0 0 0 0 

R"'i/l on ", 
S~"ple 0 0 11, 884 103.017 9,192 12,948 5.405 
Universe 1011.926 128,756 221,72.1 350, $179 519,433 <lCB.340 'Of .91 B 

S""p1" .. percent 
of Uni'l"rse 0 0 , .. 29.4. '" 

,. , ,. " 

~.t' tor universe tr,* C,~"" r>f NfHtufoctufe$. See table A-I tor States lllcl\Hled In ucl1 reglol). 
bllew Jersey only. 

CEXC1Udts WisconSIIl. 

d.Ha.:-YlaDd. Includ.ed In Negion ll; cen.eWl reports no proouclng establishMentS In Vlrglnll and North 
CarOlina for 19lQ and 192.1. 

"Excludes tennessee. 
tliebraSita Included In RegIOn IX: hllaas, I olila , and OklahoN ncludea In 192'7. 

'Innuats RegIon VI. 
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Tabl. A-3.- ANALYSIS OF SAMPLE OP BRICK AND TIL! PLANTS: 
VITRIPIED-BRICK PRODUCTION. BY RESION, 1918-29" 

(thou.I.i. If brick) 

Region 1919 1921 1923 1925 1927b 1929 

Uni ted States 

Sample 8,670 8,537 14,388 1.269 9:S,lB2 80,306 
Universe 489.242 !:i61.946 699,269 539.101 40:S, B12 367,6:50 
Sample os percent 

of universe 1.8 1." 2.1 0.2 23.0 21.8 

Region II 

Sample 0 0 0 0 29.844 18,e6e 
Universe 66,204 8:5,848 80,262 5'7.363<: 48.643 44.080 
Sample as percent 

of universe 0 0 0 0 61.4 42·8 

Region III 
. 

Sample 0 0 0 0 60.456 49,28:5 
Universe 125.491 191.185 185.21:5 158,068 109.807 136.194 
Sample os percent 

of universe 0 0 0 0 :55.1 36.2 

Region nil 
Sample 0 0 0 0 0 3.97'7 

universe 88",-244 97.446 126.494 '77,907 46,841 31,M4 
Sample as percent 

of universe 0 0 0 0 0 12.6 

Region VUe 

Sample 0 0 0 0 0 0 
Universe 32.001 47. :574 64,132 4'7,908 36,9ee 14,412 
Sample os percent 

of universe 0 0 0 0 0 0 

Region IX' 

Sample 8,670 B. !S37 14. S6B 1.269 4,882 8.17B 
Universe 176,342 139,893 243,166 197,M5 163.555 141. 300 
Sample ., peroent 

of universe '.9 e.l ".9 o.e 3.0 ".8 

a Data tor unIverse trOlll C'1ISV3 of }j,lr .. vfact ..... 's. see table A-1 tor States InCluded In each 
regton. 
00ata ror unIverse are for 'vavlng tH'lelt. onlY, 
crnC!Udes 'vltrlr1ed paVing brick' Dnly. Data tor -other vav!ng brick' Included In census 
class.1tlcatlon .other States' to avoid d1scloslng data for 1ndlv1dual establ1shJlents, 
d,nd1lnl Include<:1 1n Regton IX, NO prOductIon reported for Wisconsin by census, 
eKansas only; all other States are InclUded In RegIon IX. 
tInclUdes Regions 1. V. VI, and VIII, 
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T.~II A-4.- ANALYSIS DP SAMPLE DPBBICK AND TILE PLANTS: 
KDLLDW-BUILDIN8-TILE PRODUCTION, BY REB ION, 19I5-31" 

(TI .. ) 

Re,loll. l1UIiI~ 1~1~ 11128 " .. 182'1 "" Ig31 

1J:n1t..d St..~ •• 

sa.ph 1.'1311 '.- 2.034 2,8ve ",075 216.211'8 1oI0.3U 
1J:nl"., ..... 2,3211,81' 2,017,543 3.3Je,3 .. e 3,8lB,IMUI 3,eoS.IIUI 3,317.8211 1.&10.2,5.( 
S •• ple a. pereeDt. 

of un!"., .... O. , 0.' o. , o. , '" ••• • •• 
ReliloD I 

S •• ple 0 0 0 0 0 0 0 
UnIY"ra" 184.'1811 215,005 361.30a -(136.7215 4!1e.2~ 1114.06<1 2g3,OllS 
Sa.ph .11 pe .. ""n,. 

ot Wll" ..... 0 0 0 0 0 0 0 

RII,loa Xl 

S •• ple 0 0 0 0 " " U 
Unl ... ., .. e. 170, "80 UIiI,847 211.98& 14ft. 7'72 21M. Ill? 2!!2.1554 IOIil.707 
S •• ple •• p ... " ... t 

of unl".rll. 0 0 0 0 • • . 
Re.10D III 

Sa-.ploo. 0 0 0 0 '" 3.182 1,4.1.'7 
Un'\vII .. II' M4,?0&4 1500.63'1 1.0&1,&$2 1,190.131 1. 133, liIel 746.052 aW.I!!! 
Sa"P1e .11 p"rcent 

ot _h'e .... 0 0 0 0 . 0.' 0.' 

AII.ion IV'" 

S •• ple 0 0 0 0 0 lotl,913 27,geQ 

Un1'O'" ..... 4117.030 S40.BW1 "ee, 183 ~l.82e 15111,511 511,519 187.220 
Sallpl ••• p.reell.\ 

ot Wl1",. .... 0 0 0 0 0 20.1i1 1 •. II! 

Re.lon Vll 

S •• pIe 1,73; '.'" 2.03" 2.8Qe 3.821 81.~HI ;~.371 

Ur>ITer,e "83.7824 314.3884 ~.332 e26.7~1 634 •• e~ 698.890 2"7.8""-
sa.pte •• p.ere .... t 

or WI! ... " ... e O •• 0.3 0.3 0.' 0" ". , 39.:1 

Re,lon VIII 

Sa.pIe 0 0 0 0 0 0 0 
Unl ... lIrse 64.1&8 73.828 10O.M7 8li.30; ... ooe 81.,,7li 01. ;72 
S •• ple •• percent 

01 WlIT"ne 0 0 0 0 0 0 0 

a.,loo IX' 
S •• pb 0 0 0 0 0 a8,eea 1:1.:1.152 
UniTer,e 288.428 2ee.~ 1!Oe.3g2 e81."e8 ,,~,\Jga 81li.67:; 3li7, 337 

S •• pIe .a p"rcllnt 
or Wl.ITera .. 0 0 0 0 0 ..3 ... 

aoat. tor universe tro. Cu,~W: oj KClftfl,ja.etlWu: unlTeru Incluclu -p.rtl tlon. load bearing, furring, 
and book ttl". 0011'. SU table A.-I tor States Inclu<1~d In eaeh raslon. 
bData tor universe are tor all _hollow bullcllnc tll .. or block._ 
CWlseonSln Incluclecl III Rellon II. 

dcenllulI reportll DO prodUCing .aUbl1ahJI.nta In Oktaho". 
"Ilcludes OUaho ... 
tInclUdU Mllonl! V .net VI. 

'L,as tllan 0.05 percent. 
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T •• I. A-I.- ANALYSIS DP SAMPL. OP IRICK AND TILl PLANTI: 
DRAIN-TILl PRDDVCTIOI. IY RIBIDN, 1818-186 

(T"') 

Haltion lQU , .. , 1923 , ... 1927 , .... 
United States 

Sa"ple 24.'7151 23,217 24,8024 19,70& 29,284 44,228 
Universe 1,241,1158 ~e,313 U6,e..O &eO,673 734,392 B08.~l 

S."ple a. pereebt. 
of \llIiverse •. 0 ••• '.0 3.0 '.0 0 .• 

RefiOD III 

Sal!ple 0 0 0 0 0 0 
Universe 2415,169 25e,333 US8."86 201,7"8 lQ'1,97. 271,7ge 
S •• ple •• percent. 

of IlDIYerse 0 0 0 0 0 0 

ReQion IV tI 

Sa.ple 0 0 0 0 3,178 3.412 
Universe 403,5:;" 231,2415 1&0,612 210,103 232.eaa 262,834 
S •• ple a. percent 

of un.l,'\"erae 0 0 0 0 1., 1.' 
Refion VIle 

Sallple 24,7151 23,21'7 Z4,e24 19.7015 ae,loe as.sea 
Universe 33~S87 2159,15.54 173,1578 119.993 176,404 200,22. 
S."ple as percent. 

of universe ••• B .• 106.2 Ie." 14.8 UI." 

Reglon ltd 

Sallple 0 0 0 0 0 '.-Universe 21515.Be9 219,190 112.ge6 129,829 12'1,332 133. fle7 
S •• ple as percent 

of unlyerse 0 0 0 0 0 1.' 
"Dat-. tor UlIIYUU trOll Ceu"" 01 "''''''ClCt".,.U. a .. tablt 1.-1 lor But .. Incll¥l.ct In each 
re,lon. 
bw15conaUli 111clucl.a 1111 R.,loD 11. 
c Iowa onl,.: otblr Statu lnel",.'d. I'D U,IOD lX. 
"IncludU U,lOM I. 11. Y. n. anO fill. 
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T.\I. A-S.- ANALYSIS DP SAMPLE Dr BRICK AND TILE PLANTS: 
PERCENTAGE DISTRIBUTION DP COMMON-BRICK PRDDUCTIDN 

BY REBIDN, 1919-31' 

Region 
Year 

I II III IV V VI VII VIII 

1919 

Sample 5.9 0 2.4 86.5 4.3 0 0.9 0 
Universe 14.6 9.5 6.2 15.6 11.4 5.6 11.1 2.7 

1921 

Sample 13.3 0 2.8 68.B 13.3 0 1.8 0 
Universe 1B.3 B.1 5.8 15.1 11. 2 6.4 9.5 4.3 

1923 

Sample 7.1 3.5 1.0 72.9 11.0 3.6 0.9 0 
Universe 17.8 8.8 4.9 20.4 10.0 5.1 8.2 5.9 

1925 

Sample 7.9 4.3 0.9 73.9 B.6 3.0 1.4 0 
Universe 17.9 7.B 4.9 22.6 9.0 5.7 9.0 5.7 

1927 

Sample 10.9 8.9 2.9 60.3 11.8 3.3 1. eb 0 
Universe 22.0 7.2 4.3 21.1 c 9.3 4.ed. 4.Se 4.6 

1929 

Sample 9.6 11.5 2.9 4B.2 13.6 3.9 10.3 0 
Universe 16.4 7.6 4.7 18.6 10.4 5.6 9.9 5.2 

1931 

Sample 32.2 11.4 1.3 7.9 22.6 4.7 1:5.7 3'.5 
Universe 31.8 7.0 3.7 8.1 10.0 4.6' 9.4 4.1 

IX 

0 
23.3 

0 
21. 3 

0 
18.9 

0 
17.4 

0.3 
22.1 

0 
19.6 

0.7 
21.3 

acomputed trom table A-1. 1927 sample data tor United States include 9.945.000 
common-brIck. equivalents. See table A-I tor States InclUded In each regIon. 

brncludes 9.945,000 cOlTllIlon-brlck equIvalents. 
cEXC lUdes 1,.1 lac OIlS In. 
dExcludes FlorIda. 
e InclUdes Missouri and Texas only. 
tCensus reports no prCX1uclng establIshments In florida tor this year. 
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T.~I. A·7.· ANA~YBI8 OP BAMPLI or BRICK AND TI~B '~ANT': 
.JRCINTA •• DISTRIIUTIDN DF PACE·BRICK PRODUCTIDN 

BY RsalDN, I1I9'U" 

Cu •• t •• II •••• = 100 p.,e •• t) 

Region 
Year 

Vb VIle IX' I II III IV VIII 

1919 

sample 0 0 0 5S. S 0 46.7 0 0 
Universe S.4 24.1 18.8 22.5 1.5 14.8 1.0 lS.9 

1921 

sample 0 0 0 99.4 0 0.6 0 0 
Universe S.6 26.8 20.8 19. S 2.7 11.8 1.8 14.7 

1925 

Sample 0 0 0 74.S 0 9.9 0 15.8 
Universe 2.0 24.S 25.7 20.4 4.7 10.0 1.4 11.6 

1925 

sample 0 0 0 S5.8 0 1.8 0 82.8 
Universe 1.1 e 2S.7 2S.4 20.2 5.5 10.5 1.4 14.2 

1927 

sample 0 2S.1 20.0 49.4 0 0 0 7.6 
Universe 0.9' 24.8 2S.5 '17.2 r 6.3 8.1 0.9 21. 6 

1929 

Sam.ple 0 15.9 20.4 42.7 0 13.4 0 7.8 
Universe 1.0 e 21.8 23.4 18.7 5.4 11.8 0.8 19.1 

1931 

Sample 0 22.7 12.0 42.7 0 13.9 0 8.7 
Universe 0.2 8 2S 3 24.1 14.4' 4.1' 11.1 0.4 22.4 

8CQtIlPuted. froJ! table A-2. See table A.-1 ror States 1ncluded In each regIon. 
bHarYland. included In RegIon IX; census reports no producing establIshments 
In Vlrgt~la and North carolinA ror 1919 and 1921. 
CNebraska included In Region IX: Kansas, Iowa, and oltlaholla excluded In lQ27. 

drnC!UdeS Region VI. 
eNew Jersey only. 
fExclude, Wiscons1n. 
Sgxeludes renDG8see. 
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T •• I. A-I.- AHALYSIS or SAMPLB or IRICK AHD TILl PLAHTS: 
PBRCINTA.I DISTRIIUTIOH or VITRlrIED-BRICK PRODUCTIOH 

BY R1810N, 19I5-2s" 

(Valto' St.t •• ~ tao ,erleat) 

Region 
year 

IV" VIle IX" II III 

1919 

Sample 0 0 0 0 100.0 
universe 13.5 25.7 18.0 6.7 36.1 

1921 

Sample 0 0 0 0 100.0 
Universe 15.3 34.0 17.3 8.5 24.9 

1923 

Sample 0 0 0 0 100.0 
Universe 11.5 26.5 18.1 9.1 34.8 

1925 

Sample 0 0 0 0 100.0 
universe 10. ee 29.3 14.5 8.9 36.7 

1927 

Sample 31.4 63.5 0 0 5.1 
Universet' 12.0 27.1 11. 5 9.1 40.3 

1929 

Sample 23.5 61.4 4.9 0 10.2 
Universe 12.0 37.1 8.6 3.9 38.4 

8COtrlDuted trom table A-3. See taOle A-1 tor States included Ineach region. 
Dlndlana IncluGed 1n Regton IX. No productIon reported tor wisconsin by 
Census. 
cKansas only: all other States are Included In Regton IX. 
drnCluaes Regions I. V. VI. and VIII. 
elncludes 'vltr1rled paving brick.- onlY. Data tor 'other paving brick
Incl).lded In census classHlcatlon lother States' to avoid disclosing data 
tor individual establIshments. 
t Data tor un1verse are lor -pavIng brICk- only. 
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T •• I. A-a.- ANALYSIS OP SAMPLB OP BRICK AND TILE PLAHTS: 
PIRCINTAII DISTRIBUTION or HOLLDW-IUILDINI-TILI PRODUCTION 

IY RElION, 1818-31& 

Region 
Year 

IVb IXe I II III VII VIII 

1919 

Sample 0 0 0 0 100.0 0 0 
Unlversed. 8.4 7.6 28.5 20.0 20.8" 2.3 12.4 

1921 

Sample 0 0 0 0 100.0 0 0 
Universe c1 10.6 6.3 32.2 16.9 15.6" 3.7 14.7 

1923 

Sample 0 0 0 0 100.0 0 0 
Universe 10.8 6.4 32.6 14.1 17.7 3.2 15.2 

1925 

Sample 0 0 0 0 100.0 0 0 
Universe 11.5 6.4, 30.9 14.7 16.4 2.2 17.9 

1927 

Sample 0 0.5 5.7 0 93.8 0 0 
Universe 12.7 7.4 31.4 17.2 14.8 2.7 13.8 

1929 

Sample 0 • 1.5 49.0 37.3 0 12.2 
Universe 15.5 7.6 22.4 15.4 18.0 2.5 18.6 

1931 

Sample 0 • 1.0 19.9 6e.0 0 11.1 
Universe 17.8 6.7 24.2 11.4 15.0' 3.2 21. 7 

·computed. trom table A-4, Universe Includes IIpartit1on, load bear1ng, rUrrlng. 
and book tile' only. See table A-I tor Btates 1ncluded In each region. 
bWlsconsln Included In Region II. 
cInc!UdeS Regions V and. ~I. 
dDaes ar~ tor all -hollow bU1lding tile or block.~ 
eCensus reports no producing establ1shments In Oklahoma. 
tE%cIUdes Oklahoma. 
*Less than 0.05 percent. 



