' ' MECHANIZATION
IN THE
 BRICK INDUSTRY

Ime‘s PROGRESS ADMINISTRATION
NAL RESEARCH PROJECT



WPA ﬁATIGKiL RESEARCH PRBJEC?

Reports issued ta date

General o
6-1 Unexployment and Increasing Productivity {out of primt) .
6~ The Research Frogram of the Natlonal Research Pre.seca :

G-3 BumMaTy¥ of Findings to Date, March 16838

-g~4 Effects of Current and Prospestive ?echnoiesical Develcsv!enss
Upon Caplitel Fermation @ -

A3 Selec!:ed References ot Practices and ﬂse of Laber on ?s.ru {out of pﬂnt}

studies in Types m& Ra.tes of 'fechz;elogical {:hange

Iianufac‘t.ﬁre \.'

¥=1 Industrial Iostiruments and Changing 'Eechnsiegy

M= Mechanfzation {n the Brick Industry : _
. B=2 Mechanlcal Changes in the Cotton-Textlle Indestry, 191G to 1836 {Sussory/)

B-8 Mechanical Chenges In the Woolen and Worsted Industries, 1010 to 1038 (Summary)
B~E Bystems of Shop nansgemenr. in the chr.on-t}smens nmussry fosat of Mnf}

Mining

E-1 ‘technslsgy and the Hineral Industries (out of print)

E«8 Mechantzation Trends in Metal and Nonmetal Hinlng &s Inéicar.ed by Sales er
Underground Loading Equipment .

E~5 Fuel Efficlency 1m Cement Manufacturs, 1ace—1935 {wt of prist}
E~¢ Mineral Technology and Jutput per Man Studies: Grede of Ore (out of print}

Agriculiure

Changes in Farm Power and EqQuipment:
A=E Mechanjical CottoRr Picker .
A-9 Tractors, Trucksa, and Automcbliles.
- &=11 Field Inplements (in press)

8tudies in Production, Productivity, and Employment

!éanufacture

-8=1 Preénctﬁsn, E;piomar.,-an& Producr.w:t.x in 6P Manulascturing Iadustrxas, 1919-&5
Producti?lr.y &nd snaloyxent in Selec !:ed Indtzsr.r!es'
N~ Beat Sugar - o _ -
~ N-2 PBrick and Tlle
B~1 Labor Productivity ia the Leuher Induacry {Sunsry}
B4 i::re_cna of Mechanimstion It Cligar Manufacture (Jusmary)
B~8 Labor Productivity In the Boot and Shoe Industry (Suswary}

{Liat césﬂssmi on insids dach cover)



¥
WORKS PROGRESS ADMINISTRATION

F. C. BARRINGTON CORRINGTON GILL
Administrator ‘Kssistant Administrator

KATIONAL RESEARCH PROJECT
on

Reemployment Opportunities and Recent Changes
iz Industrial Technigues

DAVID WEINTRALB
Director

Studiea in Equipment Changes and Industrial Technigues

George Perazich, Engineer in Charge



MECHANIZATION IN THE BRICE INDUSTIRY

by

Alfred J. Vam Tassel
and
David ¥, Bluestone

WORES PROGRESS ADMINISTRATION, NATIONAL RESEARCE PROJECT
' Report No. M-a
Philadeiphia, Pennsylvanic

June 1939



THE WPA NATTONAL RESEARCH PROJECT
ON REEMPLOYMENT OPPORTUNITIES AND RECENT CHANGES
IK INDUSTRIAL TECHNIQUES

Under the suthority grantsd by the. President in the Execu-
tive Order which created the Works Progress Administration,
Administrator Farry L. Hopkins autherized the establishment
¢f a regsarch program for the purpose of collecting and ana-
lyeing data besaring onproblems of employment, unemployment,
and relief. Accordingly, the Nationsl Research Program was
established {nOctobsr 1936 under the supervision of Corringion
G4il, Assistant Administrator of the WPA, who appointed the
directors of the individual studies or projlects.