APPENDIX A 167 

T •• I. A-1D.- ANALYSIS OP SAMPLE OP BRICK AND TILl 'LANTI: 
PBRC!NTAI! DISTRIBUTION or DRAIN-TILl PRODUCTION 

BY RElION, 1111-29" 

(Ualt •• Itat •• = JDD ,Ir ••• ') 

Region 
year 

IV· VIIc III 

1919 

Sample 0 0 100.0 
Universe 19.8 32.5 27.1 

1921 
Sample 0 0 100.0 
Universe 26.3 23.7 27.6 

1923 
Sample 0 0 100.0 
Universe 27.4 26.1 28.2 

1925 
Sample 0 0 100.0 
Universe 30.15 31. 8 18.2 

1927 
Sample 0 10.9 89.1 
universe 27.0 31. 7 24.0 

1929 
Sample 0 7.7 87.9 
universe 31. 7 29.4 23.3 

IX· 

0 
20.6 

0 
22.4 

0 
18.3 

0 
19.5 

0 
17.3 

4.4 
15.6 

"Computed trom table i-5. See table A-l tor States included. in each region. 
bWlsconsln included In Region IX. 
crowl. only; other States included in RegIon IX. 
dlnCludes RegIons It II. V. VI, and VIII. 
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To'i. A-II.- ANALYSIS OF SAMPLE OP IRICK AND TILE PLANTS: 
NUMBER OF ESTABLISHMENTS, MAN-HOURS, AND PRODUCTION 

1125- 35' 

Mu .. ber of '-n_hour. D ProduetiQZI r_ll11ons 
You,r est.ablish-ltUlt. (tholUlan<isJ of cOlllllon_brlck 

equl".lerl"t.. )c 

1>1 121 131 .". 
Sa"'ple " '1,730 1.203 
Unlv~rll. 1.~2a .13')'.32'1 Ui.2i13 

"'" S",pl!! " "."'~" 1,2:11 
Unh'erae 1.3~ 129.077 14.802 . ." 

S ... ple OS 10.400 .1,2'10 
UnlyeTSe 1.307 111,0:;6 12,67'7 

"'" S."p.le .. 3.a:lS ... 
Unl .. ers. "'" :32. :;4:1 3.3:12 

"Data tor'unl"erse Cr_ C • ..., .. oj 1kJ"./actvr.s, ,.ll11res refl!r toeatabl1.~nta _bou .Jor procluct 
Is one or tbe tin spec1rted products or the briek and ttle Industry. 

bnl\lru tor un~ver.e represent total estl .. U(I MD-hour! utUtzed In the prO<luctlon or all prOducts 
111 the plants "tlClse _lor prO<luct 18 briek and tlle luld lienee dUrer [ro., the .. n-boun utlllr;ed In 
the prOC!uetlon ()f all brltlt and tHe "tier-ever- pr-Od.uted ror- theae I&.~ year-so For JDethOd. lllIed 111 
utl"atlnl "n-hours •• ee appendix B, section on "t.CIJl8ted E"plo:fJllent and Mn-hou" In BriCk and 
tHe !1anuruturlnl.· 

t:'lluru for- universe repruent prOduction In those plants onl1 .hose _30r product Is one or the (lve 
.pet load and hence dlthr Iro" Olurea tor total production or all brltlr. and tue tor thue year8. 
The,. "en converte<:l Into eo .. on-brl~ eqUivalents 1>1 lRana or tbe converalon ractors tn table A-12. 
The value or tbat par-t or tbe proouttlOn In eaeb aroup or plants "bteh "ase'oncerned with "lnor produCtlll 
(Dot tM _Jor prOduct) "IS convened Into eQUivalent units or the _lor product on the baais or value. 

Produot. 

COIIAon briCk 

'ace briek ll 

Vltrln.d brick 

Hollow bu1ldinlt 
tlle e 

Tobl. A-12.- PACTORS FOR CONVERSION INTO 
COHMON-BRIC~ &DUIVALENTS' 

r.ar ConTer"lon 
factor 

ProdUCt rear 

- 1.000 Hollow bulldlnll .. '" 
t.llee_Co". 1905 

If!e9-19lt ..... '00' 
HH2 1.901 .007 
1913 1. S4~ .00. 
1914 1.791 

191" 1. 739 '00' 
191e 1.Ml8 1910 
101'1 1. e39 1911 
1918 1 . .5ln 1912 

1919-3~ 1 . .54~ 1913 

1Se9_1918 1.800 1914 
1919-3:i 1.93e 1911:'> 

191e 
1917 

1889-99 LOOO 1918 
1000 0.980 1919-3~ 

1901 O. geo 

"" 0.939 Ordn tn. 1~9-1918 

.003 0.919 1919-35 

CQnver"loli 
ract.or 

0.899 
0.878 
0.8~8 

0.83'7 
0.81'7 

0.797 
o.ne 
o.'1~e 

O. ?3~ 
O.'11:i 

0.09~ 

0.0'14 
o.e~ 

0.e33 
0.013 
0 • .593 

0.011.5 
0.00'1 

-'or _thod or eOllllputatlon aM sourcu s~. alJptn41:1: I, leetlon OD. -Cony.reIGn or C,ne.,. PJ"OC!:uc.tiOil 
Data Into Co.on-Brlck EquIvalents." 
t)BeCaule or a rapid shirt In averale value relatl'ft to to .. on brJclr. troa 1911 to 19HI. annual con_ 
"'ralon rae tors han Oeen geOllletrlcally Interpolated b.t"een the conversIon ractora tor ttl. parlOda 
18e9-1g11 and Ig19-35 In ordotr to r~n.et tbe traneltlon to a lower r~latlve 'falue. 
eOleaUi!l1 ora gradual change In average valu. rnatlv. toeo .. on brick fro. !egg to Ig19, annual COll_ 
Yeralon ractors NV. Offn Interpola~ed 0lI a IItralpt-l1ne tlasts b~t"e.n 1898 and. 1819 tn ord.r to 
renect tM tranaltlon to a lo"~r relative Vll\l~. 
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T.~I. l-13.- INDEXES DP PRODUCTION OF BRICK AND TILE PRODUCts 
1894-1935" 

(1922-29=100) 

Tot~l 

Face brick Vi trl ned brick 
Hollow 

buildinQ tHee DraIn ti led 
prcductlon 

'''O,"Mon_brick 
"!lulv"l .. nt~ I D 

Te&r~cccc=;cc~-e ______ .-____ ~ ____ -. ____ 4-______ .-____ ~ ____ -. ____ -+ ______ ~ __ __ 
Thou_ Thou-

Hlltlons lode" llllons lnd"" Hillions Inde" Killions Ind .. " " .. nds lnd .. " sands lnd .. " 

Itl~4 

18~!; 

""" l"ln 
Id98 
1899 

'''"'' 1901 
190:' 
1903 

"'" 190!; 

'''''' 1907 

''''''' 
"'" 1910 

1911 

191~ 

UnJ 
1914 
llU!; 
191€ 
li117 

1918 
1919 
1920 
1921 
1922 
1923 

1924 
192!; 
192e 
192" 
1928 
1929 

1,,30 
1931 
1932 
1933 

'"'' 193~ 

1" '" '" 
7,997 !5'1.1'l e.l!52 SO.!> 

I::i,029 :58.0 e,Oi!:! sa.!> 
7.772 
7. el," 
8,254 
10.84~ 

iI,70;; 
10,659 
11.702 
H., 000 
H'.~49 

13.74:; 

14.494 
14.447 
12.839 
15.743 

14.900 
14.132 

14,329 
14.187 
13.099 
12.010 
1:'. ,,16 
11,372 

e,€iOl 
i.l~!i 

... 322 
I:! , '152 

11.200 
14.27~ 

1;;,872 
15,38t! 
14,11'18 
14.766 

13.706 
12.5101 

8.a32 
!i. 429 
2.-4!i8 
2.035 
2,313 
3.42l! 

:;6.2 
:;:;.0 
!i9.6 
76. II 

70.2 
7tl.!i 
64.'e 
86.7 
liO.7 
99.3 

104.7 
104.4 

92.8 
113 • ., 

lOb. 3 
102.1 

103.!i 
102.5 

9'11.7 
92.6 
911.1:1 
1:12.2 

'119.1 
ee.2 
13'1.4 
e3.2 
eO.1I 

103,2 

100.2 
111.2 

108.2 
106. :; 
99,0 
90.9 

63.8 
39.2 
17.8 

14.7 
16.7 
24.8 

!i. 701 

5.293 
!;,867 
7.eoo 

7,141 
8,039 

8.475 
8.464 
1:1,66:1 
If,B1? 

10,02'1 
9,7\16 

~ '1,811 
9,7>12 
~j, 222 
8.475 

8,555 
6,089 
7.147 

e,l:l!;1 
'1.3114 
~.ae5 

3,557 
4,752 
4,I:JS2 
4.440 
!i.899 
'1.282 

7,1!i9 
'1', !ie2 
7.51'1 
'1.001 
13,413 
5. :;05 

3.1331 
2,3l.5 
1,013 
, ,000 
1,099 
1.811 

!::l3.1::l 

77.8 
Se.3 

113.2 

105.0 
118.2 

124.6 
124.5 
127.4 
144.4 

w , .. 
114. ~ 
144·0 
13~.6 

124.6 

12!i.1? 
119.0 
105.1 
100.!;! 

lOB. '1 
Be.3 

!i2. :; 
M.9 
'11.4 
65.4 
86.8 

10'1.1 

10~. 3 
111.2 
110.13 
103.8 

".3 
81. 0 

!i3.4 
:l4.0 
14.9 
1!i.O 
le.2 
26.e 

'" 
eo, 

'" '" '" '" 
", 
'" ." 
'" '" '" 
'" ,", 
"" '" '" ?2~ 

'" 
'" "0 
'" 1.003 

'" 
'" '" '" '" 1.417 

1,9:l1 

2.030 
<:.475 
2,440 
2.413 
2,'1112 
2.139 

1.482 

"" 
"''' '" '0' 
'" 

''l 

15.7 
12.6 
14.4 
13.7 
20.3 

16.0 

19.3 

21.3 
20.1 
20.1 
25.1 

28.13 
2'1.2 
27.1 
3?t; 
32.4 
33.6 

37.7 
38.4 
37.6 
39.7 

4e.5 
35.1 

HI.!> 
S6.7 
36.:1 

""0.':; 
M.7 
e9.!> 

94.1 
114. '1 
113.1 

111.9 
111." 

119.2 

68·7 

41.11 
1".8 
12.5 
14.1 
21.9 

,OJ 

'" '" 347 

." 
'" '" ,., 
'0' 
'" ". ,,, 
'" 
'" eo, 

'" 1.024 

'" '" '" '" '" '0' 
'0' 
'" ." 
'" ", 
'" 
". 
'" .eo 
5::J3 

'" '" 
>lO 

'" '" 
H. 

of tons 

'" '" 
gO.8 n.'_ 
75.8 
M.O 
8e.6 

94.2 
l1!L 4 

108.6 
120.2 
122.6 
130.0 

1413.1 
132.3 

149.4 
P. 

'" 203.3 
192. 3 
lI:J8.5 

181.1 
190.4 
185.0 

Id9.4 
18'1.0 
140.4 

80.0 
97.2 
S3.1 

111.6 

102. " 
138.9 

110,1 
107·1 
92.9 

100.0 
75.2 
73,0 

:59. II 
U.~ 

26. " 
12·[, 
2~.e 
1I~ . .:; 

'" '" ,,, 
1. 03e 
1,1bO 

1,3:54 

1.704 

2.0:l8 

2.050 
1,936 
2.323 
2,590 

1.953 
2.329 
2, :579 
2. OIl> 
2,1:>70 
3,78:; 

3,535 
4,22:1 

" ,0ge 
4.lH 
3,976 
4.1e4 

3,H!:! 
1,926 

'" eo, 
,eo 
913 

110) 

,., 
10.3 , .. ,. , 
, .. ,. , 

18.8 
20.t< 

23.4 
21.5 

25.1 

24.1 
19.2 
27.0 

;:'0 '1 

35 • .2 

44. :3 
53·0 

53 . .3 

50. " 
130.4 

87. " 

50. e 
80.6 
t!7.1 
.'52.:5 
74.7 

"".0 
92.0 

109.9 
10e.6 
107.1 
103. :; 

lOS· 3 

S1.9 
~O. 2 
21.tl 
1~.d 

17.8 
23.8 

of tons 

( 11) (12 ) 

1. ~54 23~. 9 
1.004 1524 

'" eo, 

"" l.OSe 

'" "" 928 
1, :88 
1.300 
1.430 

1.636 

1, '14'1 
<!.310 
2.559 
2.650 

2.267 

2.023 
2,100l 
2.125 
2.20:> 
2.30E 
2.058 

1,146 

1,241 
1,191 

'" 
'" '" 

'" '" '" 
"" "" '" 

135.4 
121. 9 
138 8 
164 8 

127 7 
128.6 

140.9 
180.0 

207.7 
217.1 

<!4U. :; 
265.2 
350.6 

30l0l.4 
402 2 
347.1 

307.1 
320.0 
322. e 
334.4 
349.4 
312.4 

174.3 
188.4 
180.8 
141:J.2 
90.3 
93.4 

90.0 
100.3 

78.9 

111.5 

10!i.4 
130.3 

102. :; 

31:1.4 
22.13 
25. !i 
25. !i 
40.1 

"Dilta f~Q". "i~ .. al ,II!!OU1'cn DJ tllir Ii"Hed statu (t!. S. Oept. Int., Bur. Mines) and Ce"s ... ~ oj 
l'a""'Jact ... ,...,. rtllures ~rlor to1919 refer to ~uant1tles !ol~ ~urtnlthe ,ear, not quantities produce~. 
ft~l&~lve$ w',~e C~!IIput~d ~etore t1gures were roun~e~ orr. 
:For Jrle:ncJ or CQIf."u'.a".lon of :otal ~rO<luctlO!L In cOJIIlllon-llrlcll: equlvlllents. see appenH:r B, section 
JIl 'COI1·,.~rs:on ~t Census p~o.duetlon Dllta In~o COIlllllQn-Brtck. EQuIvalents.' 

~~'lgures f~r 191ft aM prior 7ears are estlllll.~eoj on oasis ot valu... r"r .etho~ use~ see appeMIl B, 
sec'lon on .pr~du~tlon aM ,I,'/el'age Value per UnIt of prQ<lUct.. 

:lrh:ures f~r 191'" aM prior )"B&rs are estl ... te~ on Ouls of value. ror lIetho~ used see appoeMIl 8. 
seetlon on ,productlon and Average Valut' per unit of prOl111ct.' 

n ••. D.ta nor ;>vallatlle. 
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T.~I. &-14.- INDIXII Dr IRICK AND TILl PRODUCTION 
AND BUILDIN. ACTIVITY, 1"4-1115 

• 
• (1114-100) 

Production of brick and tile a ?_yea.r ... ovln~ a"Verage 

Bulld1.nQ Production BulldlnQ Year activity\! All products Structural of structural act! vi tyb 
brick and tHe 

(1) '2' (3) ,.) ,"I 

1894 61.1 61.4 60.0 6'7.3 73.3 
1'99.5 61.3 6e.7 79.7 e6.0 70 . .5 
1896 59.3 65.4 6:5.5 6B.4 68.3 
1897 58.1 62.9 '73.1 70.6 66.9 
1898 63.0 6'7.9 63.3 75.0 6B.6 

189Q 81.2 86.6 76 .• 79.7 6e.O 
1900 74.1 81. 5 M.2 84.6 69.7 
1901 82.9 91.9 72.1 00.' '71. 8 
1902 89.3 99.6 75.3 97.2 79.2 
1903 91.6 100.2- 7'7.7 101.8 85.2 

190. 95.a 103.0 87.4 106.8 93.4 
1905 104.9 115.8 115.3 107.3 97.0 
1006 110. '7 120.4 118.6 110.5 105.6 
1907 110.3 116.9 107.2 112.1.'1 111.5 
1008 98.0 95.4 97.2 113.4 115.2 

1909 120.a 121.9 136.1 113.1 115.5 
1910 114.4 114.8 118.8 111.7 114.2 
1911 10'7.9 108.9 113.2 109.3 113.2 
1912 109.4 113.3 117.7 109.4 113.9 
1913 108.3 110.5 109.3 10'7.1 110.1 

I1H4 100.0 100.0 100.0 103.1 102.3 
1915 97.8 96.2 102.5 95.2 90.3 
1916 105 . .5 10.5.6 109.2 fl9 • .5 ".3 
1917 88.8 87.3 64.0 S4.5 77.8 
1918 51. 9 53.1 29.3 80.2 77.5 

1919 69.5 '73.4 75.9 eO.4 e6 • .5 
1920 70.8 7,s.B 6S.6 83.1 ".9 
1921 Be.5 69.8 98.S 88.3 114.7 
1922 85.1 97.7 165.0 100.5 142.4 
1923 106.4 124.7 182. 1 109.6 161.8 

1924 105.4 123.6 18B.4 117.6 180.1 
1925 116.9 138.6 223.3 125.4 192.5 
192<3 113.8 lSf.8 211.6 127.6 192.1 
1927 110.3 132.0 191. 9 120.8 179.6 
1928 104.1 124.7 1~.4 110.1 163.8 
1929 9.5.6 112.5 162.1 93.3 136.2 

1930 6'7.1 7'7.7 .... 76.S 109.4 
1931 41.2 48.4 '77.6 60.3 -
1932 18.7 20.9 30.3 46.8 -
1933 15.5 17.9 24.4 - -
11:134 17.6 19.7 t1. a. - -
1935 26.0 30.7 II .... - -

aBaStd on tablt A-13. ..11 products. InclUdtS coJUton brick. tact orick, vltrHled briCk, hollo" 
bullding tllt. and drain til<!; .Structural_ IncludUi co_on brick. race briCk, lind 110110'/1" build
Ing tile. 

IlAdapted trOll an lJ\(\ex CQn$tructed 0)' Wllllu, H. Ne" .. an. "The BII1l41ng Imlu!ltr:y lind Bualnes!! 
C~clu." 111, ;ou"'nal o! B~i .. "", Of til, V'l1.II,nit:y o! Clli.cato, VIII. NO.3 pulY U36), part 2. 
1l3-71. It Includes 0:11)' prlvllte building, .those buildings erected b)' prlvau enterprIses and 
indIViduals tacl' seeklng to .ax I_1M hIS prQrlt 01:' satlate.ctlonl (jh4., p. 2). 

n.&. O!Ltll not aY&llable. 
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T.~I. A-IS.- INDEXES OP WHOLESALE PRICES OF BUILDINB MATERIALS 
AND COMMON BRICK, ADJUSTED POR WHOLESALE-PRICE LEVEL, 

1880-1935" 

(1528=100) 

common brick 

Year Buildln~ ~aterials United states averaije ••• York City 
unit value b 

111 (2) (31 

1890 62.7 71.0 n. a.. 

1891 79.2 62.2 n. 8.. 

1892 79.9 67.2 n. 8.. 

1893 77.9 66.3 n. a.. 

1894 83.1 63.5 n. II. 

1895 79.5 66.2 91. e 
1896 63.7 66.2 95.3 
1697 80.3 84.4 91. 2 

189B 61. e 72.0 92.8 
1899 83.5 66.3 84.5 

1900 82.4 56.9 82.2 
1901 60.1 63.3 6'7.2 

1902 76.9 55.5 83.4 
1903 78.4 60.2 85.,4 
1904 75.4 76.2 85.3 

1905 80.0 81. 9 88.5 
1906 67.4 84.0 84.1 
1907 8'7.1 57.4 78.4 
1906 82.7 49.3 77.6 
1909 79.4 57.4 73.7 

1910 78.6 49.3 72.4 
1911 85.2 55.2 77.3 
1912 60.9 59.5 74.5 
1913 81. .2 57·2 75.13 

1914 77.4 49.3 76.5 

1915 77.0 52.9 75.4 
Hne 79.1 57.1 66.5 
1917 75.1 46.0 59.2 
lSilEi 75.1 55.2 70.7 
1919 53.4 70.0 82.3 

1920 97.2 e6.0 93.15 
1921 99.1:) 94.7 112.1 
1922 100.6 109.0 108.15 
1923 10B.1 119.6 109.8 
1924 104.3 105.5 105.2 

19215 9B.3 86.3 90.3 
1926 100.0 100.0 100.0 
1927 99.3 88.4 99.1 
1928 97.3 81.7 9.5.2 
1929 100.1 6e.4 915.4 

1930 104.1 71. 1 101.6 
1931 108.15 83.4 109.0 
1932 110.2 89.5 113.0 
Hl33 liel.e 84.8 111.7 
1934 115.1 83.8 118.2 
19315 106.6 74.0 106.6 

IlBIl~etl on tlat8 In )'/;ol~s"lf Pdce~, bulletIns ot U. S. Dept. LB.bor, Bur, Labor Stattst1~s. JMue.s 
tor bulltllng materl&ls aM COJUlon I-rick ... ere ceflated JY the Index tor all cOllllllodltles. 

llf'1gurea ror 1895-1912 &re basetl on Ni1lenJZ RU\'l","'ces oj th.e Y"ited Sta.tu (U. S. Dept. Jnt .• Bur. Mines). 

n.a. 011 til. not avall&llle. 
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Tab la A- 16. - INDEXES DP l'RDDUCTIDN AHD AVERAIE UNIT VALUE 
DP STRUCTURAL BRICK AND TILE. 1913-35' 

(\ 825=1 aD) 

Aver8~e unit value 
COllllllon brick Face brick Hollow divided by 

bulldlng t1le wholeaale-price Inde][b 

Year Average Average AveraQe HolloW' 
pro_ unit Pro- unit pro- unit Common Face building 

duetlon va.lue duetlon value duet ton value brick brick tile 

( 1) (2) (3) (4) (O) (OJ (7) Ie) 19) 

1913 107.6 ~2.B 33.9 6a.7 n. &. · 7~.e 91.3 · 
1914 95.1 52.1 33.2 62.8 n .... · 76.5 92.2 · 
1915 91.2 52.4 3.5,1 61. 1 n ••• · 75.4 87.9 · 
1916 98.4 06.9 41.1 62.7 n .... · ee.~ 73.3 · 
1917 7B.O 69.6 :31.1 '75.2 n. &. · 59.2 64.0 · 

1918 47.3 92.8 14.6 93.7 n .... · 70.7 71.4 · 
1919 63.2 114.0 32.4 111.1 56.9 113. :5 82.3 80.2 81.9 
1920 64.5 144.3 32.2 135.4 62.9 154.8 93 . .5 8'7.7 100.3 

1921 59.1 109.4 315.8 113.9 49.2 108.2 112.1 11e.7 110.9 
1922 78.4 104.9 58.1 109.3 70.0 101.0 10B.O 113.0 104.4 

1923 96.9 I 110.5 79.2 110.4 91.9 

I 
110.6 109.8 109.7 109.9 

1924 95.2 103.2 83.2 107.8 8e.3 104.1 lO~.2 109.9 106.1 
1925 100.6 99.7 101.4 100.6 103.1 102.0 96.3 97.2 98.6 
1926 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1927 93.9 94.~ 98.9 94.4 100.4 94.8 99.1 99.0 99.4 

I 
1928 8.5.3 

I 
92.1 98.8 91.0 97.0 95.6 90.2 94.1 98.9 

1929 73.2 90.9 B1.7 92.6 101.6 106.6 95.4 97.2 111.9 
1930 4B.3 87.8 60.7 91.1 76.9 104.0 101.6 105.4 120.4 

1931 30.B 79.6 37.0 BO.6 47.1 95.4 109.0 110.4 117.0 

1932 13.5 73.2 US.7 75.3 20.3 75.8 113.0 116.2 117.0 
1933 13.6 73.6 11.1 77.3 14.8 ee.6 111.'7 117.3 104.1 
1934 14.6 88.5 12.5 85.3 16.7 83.5 118.2 113.9 111.5 
1935 24.1 85.3 19.4 89.9 22.2 88.4 106.6 112.4 110.0 

aBasael on CeTl.!us of /tBnufoctu<'IlS elata. 
bWholllsau-prlce Inael for all cO\lllllocHtles troJII if,o\o'esBI.e PdC.3. bullet.in& ot U. S. Dept. 
L!.bor, Bur. Labor St&t14tlcS. 
n. a. Data not avallaole. 
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Ta ... A-17.- CO~ON-BRICK PRICES IN SELICTED MARKETS, 1113-35 

(P.I' Illl •••• d brJaJr.) 

United States 
New Yorks Chicago! Cincinnatia 

Year ( red {run- ( red Average Average 
domestic) of-kiln) common) price, valueb 

82 yardsa 

1913 $ 6.56 $ 4.94 $ 7.00 $ 6.7Sc $ 6.20 
1914 5.53 4.87 6.75 6.71 c 6.12 
1915 6.05 4.78 6.25 6.74c 6.15 
1916 8.03 4.78 6.75 7.32 c 6.68 
1917 8.88 4.95 8.44 8. Soc 8.17 

1918 11. 93 7.45 12.94 11. 94c 10.90 
1919 15.96 8.95 13.58 14.01 13.36 
1920 21.85 11.44 17.47 18.95 16.94 
1921 15.21 9.33 16.94 15.76 12.84 
1922 17.34 8.70 13.16 13.70 12.31 

1923 19.81 8.75 14.05 14.51 12.97 
1924 17.04 8.78 13.95 14.45 12.11 
1925 14.70 8.61 12.62 14.00 11. 71 
1925 15.46 8.72 12.46 13.91 11. 74 
1927 13.87 8.91 12.02 14.02 11.10 

1928 13.00 8.85 11.00 13.72 10.81 
1929 10.73 8.87 n.a. 13.52 10.67 
1930 10.10 9.02 n.a. 13.05 10.31 
1931 10.02 8.68 n.a. 12.40 9.35 

1932 9.54 n.a. n.a. 10.59 8.59 
1933 9.19 n.B.. n.a. 10.53 8.84 
1934 10.33 n.a. n.a. 12.00 10.39 
1935 9.74 n.a. n.a. 11. 77 10.01 

aYhoZesale Prices. bullet1ns of U. S. Dept. Labor, Bur. Labor Statistics. 
bOensus Of Nanu!a.ctures. 
CFlgures for 'Average price, U. S.' adjusted to level indica.ted by Over
lappIng fIgures [or 1919. 
n.s. Data not aVailable. 
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Tabla A-IB.- INDEXES OF PRODUCTION OF CoHMmN BRICK AND DP 
AVERA8E UNIT VALUE ADJUSTED FOR WHOLESALE -PRICE LEVEL, 

NEW YORK AND ILLINOIS, \s21-H" 

(1126=1001 

'e' York Stat.e .!:llinois 

Year AveraQe Average 
prodUCtion unl t value b produc'tlon unit value b 

III ,2l .31 ." 1921 4'7,7 91.4 36. e 124.:; 
1922 e2.~ UO.5 '73.0 104.8 
1923 74.8 112.9 87.7 98.5 
1924 '79.1 101.9 94.1 ga.4 
1925 80.2 8e.5 98.9 9:1.5 

1926 100.0 100.0 100.0 100.0 
1927 92.0 92.5 92.9 104.6 
1928 II •• , - n ••• -
1929 58.6 7'7.8 57.6 102.6 
1930 49,2 76.7 27".2 114.1 

1931 46.2 85.2 ••• 130.3 
1932 14.e 93.8 ••• 134.0 
1933 lI •• , - II ••• -
1934 12.0 97.6 ••• 130.7 

• 8laull on Clfl.lIv" of Ko""fGctv"u G.~a. 
bIndu: or .,..r ••• Tal'" PI" tboua&lld eo_oil brick cl1Yldill 111 .bell.ale-prici JlIon tor aU co..OGlttU· 
rrOJt '.\01uak I'deu, bull'~lll. of U. 8. o.ot. 1.allor, INt. Labar 8t.a.UIUu. 
II ••• o.t& nD~ 'nnlllle. 

Ta'la A-ll.- CWAIN lNDEXBS OP PRODUCTION AND MAN-HOURS 
IN SAMPLE BRICK AND TILE PLAJ/TS. 151&-35" 

(1921=100) 

production 
Year NUlllber of ( COlllaon_ 

plants b 
brick ~quivalents) 

III '21 

1916 - 94.7 
1917 , 69.1 
1918 • 41.9 
1919 9 68.1 
1920 '2 86.1 

1921 .. 47.7 
1922 27 1~.2 

1923 31 131.7 
1924 .. 146.2 
1925 .. 151.3 

1926 .. 143.3 
192'7 42 132.0 
1;28 '0 120.9 
1929 '" 100.0 
1830 72 69".7 

1931 73 39.3 
1932 78 22.5 
1933 78 17.6 
~934 7' 21. 9 
1935 78 27.5 

• eased on ,.ar-to-, ... r changes tor Idlntlca:' Plants. 
bNulII~r ot Id.ntlcal plants In ,ITen and PUC'ollne lInr. 

Man-hours 

131 

90.4 
75.5 
53.:1 
69.4 
65.7 

55.5 
Sl9.6 

123.3 
131.3 
136.2 

132.2 
120.7 
112.7 
100.0 
72.1 

44.6 
26.1 
19.3 
24.3 
31.2 



Year 

1916 
1917 
1918 
1919 
Ul20 

1921 
1922 
1923 
1924 

"" 
1928 
1927 
1928 
1929 

10" 

1931 

"32 
1933 
10,. 
1"3.5 
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T._I. A-20.- PRODUCTION, HAN-HOURS, AND CAPACITY 
FOR ALL SAMPLE BRICK AND TILE PLANTS, 191B-35 

175 

Man-hours C"pacl 1.7 
Product-ion 

Per t.houlland 
'''Biber ,.1lUona of 

o;:o_oD_brlck Millions of Total Pt!rcent of plants co..-on-brlclc coa..,n-brlok ut11izedb 
equi •• lenhj (tnoun.ndsJ equiv&lents 

eq,u!valeDts· (3)+(2 ) 

III '" 13' '" '" I" 

• 78 "" , .. '38 2'7.4 

• •• .," 10.9 '38 22.3 

• .. eo' 12. '7 ,,,, 18.9 ,. '38 2. "li3 ,., .. , 32 ... 