The Preject onReemployment Opportunicies and Recent Changes
in Industrial Techniques was organized in December 1938 Lo
loguire, with the cooperation of iadustry, lsbor, and govarn-
mental and private ageacles, inte the eitent of recent changes
in induostrial techniques and to evaluatse thselfects of these
changes on the ¥olume of employment and unemployment. JDaewid
Veintroud and Irving Faplan, members of the resesrch staff
of the Division of Research, Statfatics, and Finance, were gp-
pofnted, respectively, Director and Associlate Director of the
Project, The task ast for Lhem was to &s3emble and organize
the existing data which bear on the problem and to augzent
these data by field surveys and agalyses,

To this end, many governmental agencies which arsthe col-
lecicrs &nd repoaitoriss of pertinent informaticon were in-
vited to copperate, The cooperating agenciss of the Uniled
8tates Government include tha Department of Agriculturse, the
Bureau of Mines of the Department of the Interior, the Bureau
of Labor Statiatica oI the Department ¢of Labor, the Rallrspad
Retirement Board, the Social Sscurity Board, the Bureau of
Internal Revenue of the Department of the Treasury, the De-
partment of Commerce, the Federal Trade Commission, and ths
Tarif? Commission.

The following private sgencles Joined with the National
Ressarch Project in conductiag specizl atudies: the Indus-
trial Ressarch Department of the University of Pennsylvania,
the Nstional Bureau of Ecomomie Research, Inc., the Bmploy-
ment Stabilliration Research Institute of the University of
Hinnesota, and the Agriculsural Economica Departments in the
Agricultural Experiment Stationg of Californias, Iilinols,
Towa, and New York,
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The report Nechanization in the Brick Jndusiry,
transmitted herewith, describes the changes in produc-—
tion techrniques that the industry haos experienced in
the past 50 ysars. The changes of the last 20 years
are analyzed in some detail.

Although the improvements in machines and in
manufacturing techniguea were limited largely to
refinements in design and to the addition of rela-
tively inexpensive aquxiliary equipment, the cumulative
affact of these minor changes on the amount of labor
required per unit of product was censiderable. In
addition; the industry has bsnefited from the general
technological progress since {6920 which resulted
in the use of more wear-resistant metals and kall
and yoller bearings in brick-making machinery, in
widespread elecirification, and in the mechanization
of clay-pit opsrations.

Trom the standpoint of the industry's capital
outlaye, it is notable that during the early and
middle 1%20's equipment purchases were made in the
expectation of stable or increased demand cnd were
concentrated on major production units. After the
poak of production was passed in 41925, and particu-
larly after 41929, the emphasis g¢gradually shifted from
increasing output to reducing production costs or to
improving quality. 1In recent years the objective
has besen to uccomplish these results withcout major
capital investments, and the industry's equipment
purchases have therefore centered mcinly on devices
that required small capital outloyse relative {0 the
sconcmies which they made possible.

Much of the economy in labor utilization could
rnot, however, be realized during the past 10 years
because of the extremely low level of capacity at



which the industry has been operating; in fact, the
output per man-hour was actually lowsr in 4935 than
in 1929. An upturn in the demand for brick is there-
fore bound to result in an appreciable increase of
labor productivity and to reduce the amount of labor
Tequired to produce 4,000 common brick to much lese
than the 9 hours needed in 4925, the year of the last
preduction peak.

During the last two decades brick manufacturing
has also experienced a considerable concentration of
production in a progressively declining number of
planta. The technological base for this concentration
was provided by the availability of equipment which
can be used moet economically in the larger establish-—
ments and under conditions of fairly continuocus
operation. The present low level of operations
relative to the capuacity of the brick-manufacturing
plants is furnishing an important stimulus t¢ further
consclidatien. In the past such concentration of
production has often been the result of mergers of a
number of plants in @ given region, the shutting down
of the least efficient planta, and the operation of
only the more efficient establishmenis. Should the
same procedure be followed in the future, the general
level of productivity of labor is bound to be raised
with little or no expenditures on machinery and
equipment to help offset the reductions in labor
reguirements in the manufacture of brick.

Respectfully yours,

/Ca L4 N
"‘*":::;;anh.— "fg%¢—¢51'
Corrington &ill
Asszistant Administrator
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PREFACE

Kot only do technological changes exert am effect on employ-
ment conditions and on the investment of capital, but they are
themselves affected by the sphere of economic relationships
within which they occur. An anglysis of the industrial appli-
cations of the principles of science and engiseering must
therefore also embrace the ecomomics of their application and
the econonic conditions that affect their imtroduction., With
this a8 an approach, the National Research Project hasconducted
& series of studies on types and rates of technological change.

Some of these studies centered on individual types of tech-
nological advance that affect many industries.® One deals with
the growth of industrial research iz the United States since
the World War.? In others, an individpal industry was selected
a3 the unit of investigation, and thke subject for study was the
relationship of the economic reguirements of the industry to

. the development asd introduction of a variety of machimes and
production technigues. The present report is an example of
this last type of study. Dealing with the brick-masufacturing
industry, it is also a companion piece to the Project's broader
study of production, productivity, and employment in the brick
and tile industry® and presents a detailed picture of the
mechanical improvements that were associated with the changes
ia productivity recorded in that volume.

The report was prepared by Alfred J, Van Tassel aad David W.
Bluestone. The field data used in this report were collected
in cooperation with the National Burezu of Economic Research
as part of the cooperative study oz productivity aad employment
in the brick asd tile industry. The series of "Studies in
Equipment Changes and Industrial Techaigues" are under the
supervision of George Perazich. J. Van Horn Whipple organized
the field work and supervised the editiag of the materials
collected. The completed manuscript was edited aad prepared
for publication uader the supervision of Edmund J. Stozme.

130s, for sxample, the report by George Perazich and Othera, Indwstrial fustrumants
and Changing Tacimology {WPA Metlonsl Research Project, Report No. M=1, Oct. 1938).

P’Rsport now in preparation by George Perasich.

Syiriam B. West, Productivity omd Peployment in Jelected Jndustriss: Brickand
Fils (WPi Mations]l Research Project in cocperation with NMatisnal Bureau of Economic
Research, Rapori Ne. W2, Fab. 1838}.

xi



xii PREFACE

We appreciate the cooperation of the machinery manufacturers
who provided cur field workers with records on which most of
the data preseated ia this report are based. James P. Martin,
Vice President of the Lancaster Iron Works, Inc.; W. E. Cramer,
President of the Harrop Ceramic Service Company; and M. E.
Holmes, Dean of the New York State College of Ceramics at
Alfred University reviewed the manuscript and made suggestions
for its improvement. The National Research Project is of
course alone respomsible for the content of the report and the
conclusions reached,

Davip WeInTRAUB

PHILADPELPHIA
June s, 1939



CHAPTER I

INTRODUCTION

The brick-manufacturing indestry is decentralized in a large
number 0f relatively small plants serving geographically
limited markets. In the last boom year of the industry, i1g9z2s,
more than 1,500 eéstablishments produced an average output
of only $11%,500 each.! The most important reason for the
decentralization of the industry is the low value of both the
raw materials and the fipnal product iz relation to its bulk,
which makes nearmess to raw materials and markets the principal
consideration in the location of a plant.®

Because transportation costs are high in relation to the unit
value of the product, the geographical areas of competition are
sharply limited, uvsually to metropolitan markets. Within these
metropclitan areas plants operate on a rather highly mechapized
level. For that large section of the industry which serves the
smaller local markets productivity and the level of mechaniza-
tion ip individual plants are generally lower and vary widely.

The level of productivity of labor is, of course, determismed
primarily by the degree of mechanization of production if the
extent of utilization of capacity is specified. Changes in
the man-hour requirements per unit of productica amd in the
total employment opportunities afforded by'the brick industry
during the past quarter of a century were examined in a study
by Miriam E. West.® The present report is concerned primarily
with the types of mechanization that have affected the level
of labor productivity.4

Unit labor requirements are, however, only one factor affect-
ing employment opportnnities. In Miss West's report the

¥ote.- The authors wish to acknowledge their Indediedness to Clsyton Adams who
alaad in the fleld work, Sara Simkin who ¢ollactied bibliographical material,
porothy Redisch who examined secondary sources, and Ethel Levinson who preparsed
mest of e charta.

Lpiennial Censue of Nanafactures: 925 {U. B. Dept. Com., Bur. {ensus, 1628},
p. 888,

2pi1s Clay Products Indusiry: Float lLocation Pactors (New York: Metropoiitan Lifs
Inaurance {ompany, Polisyholders' Servics Bursau, 31583t), pp. 1-18.

Buirtam E. West, Productivity and Faployment in Selecied Indurtrics: Brick
gnd File {WPA National Research Project in cooperalion wilh Mational Bureau of
Lcononic Ressarch, Repirt No. R-g, Feb. 183p).

47t nas not been poszible to considsr zuch nonmechanical factore as payment
systems, working conditions, and other mahagerial devices which frequently affect
the trganisatlion of tha factors of production and thelr productivity.