" '" 3,172 .., '" 43.2 .. 20' 2.-414 '.2 1,042 2",~ 

31 '" 4.626 ••• 1.128 59.3 

38 '" 7,140 '" 1,328 70.3 .. 1,064 7,101 .., 1,312 77.1 
38 1.12'7 7.674 '.0 1.3:17 80.1 .. 1,119 8,139 7. , 1.450 74.8 ,. 1,294 9.890 '" 1,693 73.1 

" 1.156 9,404 .. , 1.742 !:i8.0 

" 1,178 10,57'1 '.0 2,120 47.2 

" ." 7,941 ,. , 2.154 31.5 ,. ". 5,291 10 ... 2,179 18.0 
SO 20' 3.104 10.'7 2.188 10.6 

" 230 2,327 10.1 2,173 .. , 
80 20' 2.987 10.3 2.178 11.1 
SO ,.. 3.870 10 • .5 2,108 1.5 • .5 

aCapae1t7 ntl_ted: exeludu outpUt of plante tor "ble!! no cap,ctt7 e,tIMt' 1, aTalutlle, totaUn. 
approxlll&tel)' :3 percent ot .,crepte output arter 1"111 and up to &0 perc.nt tor th. tlut 3 na,... 

tlO"Otalned. "07 <llvl<11na col. (6) Into col. (2) II<1Juate<l tQ'l' Qutput Qt pants tor whIch no eapae1tJ 
utlll&e. "U II&de. 

T •• I. A-21.- CHAIN ABSREBAT!VE INDEX OP MAN-HOUR RATIOS 
POR SAMPLE BRICK ANO TILE PLANTS, 1916-35 

Han_hour r .. tio ChElln lnd .. ,. 

Hu.ber Link relati"e of link 
Year ., pla.nts (2)+( 3) .... 1 lOti""", Gl "en ),e"1' PrllClldlnQ )' .... 1' 

(1929"100 ) 

III I" {3' ,., 
'" 

19115 - - - - 9.5.e 
1"17 • 9.81 8 • .58 1.a3 109.3 
11118 , 11.47 9.81 1.169 127.7 
1919 , 10.13 12.71 0.797 101. 8 

"00 " 7.03 7.11 0.9S9 100.7 

1921 " 7.80 e.74 1. 157 116.:5 
1922 " B.a4 7.97 0.7S3 91.2 
1923 31 6.63 6.4.5 1. 028 93.8 
1924 " 6.73 7.02 0.9:59 99.9 
192:5 " 6.n~ 6.73 1.(;03 90.2 

10" " 6.96 6.79 1.02!i 92.!i 
1927 .. 7.22 "'8 0.992 91.7 
1928 00 8.07 7.92 1.018 93.4 

"29 " 8.72 8.14 1.071 100.0 

10" ,. , ... 8.98 1.034 103.4 

1931 ,. 10. eo 9.68 1.09!i 113.2 
1932 ,. 10.85 10.41 1.023 lUi.S 
1933 '. 10.11 10.6!i 0.949 109.9 
10,. " 10.22 10.11 1.011 111.1 

"" " 10.51 10.28 1.022 113.6 
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Year 

1917 
1918 
1919 
1920 
1921 

1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

BRICK AND TILE 

T •• I. A-aa.- CHAIN INDBX D' MEDIAN LINK RBLATIYBB Dr 
MAN-HOUR RATIOS rOR SAMPLE IRICK AND TILl 'LANTS 

1117-15 

Link relatives Chain 
index of 

percentase distri- Coefficient median 
Nurn- butlon by class Me- of link 
ber dian dispersionb 

relatives Neu- De- In-
tral& crease crease 11929-100 I 

111 121 131 141 151 161 171 

4 25 50 25 0.934 0.128 112.7 
4 0 25 75 1·114 .117 125.4 

12 8 84 8 0.905 .102 113.6 
19 10 53 37 0.978 .141 108.6 
21 5 48 47 1.001 .179 108.7 

23 13 65 22 0.949 .097 103.1 
29 14 48 3B 0.988 .111 101.9 
33 9 45 46 0·992 .098 101.1 
34 21 47 32 0.987 .094 99.8 
35 23 34 43 1.016 .073 101.3 

42 12 50 38 0.982 .081 99.5 
51 14 43 43 0.995 .106 99.0 
56 14 41 45 1.010 .110 100.0 
69 13 45 42 0.997 .154 99.8 
65 9 28 63 1.084 .276 10B.l 

65 5 40 55 1.0Bl .340 116.9 
57 5 53 42 0.957 .462 l11.B 
59 8 39 53 1.035 .407 115.7 
68 12 44 44 0.998 .303 115.4 

SFrom 0.981 to 1.019. 
bAverage dev1ation trom median 01vl0ed by median link relative. 
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T.~I. A-ZI.- RB8RESBIDN DP CHAIN ABIREBATIVE INDEX OP MAN-HOUR 
RATIOS ON PERCENTAIE or CAPACITY UTILIZED, POR 

ALL SAMPLE IRICK AND TILE PLANTS, 1I1S-35" 

Chain Index corrected 
aggre- Deviation for percentage 0 f 

Percent_ gative ordinates of index capacity utilized 
Year age of index of of re- from line 

capaci ty man-hour gressionc of re-
utilized ratlos b gression 89.5+ (4) 1929=100 

(1929=100 ) (2 )-(3) 

(1 ) ( 2) ( 3) (4) (5) , (6) 

1916 27.4 95.6 '105.0 - 9.2 80.3 I 86.8 
1917 22.3 109.3 107.0 + 2.5 92.0 99.5 
1918 18.9 127.7 109.0 +19.0 108.5 117.3 
1919 32.4 101.8 102.9 - 0.9 88.6 95.8 
1920 43.2 100.7 98.9 + 2.0 91. 5 98.9 

1921 24.5 116.5 106.0 +10.7 100.2 108.3 
1922 59.3 91. 2 93.8 - 2.4 87.1 94.2 
1923 70.3 93.8 91.0 + 2.8 92.3 99.8 
1924 77.2 89.9 90.0 - 0.1 89.4 96.6 
1925 80.1 90.2 89.5 + O.? 90,2 97.5 

1926 74.8 92.5 90.2 + 2.3 91.8 99.2 
1927 73.1 91. 7 90.5 + 1.2 90.7 98.1 
1928 57.7 93.4 94.2 - 0.8 88.7 95.9 
1929 47.2 100.0 97.0 + 3.0 92.5 100.0 
1930 31.5 103.4 103,1 + 0.3 89.8 97.1 

1931 18.0 lI3.2 110.0 + 3.2 92.7 100.2 
1932 10.6 115.8 115.8 0 89.5 96.8 
1933 9.0 109.9 117.0 - 7.1 82.4 89.1 
1934 11.1 111.1 115.0 - 3.9 85.6 92.5 
1935 15.5 113.6 112.0 + 1.6 91. 1 98.5 

aFor methods used see appendix B. section on 'Corrections In the Han-hour 
Ratto tor Percentage of Capac1 ty Ut1lized." 
bT&ble 1-21. 

CBased on freehand curve In t1gure 20. 
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T.~I. A-24.- AVERASE INVESTMENT AND MAN-HOURS PER THOUSAND 
COMMON-BRICK EoUIVALENTS IN IN~IVIDUAL BRICI AND TILE PLANTS 

• 
Investment per thousand Standard 

Plant common_brick eQuivalents a 
man_hour 

Net Gross I"atio 

Common and face brick 

Plant A $0.79 $2.16 9.60 
Plant B 0.83 1.94 9.07 
Plant C 1. 21 2.90 5.50 
Plant D 2.29 3.67 8.53 
Plant E 3.49 4.22 7.53 
Plant • 3.53 4.69 5.95 

Paving brick and hollOW building tile 

Plant G 1.79 9.39 10.14 
Plant H 2.28 8.02 8.38 
P] ant I 2.34 2.93 17.79 
Plant J 2.54 5.49 13.61 
Plant K 2.74 3.76 21.67 
Plant L 5.81 9.04 20.92 

SAvera!!e tor 1925-32, Net InvestPlents represent a:ross InvestJlents In IIIAchinery an" eQu1plllent 
Ius deprecIat1on: gross Investlllents reDresent total Investments In machIneI') and equIpment 
leslI retIrements. 

Year 

1£128 
1929 
1930 
1931 

1932 
1933 
1934 
1935 

r.bl. A-2S.- ARRAY ANALYSIS OP MAN-HOUR RATIOS, 
37 IDENTICAL IRICK AND TILl PLANTS, 1121-35 

Range Qua.l'til~ Coef_ 
ficient. Measure 

Weighted of of 
Low HiQh First Second Third mean a 

disper- skewness c 

sionb 

11) 12) 131 141 10) 16) 17) 18) 

4.31 2'7.60 7.29 8.79 12.61 7.47 0.379 0.436 
4.92 24.17 7.01 9.26 12.86 8.18 .363 .231 
4.71 16.83 6.S6 9.41 1l.93 8.73 .3013 - .006 
4.83 49.48 8.57 11. 22 16.45 10.6e .519 .327 

:5.70 57.98 B.67 11.17 15.80 12.46 .600 • 299 
4.42 44.35 7.6:5 10.06 15.65 10.44 .64.2 .398 
4.70 49.03 9.14 12.49 15.17 9.90 .432 - .111 
4.91 132.51 9.71 10.91 13.52 9,69 .607 .370 

• Obtained b1 divlOing aggregate output Jnto aggregate nUlIIber or 1I&n-boure. 
D.lVlrage deViation trOll! lIItcl.1an diVided. \)1 mecHan. 

ContinQent 
labor-

reduct.ion 
ratlcd. 

19) 

0.024 
.143 
.214 
.198 

. "" . 

.287 

.Oe? 

.018 

CCOJIPuted trolll fOMllula.: ('l:,.Qt-ZQ~)+(Q,,-Q.l)' 
d By the "Urst quartile to"elghted mlnn" Method; that 18, ttl, contingent labor-red.uction r&tl0 
eQu&11 1 - (Ql+",elgb.ted mean). 
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Ta~la A-2S.- WlISHTED MEAK Dr MAN-HOUR RATIOS AKD PIRCEHTAIB 
DP CAPACITY UTILIZBD, 37 IDrHTICAL BRICK AHD TILE PLAKTS, 

IY CAPACITY, 1121-35 

Annual capacity 
(millions of common- 192" 1929 1930 1931 1.932 1933 1934 193~ 

brick equivalents) 

Less than 15 

NUMber of plants 
operating 13 13 12 12 11 10 12 12 

Man_hour ratio 11. 41 11.43 11.53 12.22 13.51 12.08 11.23 11.38 
percent of capacity 

utiliZed- 65 61 51 31 19 15 21 26 

1~-29.99 

Number of plants 
operating 11 11 11 11 11 10 10 10 

Han_hour ratio 9.6B 10,34 9.60 10.65 12.65 12.73 1l- 0" 11.50 
Percent of capacity 

utilizeda 65 58 46 32 15 13 15 20 

30 or over 

Number of plants 
operating 13 13 13 7 7 6 7 7 

Man_hour ratio 6.09 6.74 7.36 9.79 11.62 8.35 8.36 8.65 
f.'ercent of capacity 

utilized!! 59 47 26 9 5 6 7 12 
~ e"or aU Plants, not onU' tor those operatIng. 

Tabla A-27.- WllaHTED MEAK DP MAN-HOUR RATIOS AKD PERCENTAIE 
DP CAPACITY UTILIZED, 37 IDENTICAL BRICK AHD TILE PLANTS, 

BY PROCESS, 1928-35 

process 1928 1929 1930 1931 1932 1933 1934 1935 

Stiff_mud 

Number of plants 
operating 22 22 22 " 16 16 17 17 

Han-hour ratio 6.96 7.63 8.48 12.44 14.3e 11. 17 9. 64 9.72 
percent of capacity 

utilizeda 62 51 30 10 E 6 9 14 

Soft-mud 

Number of plants 
operatinQ 10 10 10 10 9 8 9 9 

Man-hour ratio 9.58 10.76 9.84 9.31 11. 17 9.85 10. 74 10. 71 
percent of capacity 

utilized& 60 49 40 38 17 15 15 22 

Sand-lime .nd 
dry_press 

Number of plants 
operatinQ 5 5 4 4 4 2 3 3 

Man-hour ratio 7.32 7.10 7.29 7.77 7.08 9.27 7.04 7.28 
percent of capacity 

util1zed 8 59 57 40 25 18 6 13 15 

8'01' all plants, not onU ror tnose operating. 
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T.~I. A-'I.- MAN-HOURS PIR THOUSAHO COMMOH-IRICK EQUIVALBNTS 
BMBODIED IN AHNUAL MACHIHBRY RBQUIRBMENTS, 

NINB IDI"TICAL BRICK AHD TILl 'LAHTS, 1121-15 

Kan-
Annual Pro duc- hours 
cumula_ Total tiOD per 

Number Gross tive m3n- Annual (millions thou-
Year of invest- avera~e hours man- of sand 

plants menta of (thou- hours e 
common-common-

oper- (thou- man-hours sands) ( thou- brick brick. 
ating sands) per (2)X(3) sands) equiva- equiva-

dollar of lents) lents 
valueb 

(5)+(6) 

( 1) (2) (S) (4) (5 ) (6) (7) 

1926 9 $ 788 0.82 644 46 166d 0.28 
1927 9 865 .81 698 50 148 .34 
1928 9 948 .80 756 54 145 .38 
1929 9 1,012 .79 796 57 130 .44 
1930 9 999 .77 774 56 124 .45 

1931 9 1,013 .79 787 57 99 .59 
1932 9 1.033 .79 914 59 71 .82 
1933 6 604' .90 494 35 39 .99 
1934 9 949 .81 770 55 - 69 .90 
1935 9 952 .92 779 56 65 .96 

s.,.CUl installed book values or investments 1n machinery and equipment, les8 
retirements. Da.ta. exclude purChases or retirements tor three plants not 
operating In 1933. 
bBased on number or man-hours per dollar or va.lue shown below. The ratio 
tor anyone year is the average ot the rat10s tor a.ll the precedin& ;yea.rs 
and the gi ven year & 

1920 0.72 
1921 ..•. .92 
1922 .•.. .96 
1923 ...• .B1 

1924 •••• 
1925 .••• 
1926 •... 
1927 .•.• 

0.79 
• 78 
.77 
• 73 

1928 
1929 ..•. 
1930 .•.• 
1931 •.•• 

0.72 
.68 
.67 
.80 

1932 
1933 •••• 
1934, 
1936 

0.92 
.98 
.96 
.90 

The ratIos "ere estImated b1' the .Studies In Equipment c.'banges and Industrial 
TechniQUes· sectloD ot the WPA National Research Project. 
cCoL (4.) divIded by 13.9, Which 18 the estimated average length or Ute, 
In years, ot machlner1' and equipment in brick. and tUe plants. 
dpartl)' estimated. 
eThree {llants, having a Kross Investment ot $4.0B,OOO. were not operatinl 
1n 1933. 
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Talla A-aB.- COST PIR THOUBAWI COMMON IRICI, 1925 AND 1935" 

Item. 1926 1935 

Number of plants 10 8 
Production ( thousands of cOJrull.on-

brick equivalents) 185.285 64.702 
Man-hours, operating and 

indirect 1.609.508 654.130 
Man-hours per thousand CODlDlon-

brick equivalents 8.69 10.11 
percentage of capacity utilized 75.8 38.3 

cost (dollars) per thousand 
common-brick equi valen ts 

Total 10.36 10.59 

Manufacturing 7.27 6.58 

Lahor, operating and 
indirect 4.11 3.33 

Raw materials and supplies 0.59 0.67 
Fuel for burning 1.30 1.05 
overheadb 

1. 09 1. 32 
Other 0.18 0.21 

Power 0.99 1.27 
Administrative C 

1.02 1.10 
Selling 0.11 0.59 
otherd 0.97 1. 05 

aEach or the plants Inclu(\ed produces ch1efly common brick. Stx of the 
plants are ineluded In both yea.rs. CapacItY or the 1ncluded plants ranges 
from 10,000 to 38.800 thousand common-brIck. equivalents In 1925 and trom 
10.000 to 37.500 in 1935. Total costs per thousand common-br1ck eQu1valents 
range from $7.94 to $19.15 1n 1925 and from $7.07 to $1B.04 In 1935. 
blnclUdes deprec1at1on, property taxes, insurance, maintenance and repairs, 
and other overhead expenses. 
Clncludes executive and clerical salaries and other adm1nistrative expenses. 
dColllPosed chiefly of interest payments and sales discounts. 
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T.~I. A-ID.- YIAR-TD-VlAR CHAHIII IN UTILIZATION D. LAlOR, 
IIIHT IDINTICAL IRICI AND TILl 'LANTS, 1111-1'& 