1



2 MECHANIZATION IN THE BRICK INDUSTRY

problem of employment opportunities in the brick isdustry is
studied in its economic comtext, and the influence of produc-—
tion, market conditions, prices, and the financial structure of
the industiry, as well as other factors, is considered. Account
i5 there takea of the employment afforded by the manufacture of
fuel and machinery vsed in brick and tile production and by the
transportation and distribution of brick.

The primary purpose of the present study is to throw light on
the types and rates of mechanization which took place in the
brick-manufacturing industry in recent years. 4n aitempt will
be made to asswer the following guestions: What machines or
techniques have been principally responsible for reductions ia
unit labor requirements? How rapidly have the newer and more
advanced machines and techniques been iantroduced? What types
of machines and techniques have been replaced by more advanced
alternatives? In particmlar operations and instances, what has
been the magnitude of the reduction im unit labor requiremesnts
as the result of the istroduction of newer eguipment or tech-
nigues, and how large were the reductions in such production
costs as labor, fuel, and power? What has been the relative
rate of mechanization im the several depariments of production?
How has the rate of introduction of new equipment varied with
fluctuations in the prosperity of the industry? What has beez
the major objective of egnipment purchases at various stages of
the economic cycle, that is, was the primar§ purpose to reduce
prodoction costs, to improve the gquality of the product, or to
expand the cutput of the plaat?

Three major processes are employed in the production of
common brick in the United States: the stiff-mud process,
which accounts for about half the total production; the soft-
mud process, which accounts for about 4o percent; and the
dry-clay method.® These three processes are'distinguished
from each other by the method of shaping the brick. In the
stiff-mud process the clay is forced out through a2 die in a
coatinucus column which is then cut into proper lenmgths; in the
soft-mud process the highly plastic clay is shaped in separate
molds; in the dry-clay process dry clay is formed into brick
and tile by being subjected to high pressure in individual
nolds. Only the first two methods will be discussed in this
report. The dry-clay process is used for only a very small

Billiam F. Kirk, Productivity Costs in Common-Brich Indusiry {I. S. Dept. Labdor,
Bur, Labor Statistics Bull. No. 386, i624). P. W-



INTRODUCTION 3

proportion of common-brick production, and the data available
are insufficient to permit analysis.

Is both methods urder comsideration the first step is the
excavation of the raw material, clay or shale, which is dug or,
occasionally, mined or dredged. The next step is the grindiag
or crushing of it to smitable fiseness. After it is rendered
bomogeneous by mixing, water is added. The clay is thes ready
for shapinpg. ¥Whea this has beesn done, the brick are dried
either iz the open air or in heated drying sheds. They are
then removed to the kilam, set, and burned at higk temperature.
After cooling, they are taken from the kiln either for storage
or for shipmesnt.

The first part of this report will deal with the technology
of the brick industry prior to 1g9z0. The remainder will cover
the technical developments in the several departments of brick
production after 1¢z20.°

Gm general, the analysis In this report refers o Misg Weat's deftinition of the
brick ant tlle industry {production of eommon brick, face brick, vitrifisd brick,
hiellow bullding tile, &nd Arain tilej. The dlscussion of specific technological
;;nhan.geu refers to brick-making machimery, dut tile-maxiag machinery is aimilar
naturs. .



CHAPTER Il

HISTORICAL BACEGROUND PRIOR T0 1920

Table 1 and figure 1 summarize the development of the brick
and tile industry in the United States and give an indication
of the rate at which mechanization proceeded. Physical pro—
duction increased more than s¢ percent per decade from 1864 to
1909 but declined to0 1931 and again after 192s5. Output per
wage earner rose about 20 percent per decade from 1869 until
the peak of production in 1909 and then remained nearly level
until about 19ac. Data for the "Clay products (other than
pottery! and monclay refractories” imdustry, an industrial
category somewhat more inclusive tham that here designated as
the brick and tile industry,! show an almost fourfold increase
in installed horsepower per wage earner between 1889 and 1919.

These are the general indexes against which the more detailed
discussion of mechanization will be traced: the industry
served a constantly expanding market until 1909; the pro-
ductivity of labor is the industry also rose comtinually;
and the rate of introduction of power machinery was repid
and sustained, continuing even after 1909 when production
was declining.

In the years preceding the Civil War the production process
differed but little from the methods used since earliest
historical times. Brickmaking was largely an outdoor occu-
pation and brickyards usually operated only in the summer
months. Hand methods were employed in the digging, tempering,
and molding of the clay. Drying was done in the opean air and
kilns were constructed for each individual buraimg. Frequently
the production of brick was carried on at the building site,
the clay from the excavation being used as the raw material.®
"'rhe velue of the five products whose ranufacture 18 hers Bssumed to repressnt the
procuction of Ril brick and tile products comprised s decressing proportion af
tha value of &l]l products of the "Clay products fother than pottery) and nonclay
refractories® industry in the pericd 1918-35, varying from 58 percent In 1519
to 28 peroent In 1933 (based on Census of Monufactwres). Nonclay refractories,
howaver, make up & considerabls and Increasing part of the wvalue of products of
the *Clay products f{other than poltery} and nonclay refractorlses? industry

{see appendix, ftn. 8). The five products therefore represent & lsrger portion of
brick and tile manufactire than ia i{ndicated by the percentages above.

guem €. Klsymeyer, "Soft Mud Brick - Some Reminiscences,® Brick and Ciay Record,
yol. 88, No. 4 {Apr. 1035}, 134, 136.

4



BISTORICAL BACEKGROUND 5

Brickyards, as opposed to brick plants, were the characteristic
production umits.

Mechanization began with the clay-temperiag or mixing oper-
ation. Formerly clay had been prepared in a "soak heap”,
the temperer mixing the wetted clay with a hoe. The pugmill
operated by horse power, which eliminated this labor, held the
clay in a woodes tub while rotating kaives mixed or pugged
the clay. The tempered clay was then thrust cut of the pugmill
in the conditiorn required for moldimg.

Table I.- PRODUCTION, WAQGE EARNERS, AND OUTFUT PER WAGE EARNER
IE TEE BRICK AND TILE INDUSTRY, 1883-1sist

Production Qutput per
{millions of Average wage earmer

Year common—brick number of {thousands of

equivalents )P wage earnmers common-brick

equivalents}®
‘1868 8,012 80,347 8%
1878 4.505 40,582 111
1880 10,009 85,020 154
18689 10,808 85,822 181
19804 12,048 70,2486 184
1809 15,738 78,288 208
1814 13,008 83, 188 207
1818 8,155 40,5490 la7
1821 8,752 41,381 212
1823 14,275 58,881 242
1928 15,388 58,050 265
1927 14,708 54,721 268
1520 12,581 47,771 288
1831 5,429 25,984 208
1833 2.085 11,185 82
1835 8,428 17,468 198

84 used in this table, 'brick and tile¥ inciudes only rive types of product:

common brick, face brick, vitrilied drick, holloe duilding tile, and drain tile.

This classificatisn i3 nOt used in other tables since & correspondingiy precise

break~dtonn of data 15 not possible. Dats are from Kirlam £. West, Produci{vity ond

Fupioyment in Seiscted Indusiries: BJrick and Pile (WPA Mational Research Project

ix}“ ;}ooners&:elcm with National Bureay of Ecchomlic Researcd, Repert Re. N-2, Febd.
» D B8,

b’cm—cﬂct equivalents® I3 3 unit of output, the concept of which is outiined
ip Miss West's atudy. In oarder t¢ convert the production of & varlety of clay
products Lo & coMmon weasuring unlt, the quantity of these products is expressed
&3 the nusber of COEERON Lrick whick could 3 produced LY the same expendliture
of sffars.

chcuctiﬁn dlvided by number of wage sarners.
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Piguzs 1.~ PRODUCTION AXD OUTPUT PER WAGE EARNER IX THR
BRICK AXD TILE INDUSTRY, 1369-1935

BALLIONS OF CORMMON-BRICK THOUSAND2 OF COMMOM-8RICK
EQUIVALENTS - EQUIVALENTS
200 § 1 1 E I E I
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05 }—=—_ : i
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' 7 1
o !
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40 Vd \
30 : \ 300
Pl
7 \
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20 WAGE EARNER — ~ir \w,am
_—-‘—’/
/,j
’/
"
Lopm=— 00
R a0
5 i { I | L1 1a
s 7% T 9 1908 »w 28 as
Based on table 31 WPA— Natlonal Resezroh Project
#-13

Mechsnization of the temperimg operation, however, was
scarcely a revolutiomary change ian the production process.
The first important impetms to thoroughgoing mechanization came
with the introduction of a successful brick-molding machine.
A soft-mud molding machine had been introduced in 1833,% but
was immediately destroyed by the workers who saw in it a threat
to their livelihood. This machime again found use ia 1840,
but not to any great extent, The predominance of hand molding
was not seriously threatened until 1857, when a successiul
soft-mud molding machine was desigmed by Martia. This was
followed in 1862* by Chamber's stiff-mud auger machine, which
represented a fundamental change in design. Instead of using

Se111a Lovejoy and ¥. B, Henderacn, sgarly Bricicmaking and Some Qid Brick Buildings
in yirglnis, * Clay Vorker, Vol. 94, Ko, 1 {July 163). 18-£3.