ProduCUOIi It_Ito ..... pa .. if_kolin ChUl .... 1ft __ haUl'S 

(IiUlIon or tbo"aUl<l ut-lUnd ( t.holla_da) 

co .... n-brlck co .. o .... brick 111 pro<N<:t1oa d.,,:. , ... ".<l1rlll 7 .... 
_qui ,..leDts) aqulTala .. ta or .&Chllle..,. dua \0 cbuQ •• 111 _ 

It_bo" .. s M_hour. 
Y •• r Gro •• , .. utlUnd 

Ch&ll,. CbanQe lI<ld1t.101'll .- tho".Uld .. Total 
GITall 111"1<:. 011'an Ilnca (tbou"ude hou ... • PZ'<)du,,_ 

':0 __ 

,roduc- o, y.--.. pr.~.'Un, "', ... pncedla, or ( t.hou- tlon 
bricll: Hell t.br •• 

;' .. " y .... doUare) ,anda, aqui"._ of t&<:~r. 

len1.a • ..,"1""17 
192!! 12(1~ - e.II"c - " '" - - - -
1927 '" -, "',!l2 e +0.113 " ill -" ." -" _M 

"'" ". ., g,32 -0.20 " .. . ,. -" ... ... 
1929 ill. -'" '.00 ·0.28 " " _tile .'" -" _173 

"'" m ., 8.116 _1.02 , , ." _113 -30 -os 
19S1 " -" 9.<18 -0,10 " " -228 -e 'W -22~ 

"" " -" , ... "0.111 ,. " -216 ., . -''''' 1933d 

'" -" 11.01 ttl. 37 , , _332 ., -u -m ",. " ." 9.1\1 .0.00 • • .,,' -'" ., +323 

"" '" -" 10.07 +l.lIe , , _lel . ., -. _102 

·In tile .UlluT'eaent Or tbe .. t J •• rn' eban,. 1ft tile fta.blr or_n-llour. expeftlled (M). cl!aA,e. 111 t ..... 
r,ctOT'S lIere taken Into eon,ld.ratlon: the prQGlIctlOn or caaaon-Drick 'quiTal.nt, {PJ. tbe nullber or 
.. n-hours requlnd per thousam1 coa.on-tlrlck .qulvaants (ft), &lid tile lluatler <;jf .. n-hour. utlllW<1 1ft 
proouctlon ofmachlnerJ (H). To deteralne Mn-hour chanlu ,ttl'ltlutable tochan8ealnprO(luctlon, tlsa 
dUrerencu tletll~en pr()(luctlon tn tM Uvenand preceQ1R1 years (PCPo) "118 aultlplled bJ the ... n-hour 
ratio tor the preceQlng yur (lI o)' Since thll doee not t"ke Into aCCount chan, •• In th.Mn-hour 
rltlO, the IIIIft-hour change a Ittrlllut"IIle to chanl.a In th. ratIo "ere deteratRed tly lultlp171nl the 
dlfference Dltwun the ratlOa In the 81ven and preeedln, 7eara (lleRo) 1)7 the prO<1uc:tlon or co_on
brick equlvalent, In tne KIYen Jear (P1)' Chant .. In _n-houra utll1zed In prO(luctlon of .. cblner:r 

were ~a~urt'd D7 Jear-to-year dHr,rene,. (H1-Ho)' Thua Ml"lCP1-PolRJ+[(1I1-lIo)Pl]+{tll-HJ. 

The UeU.,,,tlon lapllelt In ttlh proceClure 1~ tbat ,ur-to-7.ar chanles III. O\ltputlra largla In<1.pend,at 
or cl1&ngn In untt lallor reQ.ulre.ente. 

tlPrecedlng eolUJIn lIultlpl1ed DJ .. n-hoUT'1 t)er dollar ot valu., ahown In taDll '-2e, no. 0. 
CpertlY eetl_ted. 

c!ngure.!. are based on (lata tor !lYe pienta .. elne. thr .. of ttl, plallta •• re not o»-ratlnl III UI53. 
·uu tllan 500 un-hour.. 

T •• I. A-II.- CHAHalS IN IMPLOYMENT O' LAlOR ACCmN.AHYIKI THI 
INSTALLATION or MACHINERY IN II IRICK AHD TILE PLAHTI 

1I10_lIa 

Ma.,hln •• Inatalled Plaht I.b .... (nwoober ot ... nl b _ 
Year YalUe IIIbodled l .. bor~ 

NUllber of unit_ (dollan) (.",,_hour,,) Displaced Added 

", '" '" '" ,OJ 
"'hl ... ee3,2:l1 &'111,444 '" " 

'"'' , 33,!o!IQ 24,IM! .. , 
1921 , "'.- 19,228 , , 
11122 " 2!o.9!10 24, ell3 , , 
11123 " eo,'1~7 411,213 , 

" 11124 " 102.400 6O,811e1 .. , 
11l2~ " 4". '811 3'1,036 ill , 
11120 " 11"'.060 "II, ?811 " , 
11l2? , ".300 2"/',11511 , • ,,,. .. 1(18.230 121.125 " • 19119 " 85,313 fI$,014 .. ,. 
"'" " <115. 3D? 30, as" " • 
11131 ,. 

~,O82 "3,20e • • 11132 , 11.200 10,304 • • 11133 , 25.1211 2".CIII:3 • , 
1113<11 , 57.153 11".11$11 0 , 
"" , 22,8011 ao.1I28 , , 
~" a" not c_pa1"lDle tro. ""1' to """, alace 01117 t.IIe laau,l1.au .. tor "loll tIM e .. lo,..al 
atreet. lIere rloortla are Inclbded In th11 tat.l,. 
bll&aed on I1It etfeet of each In,tallat1Gn. 

Cl'aiU. aultlol1ed til MD.-houra per dollar ot nIH Illowa 18 table .1.-&8. 



Year 

1915 
1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 

1925 
1926 

1927 
1928 
1929 

1930 
1931 

1932 
1933 
1934 
1935 
1938 

Tabla A-!2.- OPBRATINB AND INDIRECT MAN-HOURS PER THOUSAND COMMON-BRICK EOUIYALENTS PRODUCED 
BY PLANT, 1915-36' 

ReSion. plant, and plant size 

IV_I_M VII_2-M b 111-3-S IV_4_Hc IV-5-S VII-6 IV-7 IV_B_Hd V_9_Sderg IV_lO_S VII_l1_ Sd 

7.5 
7.5 7.7 10.3 13.6 19.2 19. :3 4.2 
8.7 1'7.1 10.9 n.a. 18.7 13.6 4.5 

10.2 n.e.. 13.2 n.4, 1'7.8 10.'7 n. a. 13.6 15.8 18.8 
7.7 4.6 11.1 13.2 1'7.6 10.2 •• 8 13.3 13.9 16.2 16.2 
7.0 •• 5 10.8 18.6 17.3 13.1 4.5 13.5 14.7 17.6 14.0 

6.2 n.8. 11. 4 13.5 22.1 12.7 '.3 12.0 14.1 16.5 17.6 
5.9 12.8 9.7 13.3 18.0 12.3 '.3 11.5 14.0 1'1.3 18.4 

5.8 14.0 10.5 13.2 18.4 12.3 '.2 12.8 13.5 18.5 14.4 

5.' 13.8 11. 4 n. a. 15.9 n .a. '.2 11. 5 14.4 19.2 15.5 
5.0 24.5 11. 3 13.1 1'7.4 n .4. 4.2 10.8 13.1 18.0 15. '7 

5 .• 14,7 11. 2 n.9.. 21. e n .s. 4.4 10.0 12.6 1'7. '7 16.0 

'.9 12.8 12.2 14.1 18.6 12.,2 ••• 9.6 11.9 16.9 18.5 

5.5 n. a. 11. 4 13.4 27.6 n.8. n. a. 9.3 11. 4 1'7.0 13.9 
5.1 15.3 13.4 14.3 19.3 n .a. n. a. 11. 2 10.5 19.6 13.7 
5.6 13.7 11.7 13.2 n.8. n.8. n.a. 8.7 14.2 18.5 11. 8 

'.8 13.8 31. 8 14.8 n. B. n.a. n.a. 9.7 12.1 19.0 13.4 

6.2 11. 3 n.B. 29.1 n .a. n.a. n.s. 15.8 13.4 23.6 103.0 

n. a. 32.9 n. a. 13.6 n.8. n.a. n. a. 9.6 12.8 n. a. 15.5 
n. B. 11. '7 15.4 14.6 n.8. n.a. n. a. 9.7 13.4 n.8. 13.8 
n .B. 15.4 18.2 14.8 n.B. n.B. n .a. 9.4 18.0 n.a. 15.8 
n.B. n .a. n. a. n. a. n. a. n.a. n.a. n.a. n.B. n.a. n.B. 

- - -

See rootnot98 at ena or table. 
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Year 

1915 
1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 

Tabla A-32.- OPERATINB AND INDIRECT MAN-HDURS PER THOUSAND COMMON-BRICK EOUIVALENTS PRODUCED 
BY PLANT, 1915-36& - Continued 

Region, plant, and plant size 

IV_13_Lh IV_14_L h 1-15-L IV_16_Lh IV_17_L h IV_IB_Lh IV:-19_L h IV_20_Lh IV-21 h IV_22_S1 VI 1-23-8 1I-24-H 

4.9 5.5 11. 6 5.6 5.2 7.6 5.4 6.3 6.4 
5.4 5.6 10.3 5.1 5.2 6.7 5.9 6.0 5.0 11. 4 11.2 10.0 

4.8 4.9 7.9 5.8 6.0 n ••• n ••• 5.6 n.a. 13.2 18.:5 10.0 
4.6 4.4 8.1 4.8 4.6 4.9 4.4 4.8 5.2 12.0 12.7 9.7 
4.7 4.4 7.4 4.9 4.9 5.0 4.5 5.7 4.6 9.4 9.9 9.1 
4.8 4.8 7.1 4.B 4.5 4.8 4.4 5.2 4.1 8.4 11.4 8.7 
4.B 4.4 6.5 4.6 5.1 5.2 4.6 4.8 4.4 8.8 10.9 7.9 
4.6 4.3 5.9 5.0 5.0 5.' 4.9 5.7 4.4 10.4 10.2 8.2 

4.9 4.1 6.4 5.1 5.3 6.2 5.4 5.1 4.2 9.8 11. 9 7.5 

4.5 4.3 6.0 5.7 5.4 4.9 5.4 B.6 n.& • 8.6 8.4 7.8 

5.2 5.8 6.1 4.9 5.2 5.5 5.2 n.a. n.8. • 8.2 7.5 8.5 

7.8 '.7 6.0 7.2 8.4 8.9 5.7 n.8. n.a. 9.2 7.2 7.9 

n , •• n ,a. 5.1 n .a. n ••• n. a. n .a. n.a. n.a. 9.3 8.0 8.6 

n.a. n.a. 5.7 n , •• n.a. n.a. n. a. n.a. n. a. 8.8 7.5 8.4 

5.9 n.& • n.8.. n.a. n.a. n.a. n.a. n.a. Il.a. 9.1 9.3 8.7 

32.3 4.4 n.a. n ••• n.a. n.a. n ,a. n. a. n. a. 9.3 5.9 9.5 

10.4 4.7 n ••• n.a. n ,a. n.a. n.&.. n.a. n.a. 9.2 5.8 9.8 

15.2 4.9 n. a. n. a. n.a. n.a. n.a. n.a. n.a. 12.a n.a. n.a. 

See footnotes at end or table. 

IV_25-Sd 

9.0 

11.4 
7.0 
8.7 
9.7 
9.8 

10.2 

9.6 
8.8 
9.1 

10.3 
14.7 

10.5 
10.0 
13.3 
12.8 
n .a. 

... 
(I) 
01> 
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Z 
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Year 

1915 
1916 
1917 
1918 
1919 
1920 

1921 
1922 
1023 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 
-

Tokio A-12.· OPERATINB AND INDIRBCT MAN-HOURS PIR THOUSAND COMMON-BRICK IOUIVALENTI PRODUCBD 
BY PLAHT, 1915_36& - Continued 

---------

Region, pI ant, and pl ant size 

IV-26-S IV_27_L J V-28-L IV_29_Mde 1-30-M VI-31-L IV_32_L k1 V_33-M J V_34_L de II-35-L V_36-MJ 1-37-8 

, 
8.5 6.' 

n.lIl. D.Il. a.5 11.B 14.1 
7.1 5 •• 9.3 10.5 n.a. 6 •• 10. ? 
9.a 5.0 9.a 9.7 15.9 10.7 10.4 14.8 10. :5 9.6 11.1 11:5.4 

7.2 5.2 10.3 a •• 12.8 12.3 10.8 18.9 12.1 a.' 13.9 n.a.. 
6.9 5.2 a.2 8.9 9.8 12.6 10.9 15.1 9.2 8.7 24.1 15.0 
7.0 5.2 7.2 a.7 9.3 12.2 11.3 15.5 11.7 n.a.. 18.9 n ••• 

'.6 5.1 a.o 9.6 a .• 12.9 11. 3 1'1.0 11.8 8.3 14.8 14.8 
8.8 5.0 8.7 9.5 8.3 11.0 11.2 19.9 12.3 9.2 18.8 15.2 

10.0 5.8 10.2 9.2 7.' 12.3 10.9 21.0 12.8 9.3 24.2 16.8 
11. B 5.2 8.2 9.7 6.6 16.9 15.5 18.8 12.1 9.7 15.4 16.3 
15.4 n.a. a.9 10.4 7.3 16.7 13.2 27.9 19.9 8.6 49.5 16.5 

7.2 n.a. 10.3 15.9 8.3 14.2 10.~ 48.0 30.2 10.8 47.9 18.2 
n .a. n.a. 0.9 14.1 6.9 7.1 n.a. 34.4 18.4 8,2 44.4 40.5 
12 . .5 n.a. 7.0 21.0 6.3 13.7 n.a. 35.1 49.0 10.7 23.8 17.8 

11.. 7 n .a. 8.3 13.5 8.0 9.9 n.8.. 13.~ 12.6 10.'7 20.4 16.0 

n.a. n.8. • n.8.. n.8. . n.a. n.a. n.a. n.a. n.a. n. a. n.a. n.a. 

See footnotes at end of table. 

IV_38 

7.3 
6.1 
6.6 
6.2 

6 •• 
n.a. 
n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 
n.&.. 
n.a. 

>
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Year 

1915 
1916 
1917 
1918 
1919 
1920 

1n1 
1922 
1923 
1924 
1925 
1926 

192? 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 

T.~I. A-52.- OPERATIN8 AND INDIRECT MAN-HDURS PER THOUSAND COMMDN-BRICK EOUIVALENTS PRODUCED 
8Y PLAHT , 1915-3&& - Continued 

Re~ion. plant, and plant size 

II-39-H II_40-Hde IX-41-L 1I_42_Sc IV_43_Sde IV_44_Mde III_45_Kde 1II_4~Kde II_47_Ld IV_48-Hd 11-49-8 , 

. 

15.4 
14.3 14.8 6.9 10.1 19.1 13.6 10.0 11.5 

15.2 12.1 9.0 9.3 18.6 12.2 11.0 11.5 9.9 7.9 13.5 

13.8 14.2 8.3 9.1 17.8 11.8 9.9 10.6 11.0 7.6 13.7 
14.1 12.7 8.1 9.7 17.0 11.9 11.1 12.8 11.8 7.3 11.0 

14.7 10.6 9.6 9.9 16.9 11. 3 11.1 9.8 9.7 7.9 11.1 

15.1 11.4 10.7 16.4 29.6 12.9 18.5 16.9 10.8 9.' 11.8 

16.2 10.6 10.3 12.7 3.2 10.5 n.a. n.a. 11.6 15.8 15.2 

16.2 13.3 7.2 23.4 n.8. 13.0 n.a. n.a. 34.9 13.6 20.2 
15.1 20.1 10.8 12.4 24.9 13.6 16.4 n.& • 11. 5 12.3 8.5 

132.5 27.2 9.8 10.0 70.8 n.e.. 10.1 n.a. 9.' 11. 5 9.6 
n. a. n.a. n .a. n .a. n.s. n.a. n.a. n.a. n.a. n.a. n.a. 

Bee footnotes at end or table. 

II-50-M'" 

10.2 
9.6 
9.7 

11. 2 
12.4 

14.0 
13.9 
10.4 
10.2 
n.a. 

... 
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'" 

'" '" ~ n 

'"' .. 
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... 
~ .... 
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Year 

1915 
1918 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 

T •• I. A-IZ.- DPERATIN' AND INDIRECT MAN-HOURS PER THOUSAND COMMON-BRICK BOUIVALENTS PRODUCED 
BY PLAHT, 19t5-3S a - aont'n~ed 

Region, plant, and plant size 

1II_51_Mel 1II_52_Mdm III-53-Me! III:-54_ S d VI_SS-S ele IV-56-L IV_57_M el l IV-5S g 1_59_M 1no II-60-S P IX-61_Hd 

8.6 11.2 7.8 9.7 
8.2 13.3 8.1 10.1 15.1 6.2 8.3 14.2 7.6 15.1 7.9 
8.4 13.2 8.4 n. a. 12.9 5.1 7.8 12.8 10.6 13.7 8.1 
8.2 11.6 8.2 n.a. 11.0 5.2 9.2 13.9 5.4 14.2 8.1 
8.4 10.7 9.1 n.a. 14.1 8.8 8.' 10.3 5.7 19.1 10.5 

8.1 9.0 n.s. n. a. 15.3 11.4 9.2 10.4 6.9 11. 2 8.7 
n.a. n.a. n.s. n.a. 10.9 6.' 11. 2 13.6 8.6 10.1 10.-4 

7.3 9.1 n.a. n.a. 13.4 18.9 10.4 10.0 5.' 14.3 16.2 

9.3 11.2 n.a. n .a. 11.6 10.9 10.3 14.3 7.' 11. 4 25.1 

n.8. n .a. n .a. n. a. 11. 4 n.a. n.a. n.a. n.a. n.a. n.a. 

See (ootnotes at end of table. 

IV_62_L d Q 

7.3 
7.3 
7.7 

6.' 
6.6 
8.3 
9.8 
9.2 
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Year 

1915 
1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 

T.~I. A-lZ.- OPERATIN8 AND INDIRECT MAN-HOURS PER THOUSAND COMMON-BRICK EQUIVALENTS PRODUCED, 
IY PLANT, 1915-1S" - aontlnued 

Re~lon, plant, and plant size 

1I_63-S c VII-64-S VII_6S_H d VII-66-H VII_67_M d VII_6B_S d VII_69_Hde 1_70_5 11 VU-71-S V_72_SdP VII_73_Hd 

. 

12.0 9.7 9.1 8.1 7.1 14.1 7.9 12.5 8.5 12.0 7.1 
12.9 8.4 10.7 10.0 7.1 10.7 8.9 11. 7 11.4 18.9 8.9 
11.0 8.2 49.8 8.6 9.8 9.1 8.5 14.9 10.8 11.6 8.8 

11.8 8.4 10.5 6.2 7.0 7.1 11.8 17.3 10.9 16.4 14.2 

13.2 8.2 76.0 11. 9 11. 9 8.5 8.6 12.5 9.1 12.2 9.0 
13.9 12.0 9.8 21.9 13.3 8.3 7.8 15.6 9.1 9.B 9.2 
12.8 9.4 10.0 11.6 10.1 9.2 7.4 21.0 12 • .1 9.9 9.2 
11.9 13.5 n.a. n.B.. n.a. n.a. n.a. n.a. D.a. n.a. 0.1.. 

See rootnote. at end ot table. 

lII-74-H' 

11. 2 
10.2 
14.4 

17.8 
17.9 
25.4 
17.3 
n.a. 

... 
QD 
QD 
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z 
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Year 

11315 
1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1924 
1925 
1926 

1927 
1928 
1929 
1930 
1931 

1932 
1933 
1934 
1935 
1936 

T.bl. A-S2.- OPERATING AND INDIRECT MAN-HOURS PER THOUSAND COMMON-BRICK BOUIYALSNTS PRODUCED 
IV PLANT, 1915-36& - Continued 

Region, plant, and plant size 

VII_?5_Sd IV_76_Lde III_77_M d V_78-M r VllI-79 VII_BO_Mde VI_81_Sde IV-B2-M VII_Bade IV_B4_S d V_85_Hd. 

10.8 15.5 
11.6 14.5 10.0 9.6 
11.6 n.a. 1l.0 B.9 9.0 7.6 10.4 lB.O B.B 

14.8 n.a. 9.B 7.6 7.2 B.B 15.0 7.1 11.0 25.7 

11. 9 n.a. 10.8 B.7 B.B 5.5 9.5 n. a. n.a. 23.7 10.2 

11. 1 n.a. B.5 B.3 B.B 6.B 10.1 14.7 n.a. 25.7 10.5 

12.6 n. a. 10.9 B.7 7.B 7.2 B.9 D.a. 6.2 23.3 9.' 
n.a. n.a. n.a. n.a. n.a. n .a. D.a. 11.0 n. a. 20.5 n.s. 

_ .. 

See lootnotes at end or table. 

VII_Bede 

n.a. 
n.a. 
B.3 
n. a. 
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Tabla A-3Z.- OPERATINB AND INDIRECT MAN-HOURS PER THOUSAND COMMDN-BRICK EOUIVALENTS PRODUCED 
BY PLANT, 1915-3&& - Oontinued 

STetal operating and. 1ndlrect aan-hours Include the rollowing depart
aents: Clay. machIne house (includ1ng dryIng). settIng and tossing, 
burn1ng. hand.IIng and loadIng, and IndIrect la~or. such as maIntenance 
and repaIr, power, trucking (Within the plant). superintendent and other 
(wstchll\ll.R, etc.). All offIce and clerical runctions are eXCluded. 

The reg ton Is shown by the roman numeral precedIng the tactory COde 
nUlIlber. (See table A-1 for States Included In each regIon.) The size
divisIon of plants Is based upon est.1matea annual capacity measured 
In cOllllllon-brick equivalents: Small (5). less than 15 mIllIon br1ck; 
aedlua (M), 15-.29,9 m11110n brIck; and large (L). 30 1I'I1111on brick 
or over. 
bFlgures tor 1927 and prIor years exclude man-hours or superIntendent •. 
cDiverse products are combined Into simple aggregate. . 

dDlverse products are combIned on the basIs or relative labor-Ume 
reQuirements. 

eDIverse products are combIned on the basis at relative labor-tiMe 
reQuIrements found In sImtlar plants. 
tHan-hours tor tbe second haIr at 1929 were estllll8.ted on the assumptIon 
that the man-hour ratio for the fIrst halt Is valid tor the second halt. 
SHan-hOUrs are unrel1able tor 1929-30 tor plant 9. 1930 tor plant 58. 
and tor unspec1tled years tor plant 57. 

httan-bours tor load1ng and tossing ror the years 1922-27 are derived 

rroa all otber operating and indlrect aan-bours by calculatIng tbe 
aYe rage percentage tor the period 1928-35. 
INa handlers and loaders are shown. nor any IndIcatIon as to "hether 
they are Included In another department. 
JDlverse products are combIned on a sImple physlcal-welght basIs. 

kpart or output Is glazed. 
IJanuary 1933 to November 1935. 
MPlant has machine shop supplying other plants or the sallie corporatIon 
wIth spare parts. etc. No proratIng has been attempted. 
Relay IIIInlng Is done by contract labor not shown In aggregate lII8ll-hours. 
°Sollle labor spent In ne" construct10n is likely to be IncluOeci in total 
operating and Indirect labor. 
PDellvery truckIng 1s Includecl. 
QDa ta are ror two unl ts. 1929 and 1930; and tor one unl t only tr0l11931 on. 
rOutput Is measured In terms at brick sold. unadjusted tor annual 
inventory. 
o.a. Data notaYailable because plant 181dle or dismantled. or tor S01l8 
oth.er reason. 
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APPENDIX B 

TECHNICAL NOTES 

ANALYSIS DP THB SAMPLE 

' .. ld ••• JIB 

The production data for the universe, taken from the C 
e1lSll 

of Nanufactures, include production fromallestablishments s-
Pro, 

ducing clay products without regard to size of the OUtPUt ' 
, WI to 

the exception of establishments which were idle throughout 
year orwhich in the years 

at less than $5,000, 

the 
1921 and 1923 reported products Val 

Ueq 

Product ion data (in physical uni ts) f or the sample were inc IUd 
ed, 

(a) Only for those plants and years for which correspond' ' 
lng 

(b) 

man-hour data were available. 

Only where the total production of the plant far 
the 

No incomplete annual prOQ 
Uc, 

gi,ven year was reported. 

tion data were included. 

(c) Only for the five products, common brick, face br' 

vitrified brick, hollow building tile, and drain t~~k, 
For both sample and universe production data are for burned b . e, 

r1ck 
and tile. These data were then converted into common-br' 

f 'f " lck equivalents by use 0 the COnverSIon actors glven In table A 
"1<. 

MI.-h ..... 

The man-hours for the universe are estimates based on ce 
h ' '1 1 h 'f nsus data. T ese estImates Inc ude on y t at port1on 0 the time 

d h k ' 'b' Ot wage earners reporte by t e census as war 1ng 1n rIck and t. 

establishments wh ich could be properly allocated to the prOduc :le 
t10 

For methods used in obtai' n. of the five specified products. 

the estimates, see pages 196-8. 
U1ng 

The man-hours for the plants in the sample inclUde aU 1 
, '1 d d '1' d abor t1me of wage earners 1n p ant an yar Ut1 1ze directly 

indirectly in the production processes (operating and iDdi or 
rect 

labor), Any man-hours used in transportation of prOdUCts I 

the plant and also any used in construction or major rep :Clrn 
a1r::; 

of structures and equipment are excluded, For a list Of 
the 

191 



192 BRICK AND TILE 

principal occupations included see appendix C. The man-hours 

for the plants in the sample were included only when corre

sponding production data were available for the given years. 

For the universe the number of establishments is the number, 
as reported in the census, whose major product isany one of the 
five specified products. This would be somewhat less than the 

number producing these products, but the census does not give 

the data necessary for determining this number. Establishments 
not operating inany one year are omitted for that year. Estab
lishments which sell from stock but do no manufacturing are not 
considered as operating. While some establishments may include 
two or IOOTe plants operating under common ownership, the term 

Hestablishment" usually signifies a single plant. 

For the sample each establishment signifies one plant. Plants 

not operating in anyone year are omitted fran the sample for 

that year, as are all plants for which either man-hour or pro

duction data are lacking or are incomplete for the year. 

The establishments in the universe selected for comparison 

with the sample in respect to size were necessarily those whose 

major product was one of the specified products. The total 

product ion of these establishments was converted into common-brick 

equivalents by means of the conversion factors shown in table A-1 4 

when thequantities of specified products were given, Of by means 

of average value at comparable establishments when the quantities 

were not given. The man-hours for the universe were the total 

man-hours utilized in this production. Hence neither man-hours 

nor production in table A-ll agrees with that in table 23 since 

some of. the products of these establishments are not brick and 

tile as defined by this study and some brick and tile are made 

in other establishments. 

The States in the universe were grouped together in regions 

on thebasis of Reographic location and markets, with the excep

tion of Area IX which included all States not included in the 
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other regions, either because data were lacking ~r because the 
production was relatively unimportant over the period of years 

surveyed. The production of common brick was made the basis 

for classification into the nine regions. For the other four 
products the same numbering and general geographic location of 

regions were followed, butthe boundaries were sometimes changed 
by excluding froma given region the States that were relatively 

unimportant in the production of the given product. Also insome 

cases an entire region was omitted because of its relative un

importance in respect to a given product. These differences are 

indicated in the various tables. 

PRODUCTION AND AVERA IE VALUE PER UNIT OF PRODUCT 

C __ I. Irick 

Quantities and values of common brick produced or sold were 

obtained from the Census of Manufactures for census years 1869-
1935 and from Nt1ler(Jl Resources of the UnIted States! annually 

for 189'1-1918. 
brick produced 

It was necessary to est imate the number of common 

in 18'19 and 1859 from figures of total value of 
brick produced as given in thecensus. This was done by dividing 

the total value by the average wholesale price of common brick 

as reported in the Aldrich Report ,2 adjusted by an estimated ratio 

between unit value and price based on data for 1869 and 1879 when 

bot h were ava,; lab le. 

Average values per thousand common brick were obtained for the 
years 1869. 1879. and 1889 from total value and'l.uantity figures 

in the census. Average values per thousand for years 1899-1918 
are those obtained from Hlner-al Resources of the Un1ted States. 

Average values for 1919and sub~equent years are from the census. 

, ••.• Brick 

This product is notreported separately prior t01869. Quantity 

and average values per thousand brick for 1869-1935 are fromthe 

same sources as those for common brick. 

lQ.uantltY figures from this ~ourCF! re!"er tOA.Dlounts solcl and value of sales. 
2U. s. congress, senate, 1fhoLesa~e Prices, lIages andr,.-anspo.,..tation. S. DOC. 
No. 3074. 520 Cong., 2d s~ss., 1893. III, Dart IV, 222. 
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yitrtfl •• BriCk 

This product is not reported prior ta1889' Quantity and average 

values per thousand brick for 1889-1935 are from the same sources 

as those for common brick. 

Hallow Butl'I., Ttl. 

This product is not reported separately prior to 1896. Quan
tities prior to 1917 were estimated from total value by dividing 

by the est imated value per ton. In the period 1896-1917 average 

values per ton are available for 1899, 190~, and 1917. Average 
values were estimated for 1900-3 inclusive by a straight-line 

interpolation between 1899 and 190~; and quantities, bydividing 
interpolated average value pertoD for each year into total value 

reported. For the years intervening between 190~ and 1917, the 

ratio of average value per ton of hollow building tile to the 

average value per thousand common brick was interpolated on 
a straight-line basis. The average value per thousand common 

brick in each year multiplied by the respective interpolated 

rat io gave an est imated value per ton of hollow building tile. 

The same sources were used as for common brick. 

Drain Tile 

Drain tile is not reported in 18~9. Quantities prior to 1919 
were estiMated from total value by dividing by value per ton. 

Average values per ton were estimated for census years 1859, 

1869. 1879, 1889, and annually for 1896-1918 on thebasis of the 

observed relationship between average value per thousand common 
brick and the average value per ton of drain tile from 1919 to 

1925, which was very steady. Th~ same sources were used as for 
common brick. 

CONVERSION OP CENSUS PRODUCTION DATA 
INTO COMMON-BRICK EOUIVALENTS 

A geometric average of the ratios of the value per unit iper 

thousand for brick and per ton for tilel of each product to the 

value per unit of common brick for each year from 1919 to the 
present was computed. This was 1.5~5 for face brick, 1.936 for 

vitrified brick, 0.593 for hollow building tile, and 0.687 for 
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drain tile. These ratios were used as conversion factors to 
convert the quantities of face brick, vitrified brick, hollow 

building tile, and drain tile into equivalent common-brick units 
for the years 1919-35. It was noticed that the value per unit 

of face brick maintained a fairly stable ratio to the value of 

common brick prior to 1912, which was around 1.9. From 1869 to 

1911 the conversion factor of 1.958 was used, which is the geo
metric average of the rat iDS of the value per unit of face brick 

to the value per unit of common brick from 1899 to 1911. From 
1911 to 1919 there was a downward trend in this ratio; hence for 

the years 1912-18 inclusive a geometric interpolation between 

the ratios 1.958 and 1.5~5 was used. 

For vitrified brick prior to 1919 the geometric average of the 

ratios from 1899 to 1918 was used as a conversion factor. This 

was 1.808. 

For hollow building tileprior to 1917 values per ton for only 
~ years weregiven. In 1899 this value per ton was approximately 

the same as the value of common brick per thousand. By 190~ the 
ratio of the value of a ton of hollow building tile tothe value 
of a thousand common brick had gone down 10 percent and by 1919 

approximately q.o percent. The downward trend in this ratio seems 
reasonable considering the increasing development of the produc
tion of hollow tile. Having no other given data with which to 
work, a straight-line trend for the conversion factor for hollow 

building tile was assumed between 1.00 in 1899 andO.593 in 1919, 

The plotted ratio for the relation of value per unit of drain 
tile to the value per unit of common brick showed some upward 

trend from 1919-35. Hence the conversion factor chosen for the 

period 1899-1918 1nclusive was the average for theyears 1919-25, 

or 0.655, a lower one than for the later period. As computed, 
the ·common-brick equivalent of drain tile for the years previous 

to 1919 is essentially the value of the drain tile for the year 
divided by the price of common brick for that year. 

The sum of the equivalent common-brick production for all of 
the products for each year gives the production for each year 
in terms of common-brick equivalents. 

See pages 193-~ for the sources of thedata used for computation 
of conversion factors andpage 2q. for discussion of the limitations 

of the methods used. 



196 BRICK AND TILE 

BSTIMATED BMPLOYMENT AND MAN-HOURS 
IN BRICK AND TILE MANUFACTURINB 

Average Number.- For the years 1925, 1927, 1929, and 1935 the 
census reports the number of wage earners in establishments clas
sified bymajor product. together with the quantity and value of 
the major product and the total value of all products produced in 
these plants. These data. together with the total quantities of 
each of the products produced in the United States, make possible 
an estimate of the number of wage earners tobe allocated to the 
production of the five products of the industry. The formula 
used for the number of wage earners allocated to each specified 
product was to multiply the total number of wage earners by the 
ratio that the value of the specified product was of the total 
value of all products produced in t he given class of establishments 
and then toraise this number by multiplying it by the ratio that 
the total quantity of the specified product produced is of the 
quantity produced in these establishments. Since most of the 
five products were produced in these establishments either as a 
major product cras a secondary product, the error in this method 
is not great. 

For the years 1879-1909 the census gives similar data for what 
it designates as the "Brick and Tile n sector of the clay-products 
industries. This corresponds fairly closelY but not exactly to 
the definition used in this study. The number of wage earners 
as given in the census for this sector was multiplied by the 
ratio that the total value of the five specified products. wher
ever produced, was of the value of all products in this sector. 

From 18~9-69 the number of wage earners forbrick and tile was 
either reported separately for building brick and drain tile or 
reporteq.. toget her for these two so t hat no est imate was necessary. 

Hollow building tile and paving brick do not appear in census 
reports before 1879' 

For the remaining years, itwas necessary to make estimates on 
the basis of the ratio of the value of the five products to tbe 
value of the products in thecensus classification of "Clay Prod
ucts lOt ber Than Pottery J and Nonc lay Refractories." A correc
tion based on data for the years 1925. 1927, 1929. and 1935 was 
made for the fact that the value of theproducts per wage earner 
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in the brick and tile sector is less than in the remainder of 
the industry. 

For the years 18~9-89 the census schedules asked for the average 

number employed during the mont hs of continuous operat ion. In 

order to enable comparison with subsequent years, it was necessary 

to convert this average number to an average for the 12 months . 
. This was done bymultiplying the average number employed as given 

in the census by the ratIo of the estima,ted number of weeks of 

operation in these years to 51, that is, the working weeks in a 
full year. allowing 6 days for holidays. 

Nan-hours.- In general, the total number of man-hours for each 

of the census years 1869-1935 was computed. by multiplying actual 

hours worked per week by 51, the number of working weeks per 

year, and this in turn hy the average nun.ber of wage earners. 

In 1869 and in 1879 the number of hours per week was estimatea 

at 60. after examination of data on hours per week for those years 

for various industries and occupations in the United States Bureau 

of Labor Statistics Bulletin No. 499, HJstory of Waies tl'l the 

UnJtea States From ColontaL Ttmes to 2928. 

The number of hours per week for 1889 was based on information 

in theELe'Venth Census of the llnded States: l890 on the length 

of the working day. For the census years 1869. 1879. and 1889 

t he number of actual full-t ime weeks worked per year was ass umed 

to be 31.2, which was the average term of operation of establish

ments in 1889 as determined from average-weeklY-earnings data in 
the census. The product of the number of weeks and the number 

of hours perweek gives the total hours per year per wage earner. 

For census years 1899-1929 the number of hours worked per week 

was estimated from full-time or prevailing hours of work per 

week corrected to represent the number of actual hours worked, 
and this was multil'lied by 51 weeks, the estimated number of 

working weeks in a year. 

The average number of prevailing hours of labor was computed 

from frequency distribut ions given by the Ce nsus of !lanufac t ure s 

for 1909. 191~. 1919. 1921. 1923. and 1929' The figures for 1899 
and 1904 were interpolated on a straight-line basis between 1889 

(based on the stated prevailing length of the working day I and 

1909' The figures for 1925 and 1927 were similarly interpolated. 

Computations based on a comparison of customary or full-time 

hours per week with t he number of hours actually worked in the 
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common-brick industry for pay-roll periods in 1922, as given in 
the Bureau of Labor Statistics Bulletin No. 359. Product1v.ty 

Costs 1n the Common-Br'tck Industry. indicate that, ontheaverage, 

wage earners in the common-brick industry in 1922 worked 88.8 

percent of the full-time hours. This percentage was applied to 

the series of full-time hours per week for census years 1899-

1929 to obtain actual hours worked per week for these years. The 

figure for the hours per year per wage earner is the product of 

actual hours worked per week and 51, the number of working weeks. 

The average number of hours worked per week for 1933 was based 

on Bureau of Labor Statistics data and was obtained from National 

Recovery Administration, Division of Review, Evidence Study No. 
38, Structural Clay Products Industry (mimeo., Sept. 1935). For 

1935 the average number of hours worked per week was obtained 

from the )(onthly Labor Review giving the data for the HBrick, 

Tile and Terra Cotta" industry. This number was multiplied by 

the ratio that the 1933 BLS figure for this industry bore tothe 

NRA IBLSJ figure for the "Structural Clay Products" industry for 

the same year. 

Sal.ri.d Employ ••• 

Number.- In general, the number of salaried employees for the 

brick and tile sector of the industry was obtained by multiplying 

the average number of wage earners estimated for this branch of 

the industry by the percentage that the number of salaried em

ployees was of the number of wage earners for thecensus industry. 

In 1925 and subsequent years the number of central administra

tive officers was not included in the census figures, but in 

1925 the census stated separately the number of such employees. 

For subsequent years the number of salaried employees was increased 

on the basis of the 1925 data to correct for this omission. 

The number of salaried employees was not given by the census 

in 1931 nor in 1935. The number for 1931 was estimated by inter

polat ion between 1929 and 1933. The number of salaried employees 

in 1935 was obtained by assuming the same percentage relationship 

between salaried employees and wage earners in 1935 as in 1933' 

Nan-hours.- The number of man-hours for the salaried workers 

was computed only for 1929 for the purpose of inclusion in the 
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vertical structure of the industry. The number of hours worked 

per year was assumed to be the product of five and one-half 

5-hour days per week and 51 \l{orkin~ weeks per year. 

ESTIMATED EMPLOYMENT AND MAN-KDURS IN THE 
VERTICAL STRUCTURE OP THE INDUSTRY 

PrDdue'iDD af PUll 

Bltuminous Coal.- The number of man-hours for the quantity of 
this fuel used in the industry was obtained for 1914, 1919, and 
1929 by dividing the tons used in the "Clay Products IOther Than 

Pottery) andNonclay Refractories" industry by the net tons pro

duced per man-hour (obtained from material on labor productivity 

in coal mining prepared for the WPA National Research Project 

hy Nichola" Yeworski from published data of the Federal Bureau 
of Hines I. These figures were adjusted by the percentage that 

the value of the five specified products was of the value of all 

rroducts of the clay-products industries. 

Average employment was obtained by apportioning total average 
employment in bituminous coal. as given by Mr. YaworSki, on the 
basis of tons used in the clay-products industries. This was 

further adjusted by the percentage that the value of the five 

specified products was of the total value of products in the 

clay-products industries. 

Anthracite Coal.- Man-hours and average employment were obtained 

in the same manner as for bituminous coal, and data used were 

from the same sources. 

Coal Used .n Coke.- The quantity of coal necessary for the 

production of coke consumed in the census industry was obtained 

from the number of tons of coal necessary to produce a ton of 

coke as stated by Mr. Yaworski. Man-hours and average employment 

were then estimated on the same basis as for coal. 

Product.on of Coke.- The estimates possible from the data ob

tainable are extremely unsatisfactory because coke is a joint 

product. Estimates are based oncensus data for the coke industry 

on value of coke and other products produced, the quantities of 

coke produced, and on the data on the coke consumed by the brick 

and tile industry. The resulting figures are a small part of total 

fuel employment. 
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Production of Fuel Oils and Gasoline.- The estimates for these 

fuels are highly unsatisfactory because both are joint products. 

Estimates were based on census data for the number of wage earners 
and on the value and quantity of these products consumed in the 
brick and tile industry. The resulting figures are small. 

Tran.portatlln of PUll 

The man-hours and employment occasioned by the transportation 

of each of the fuels used by the industry were estimated by iden

tical methods. 

The basic estimate for all transportation figures (brick and 

tile products as well as fuels I was that of all employment and 

man-hours attributable to freight transportation on Class I rail

roads. First a tabulation was made of all classes of employees 
given in Interstate Commerce Commission's Waie Statist;cs of 

Class I Carriers, 1932 and 1935 J classifying separately specified 

freight occupations and joint occupations concerned with or re
lated to office work, movement of trains, and movement of cars. 
The average numbers of employees in joint occupations were al
located on the hasis of revenues, train-miles, or car-miles 

respectively, according to which seemed more appropriate in the 
particular case in question, using data from the ICC's Freirht 

Commodity Statisttcs. 1928-1935' The resulting freight employment 
and man-hours were found to be approximately 70 percent of the 

total employment in 1932 and in 1935. The total man-hours on 

Class I railroads in 1928-35 (from Statistical Abstract of the 

/Jnlted States) were multiplied by 70 percent to obtain estimated 

freight man-hours, except in 1932 which was the basis for all 

estimates. Average employment was obtained by dividing total 

freight man-hours by hours actually worked per year per employee. 

(Hours per year per employee paid for were given in StatistIcal 

Abstract and were converted to hours actl!ally worked by using 
the perce~tage that the number of hours actually worked in 1932, 

as found fromtheICC's WaFfe Statistics of Class [Carriers. 193'2 

and '935, was of hours paid for. I 

Computat ion of man-hours and average employment attributable 

to transportation on Class I railroads of all the specified fuels 

was next undertaken. This was done on the basis of ton-miles. 
Ton-miles for the specified fuels and a'll freight were available 

only for 1932 from the Federal Coordinator of Transportation, 

Fro irht Trafhc Report. Freight revenues for the specif ied fuels 



APPENDIX B 201 

and total for all freight for 1928-35 were available from ICC's 

Freight Commodity StatiStICs, 19.8-1935' The percentage that 
the number of ton-miles for each of the specified fuels in 1932 

was of the total ton-miles in that year was found. The percentage 

that freight revenues for each of the specified fuels were of the 

total freight revenues was found for each year of the period, and 

t his series was mult iplied by t he rat io that t he percentage of ton

miles attributable to the specified fuel was to the percentage 

of freight revenues attributable to that fuel in 1932, This gave 
a series of estimated percentages of total freight ton-miles 

by means of which total freight man-hours and employees were 

allocated to the transportation of the specified fuels. 

The methods used for further allocation to the brick and tile 

sector of the clay-products industries were the same as those 
described for other vertical segments of the industry. 

From the Census of Ifanujactures was obtained the total value 

of the products and the average number of wage earners for the 

whole machinery industry, from which was calculated a series of 
relatives of average value produced per wage earner for the years 

191~-29 inclusive, using 1929 as a base. Also from the census 
was found the total value of clay-working machinery produced 

during 191~-28. Special tabulations were obtained from the Bureau 

of the Census for 19291 1933, and 1935, giving for establishments 

which produced any clay-working machinery tne total value of 

prcx:lucts, the average number of wage earners, and the value of 
clay-working machi nery. Wage earners a tt ributab le to clay-working 

machinery were allocated on the basis of value for these 3 census 

years. Also the average value per wage earner was found for 

1929, and this was multiplied by the relatives of value per wage 
earner for the whole machinery industry to obtain an estimated 

series for 1914-28 of value per wage earner for clay-working 

machinery. The items of this series were then divided into the 
value of clay-working machinery for each year to obtain an es

timate of the average number of wage earners attributable to 

production of clay-working machinery in these years. 

The items of this series of wage earners for census years 

191~-35 were multiplied by the percentage that the value of the 

five brick and tile products was of the total value of products 

in the clay-products industries (including pottery J to obtain 
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the number of wage earners ~ngaged in the manufacture of clay
working machinery attributable to brick and tile. 

Ttl.I,.,tatt •• If Irllk •• 4 Ttl, aD CI ••• I R.II, •••• 

The method employed is identical with that used in making the 

estimate of man-hours and employment in transportation of fuel. 

Average employment in wholesale establishments dealing in build

ing materials whose major sales were brick and tile was obtained 

from the census for 1929 and 1933' Man-hours per week were 

obtained by multiplying the average number of employees las re

ported by the census in 1929 and in 19331 by the number of hours 

worked per week Igiven by NRA, Division of Review, Evidence Study 

No. ~, aui lder's Supphes Industry [mimeo., Sept. 1935]1. This 

figure was mult iplied by 50 to obtain the man-hours per year, 

allowing 2 weeks for holidays. These figures for employment and 
man-hours were multiplied by the percentage that thevalue of brick 

and tile was of the value of the products of the census industry 
to obtain estimated employment and man-hours in distribution 

attributable to brick and tile. 

COMPARABILITY OR CONVERSION or PIELD-STUDY PRODUCTION DATA 
INTO COMMON-IRICK EQUIVALENTS 

The standard procedure of putt ing diverse products on a com

parable basis can be divided into four steps: 

III Selection of the standard or base product. 

121 Computation of labor-time requirements for a unit of each 

product in each department. In each case they are ex

pressed relative to labor-time requirements of the base 

product. 

131 Computation of the weights to be given to each depart

mental ratio when combining the departmental ratios into 

the final comparability ratios. 

I~I Multiplication of each output figure by the appropriate 

comparability ratio and aggregating all the products thus 

computed. 
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If the final product is measured in terms of tons, a fifth step 

is required: conversion of the tonnage tigure into pieces of 
the base product selected. 

Selection of the 8a .. product.- The product usually selected 

as a base product was the one produced in greatest number and 

over the longest period, connnon brick always being selected if 

it was produced in the given plant. If the weight or any other 

major characteristic of the base product changed at all signif

icantly during the period covered by the field reports, com

parability ratios were recomputed. 

Re lative Labor-Time Requirements by Department. - Because at 

the fact that in the brick industry all products require the 

same type of processing but require varying amounts of labor 

time in the different departments, individual comparability ratios 
had to be computed for each department. 

Clay department: Relative labor-time requirements were assumed 

to be directly proportional to physical weight, a brick weighing 

10 pounds needing twice as much clay and, therefore, twice as 

much .digging, etc., as a brick weighing 5 pounds. The ratios 

were then Obtained by dividing weight of specified product by 

weight of base product. 

Machine house: It was found empirically that 35 percent of 

machine-house man-hours, namely, those spent up to the point 

where the brick is cut, are proportional to the physical weight 

of the product and can be allocated in this proportion. For 

the remaining 65 percent, two methods were used, according to 
the availability of data. 

1,) Whenever task allotments were known for each product for 

a day on which the product in question was the only one 

processed, differences in these allotments were taken to 
indicate dif.ferences in relative labor-time requirements. 

(2) Sometimes the capacity of the brick machine was known for 

each product, and differences in labor-time requirem~nts 
could be derived from these data. 

Setting and tossing: Two methods were used. When data per

mitted, the labor time necessary to set one kiln was calculated 
for each product, and the ratio was obtained by relating the 

time for each product to the time for the base product. The 
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weakness in this approach is that in actual fact kilns are very 

rarely loaded with one type of product only. A second guide 

was the difference in piece rates. Whenever a full day's work 

amounted to approximately the same daily wage for setting of 

different types of products, tlie differences in piece rates could 

be assumed to reflect differences in labor-time requirements. 

Burning: This step of the process is the product of two factors: 

the number of pieces per kiln and burning time per kiln. Since 

each factor may vary with the type of product burned, the final 

ratio is a combination of both kiln capacity and burning time. 

Wheeling: Piece rates for different products were assumed 

to reflect differences in labor time. 

Drawing: Ratios were based on time studies and estimates giving 

the time required to strip a kiln for each product. 

In a few cases detailed departmentalized labor costs were avail
able and could be taken to indicate labor time, if it was assumed 

that the proportion of skilled and unskilled lor low- and high

paid) workers wae the same for each department. Otherwise, high 

cost in one department might reflect greater skill rather than 

a greater amount of man-hOUfS. In other words, .man-hours were 
assumed to be comparable. 

Indirect and office labor were allocated tothe different prod

ucts in the same proportion as were total operating man-hours, 
thus not influencing the final ratio. In plants where only common 
and face brick were produced and the face brick required rio 

add it ional labor but handling, indirect and off ice labor were 

allocated e~ually between the two products. 

Combination oj Depa,.tmental Ratios ,- Since the proportion of 

man-hours contributed by each department to the aggregate is 

oof the same, the departmental ratios could not be combined into 

a simple '!verage but had to be weighted. The weight used for 

~ach department was the percentage that the man-hours for this 

department aggregated over the years of the survey bore to total 

man-hours simi larly aggregated. Thus a constant we ighting system 

was used for each plant throughout the survey period. 

Conv,rSlo. of Unadjusted to Adjusted Output.- This is self

explanatory and involves merely one step, that is, the multipli

cat ion of the quantity of each product by the appropriate ratio. 
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Deviations From Standard Procedure ,- While the methods outlined 
for t he standard procedure were applied in the majority of cases, 

lot all the plauts had sufficient data to allow the calculations 

to be performed. Either man-hours were not departmentalized, 

or criteria for determining relative labor requirements were 
not given, etc. In these cases information obtained from plants 
similar in regard to type of product, methoo of manufacture, 

set-up, location, etc. was utilized, and the ratios found in 
these plants were applied to the plant under consideration. 

There is also a small number of plants for which, because of 

lack of other data, products had to be combined by giving them 

statistical weights sugg~sted by the plant officials or based 

upon physical weights. 

Whenever different grades of brick were listed separately, 

a thorough examination was conducted into the problem of dif

ference in labor-time requirements, and if none could be found, 
the figures were combined into a simple aggregate. 

Ixt., •• 1 Comp.'lbility 

Since the product in which output is finally expressed varies 
from plant to plant, the prob lem of external comparab i li ty arises. 

It was decided to ignore the differences in the weight of common 
brick and to consider all output measured in terms of common-brick 
equivalents as directly comparable. 

For plants whose output was measured in face-brick units, an 
external comparability ratio of 1.25 was computed, based on in

formation gathered during the process of solving the internal

comparability problem. Similarly, aratioof 2.0 was established 
for output expressed in terms of 5" x 4 11 X 12" building tile 

and of 3.0 for 5 t1 x 8" X 12" building tile. 

CAPACITY OP BRICK AND TILE PLANTS 

For the purposes. of this survey capacity is defined as the 

total possible annual output of the plant, if allowance is made 

for ordinary and usual interruptions and if a continuous demand, 

an adequate fuel supply, and favorable labor and transportation 

conditions are assumed. It is assumed that capacity is best 
reflected in output figures and that a sustained period of 3 

months' output is required to allow any estimate to be made. 
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The estimates for capacity were made as follows: 

(, I When monthly production figures were available: The esti
mate was based upon the capacity indicated by actual output in 

the 3 consecutive most active ,months in those years for which 
this output was a peak, reduced by an allowance for necessary 
shut-downs for repairs and physical handicaps to operation during 

severe weather. 

(al Preliminary estimate. The figure found by aggregating 

the 3 highest consecutive months was multiplied by 4 
to give the annual output that would have been proc

essed had operations been carried on at the peak rate. 

(bl Refined estimate. The preliminary estimate was subject 

to a correction designed temake allowance for seasonal 
fluctuations, necessary shut-downs, etc. The method 
consisted in finding the difference between the hypo

thetical preliminary estimate and actual annual output 
and assuming that 30 percent of this difference was due 
to inevitable interrupt ions and handicaps not caused 

by marke t conditions. The figure of 30 percent was 
based on miscellaneous data obtained from company of

ficials and engineers ". The preliminary estimate, minus 
30 percent of the difference as described above J was 
therefore taken to represent actual capacity. 

(2 I When only annual production figures were available: In 

order to put plants with annual data on a comparable basis with 

monthly-data plants, the peak annual output figure had to be 

inflated to indicate capacity, since it is known that annual 
output is well below the level of both the preliminary and refined 

estimate for capacity output. 

To find this inflator the typical relationship was computed 
between annual output and capacity for all plants having monthly 

data. In ,the courseo! this computation a marked degree of nega

tive correlation was discovered between the amplitude of the 

seasonal peak production and the size of the plant, i. e., the 

percentage which actual output bears to attainable capacity de

creases with decreasing size of the plants. Conse'luently, a 

different inflator was computed for every size group. The actual 

inflators used were the following: 



APPENDIX B 

output in millions 
of burned brick 

18 or more 
17 
16 
15 
14 
13 
12 
11 
10 or less 

Adjustment 
factor 

109 
111 
113 
115 
117 
119 
121 
123 
1215 

207 

(31 When there was a change in capacity; Frequently there is 

More t han one peak year to be observed, and sornet imes a trend 
in capacity is evident. 

(al If no trend was evident, but 2 or 3 peak years, each 

having a decidedly different output level, were found, 

capacity was computed for every such year and was sup
posed to have changed by substantially e'lua1 increments 

during the intervening years. 

Capaci ty for all years subsequent to the peak year 

preceding the post-1929 depression was ordinarily as

sumed as continuing at the figure estimated for the 

peak year. It is recognized that in some plants only 

small additions tomachinery have been made, and equip

ment may have deteriorated so much during this period 

of slack operation that capacity actually declined. 

However, in the absence of definite evidence of the 

abandonment Of deteriorat ion of equipment, capacity has 

been considered to have remained unchanged from the last 

preceding peak. 

(bl Wherever a definite trend could be seen in the output 

data, as represented by the preliminary estimate, ca
pacity was assumed to have changed to the extent indi

cated by these data. 

Data permitting, all capacity estimates were checked by engi

neers' estimates based upon the rated capacity of equipment and 

machinery. In cases where that information was complete and 

reliable, it was given preference over the statistical estimate. 

If daily capacity of the machinery was known, output was computed 

on the basis of 258 days in the working year. 
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Equipment data were also used in checking changes in capacity 
evidenced by output data. 

It was assumed that the length of the working week for the 
year or years from which the Fapacity estimate was obtained re
mained unchanged throughout the period covered by the survey. 
In cases where there was definite information on changes in the 
length of the working week, the capacity estimate was reVised, 
on the assumption that a shortening of hours would be followed 
by a slightly less than proportionate decrease in capacity. 

Finally, it must be remembered that since working hours are 
different in different plants, annual capacity may be based on 
an 8-hour day in one plant, a 9-hour. day in another plant, and 
a 6-hour day in a third plant. This lack of uniformity somewhat 
impairs the comparability of the estimates. 

STANDARD MAM-KOUR RATIOI 

The standard man-hour ratio for a given plant for the period 
1925-35 was defined as the average ratio for that plant when it 
was operating between 70 and 89 percent of capacity. 

The figures for percentage of capacity utilized by each plant 
in each of the years 1925-35 were examined to determine the years 

in which the plant operated at a capacity between 70 and 89 
percent. The average of the man-hour ratios for these years was 
designated as the standard man-hour ratio for that plant. 

For plants which did not attain 70 percent of capacity during 
these years, the average of the man-hour f.atios for the 3 years 
of highest capacity within the period 1925-35 was designated 
as a substandard ratio. These substandard ratios were adjusted 
on the basis of regression lines of man-hour ratios on capacity 
set up for each plant individually using all years available. 
The curve of regression was drawn freehand and projected to the . . 
So-percent capacity line. In case a regression line was impos-

sible because of an insufficient number of years, no standard 

man-hours were computed, and these plants were eliminated from 

all computations where standard man-hour ratios were used. 

If a plant reached a percentage of capacity higher than 89 
percent but did not produce within the specified range of 70-89 
percent during the years 1925-35, the man-hour ratio for the 
higher capacity was taken, and this was designated as a super
standard man-hour ratio. These man-hour ratios were used as 
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calculated, on the assumption that once a high level of production 
in relation to capacity is reached, the man-hour ratio will not 
be much aUected by the changes of a few points up or down in 

capacity utilized. 

CORRECTIONS IN THE HAN-HOUR RATIO PDR PERCE.rA8E 
DP CAPACITY UTILIZED 

C ..... Dlta, IBBS-IUS 

An attempt was made to correlate the percentage of the capacity 

utilized with the percentage that the man-hour ratios for the 

corresponding years were of the trend of man-hour ratios at ca
pacity production. This was done in order to eliminate the 
effects of the factor of capacity utilization upon man-hour 

ratios. The following method was employed: 

It was assumed that production was at capacity in 1889, 1909, 
and 1925. In order to calculate capacity for the intervening 
years, a geometric interpolation was employed between the years 

1889 and 1909 and between the years 1909 and 1925. From '925-35 
the trend from 1909-25 was extrapolated. This gave a capacity 
figure for each year from 1889to 1935. The assumption was made 
that capacity was increased at approximately the same rate each 
year for the years from 1889 to 1909 and at the same rate for 

each year from 1909 to 1935. A similar method was used for the 

man-hour ratios. A geometric interpolation was used between the 

years 1889 and 1909 and again between the years 1909 and 1925, 
and the latter trend was extrapolated to 1935. This line was 
used to represent the trend of man-hour -ratios at capacity. 

The next step was to compute for each year the percentage that 
actual production was of capacity production and also the per

centages that the actual man-hour ratios were of the trend of 

man-hour ratios at capacity. A scatter diagram was constructed, 
on which was plotted on the nyn axis the percentages that actual 

man-hour ratios for each year were of the trend of man-hour ratios 

at capacity and on the "X" axis the percentages that the actual
production figures were of capacity-production figures. This 

revealed a fair degree of correlation between the two series of 
percentages, with the percentage of man-hour ratios decreasing 
at an increasing rate as the percentage of capacity utilized 
increased. A freehand curve was drawn to represent this rela

tionship, and the values of ny" were read corresponding to the 
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percentages of capacity utilized during each at the given census 
years. Tbese may be seen in table 28, col. lal. 

In order to correct tor capacity utilized, the actual man-hour 
ratio tor each year was then divided by the percentage of man-hour 
ratio to capacity man-bour ratto, read tram. the freehand curve. 
The resulting figures are shown in col. 141 at table 28. They 
are an estimate at what the man-hour ratio would have been if 
plants had been operating at capacity as defined above. 

Pl •••• I. I~ • ••• 1. 51 •• ,. 1517·3& 

During the period covered by the field study, the fluctuations 
in capac ity utilized were so great that all evidence of any 
trend in the man-hour ratios was obscured; hence the method used 
for the census data of correlating deviations from the trend 
could not be used. Therefore variations in the percentage of 
capacity utilized were correlated directly with variations in 

the chain index of man-hour ratios. A coefficient of correlation 

of -0.8640.06 was found between the two series, but it was de
cided that a curvilinear rather than a linear function represented 

the relationship; hence a freehand regression line of the index 
of man-hour ratios on percentage of capacity utilized was drawn 
through the scatter diagram, usi~g the means of the various classes 
as guiding points.' The deviations of the index of man-hour 

ratios from the regression line were read from figure 20 and are 
given in table A-23' These deviations were added algebraically 
to the ordinate of regression for 1925, 89.5, which represented 
the highest percentage of capacity utilized. This percentage 
of capacity was 80 percent. These new index numbers were then 
shifted to a 1929 base. They are shown in table A-a3. 

3See figure 20 and table 30. 
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PRINCIPAL OCCUPATIONS IN THE BRICK AND TILE PLANTl 

CLASSIFICATION 

Shovel operator 

Cable hooker 

Gasoline or "dinkey" 
engineer 

Shovel man 

Mule skinner 

Hoistman 

Dry-pan man 
Granulator man 

Pugmill man 
Rollerman 
Boilerman 
Cutter 

Sander 

Bumper 

Belt boy or hacker 

Pallet boy 

DuTY 

CLAY PIT 

Operates steam shovel and is usually 
"bassI! of the pit. 

Hooks cable to clay car and keeps 
tracks in pit clear. 

Operates engine which hauls clay 
cars. 

Common laborer who digs clay by hand 
or works in front of shovel. 
Drives mules or horse when wagons 
are used for hauling clay. 

MACHINE HDUSE 

Operates machine hauling clay up 
incline to machine house. 

Operates brick-grinding machine. 
Operates granulator which cuts up 
the clay. 
Operates mixer. 
In charge of conical rolls. 
Tends boiler. 
Tends cutting-machine operations. 
Sands brick molds used in soft-mud 
plants. 
Jars brick molds in soft-mud plants 
to prevent bricks from sticking. 

Removes brick from conveyor belt and 
stacks them on brick cars. 

Places empty metal pallets in posi tion 
for brick to be dumped upon them. 

lworkers ehgaged In these occupatIons comDrlse operating and indirect labor. 
The following are not IncluCled in th1s classificat1on: Adm1n1strators. 
central- or tactory-oUice workers. cler1cal emoloyees. etc. 

211 
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CLio S8r FI CAT r OM DuTY 

DRIER AND BRICK KILN 

Fireman 
"Kiln engineer 

Drierman 

Crane operator 

Tosser and setter 

Fan engineer 

Waller 

Superintendent, foreman 

Yardman 

Trucker 
Watchman 

M isce llaneous 

Tenqs fires in driers and kilns. 
Supervises building of kilns and 
proper adjustment of equipment in 
drier and kiln. 
Moves brick car from machine house 
to dry kiln. 
Operates electric cranes in highly 
mechanized plants. 
Tosser tosses brick from car to 
setter who places brick properly 
in kilns and finally in trucks or 
common carriers after they are 
thoroughly dry. 
In charge of fans in driers and 
generating equipment in machine 
house. 
Builds arches in brick kilns. 

OTHIU 

Supervises and directs plant 
operations. 
Usually "jack-of-all-trades", capable 
of filling in any unskilled or 
semiskilled jobs around the plant. 
Operates autotrucks in moving brick. 
Guards the plant when it is not in 
operation. 
General repairmen, cart drivers, 
roustabouts, and common laborers. 