451118 Lovesoy, Brick,» Fncyclopasdia Britamnica (14tR ed.; New York: Encyelo-
paedia Britannlce, Inc., 1938}, ¥0l. 4, PP. 11i™7.



HISTORICAL BACEGROUND 7

separate molds, this machise extruded a continuous ribbon
of ¢lay through a die and required am accessory cutting table
on which the column of clay was cut into bricks of the desired
length. This machine, employing steam power, was capable of
producisg 100,000 bricks per day.

Thus, by the end of the Civil War the stage was set for- the
development of a mechanized brick industry. The major mixing
and forming equipment, pugmills and brick-molding machisnes,
were being introduced. Powerful steam engines, which bhad
revolutionized produétion techaigues iz other fields by allow-
ing the concentration of power machinmery, began to find more
extepsive use; so did bucket elevators and other conveying
devices used to handle the increasing volumes of raw material
and finished prodnct. The period of opem-air preductior in
brickyards was drawing to a close.

With the westward expansion of the country asd the comsequent
need for coastructios materials, brick plants also had to
b2 built is the new couetry im order to avoid exorbitant
transportation costs, Chamber's stiff-mud auger machine,
capable of a bhigh volume of prodaction, found imcreasing favor
in the new plants in the Midwestera States. In order to break
down the harder raw materials which were available in the mew
areas, more prelimisnary griading equipmeant, such as crushers,
grisders, and disintegrators, had to be employed,

Iacreased demand for brick was followed quickly by increased
investmeat in the indusiry and expanded production. Heated
drier sheds began to replace the traditiosal open-air method
in order to decrease the time of drying. Attemtion was being
given to kilm design in an effort to reduce fuel costs, and
downdraft and continvous kilns were introduced. Where clay
suitable for the soft-mud process was available, mold-filling
machines began to come inmto general use,

The decade from 1879 to 188¢ witnessed the most rapid isn-
crease in production in the kistory of the industry. Produc~-
tion more than doubled and by 1889 had reached a level higher
than that which prevailed in the years arcund igso. In the
following decade, from 188¢ to 1899, productios increased by
only & perceat, but the most rapid rate of imtroduction of
mechanical improvements and power in the indastry's history is
indicated. Data for the clay-products industries show that
the installed horsepower nearly doubled from 1889 to 1899,
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a period in which horsepower per wage earner increased from
1.07 to 2.39. It appears, then, that iz this decade the
industry consolidated its previous production gains by a more
complete mechanization of the manufacturing process. Certainly
the peri?d.witnesseé a marked increase in the use of mechanical
equipmeﬁt in brick plants.

The operations ie the clay pit that had formerly been per-
formed éntireiy by men uosing picks, shovels, and wheelbarrows
began to be mechanized. Drills and blasting materials in-
creased the productivity of labor in the clay pit, and horse-
drawn cars ca rails replaced wheelbarrows in transportatiocsm
to the mill. In a few instances steam shovels aad cable and
locomotive haulage were imtroduced at these operationms.

About 1900, open-air drying was giving way to artificial
drying im sheds. 1In the newer plants the brick were stacked
from the molding machine onto cars which ran os rails through
the driers to the kilns, thus eliminating a separate bandling
in the drying process. The use of conveying eguipment became
common inm the crushing and grinding aad in the machine-house
departments.

A few of the larger plants were making serious efforts to
reduce fuel costs by proper kilm design. The continuous~
burning method, whereby kilns were fired in succession and”
connectied by flues in such a way as to employ the heat of
cooling brick im the preheating of freshly set brick, was
employed in some of the larger plants. In 1889% was introduced
the tunsel kiln in which the brick were set om cars and con~
veyed through on rails., This eliminated most of the labor
associated with the operatioss of tossing and setting the brick
by hand in proper arrangement for burning. In some iastances
0il and gas were substituted for coal and wood, thereby re-
ducing labor costs associated with firing the kilas. At other
plants waste heat from cooling kiles, ratker thanm direct or
steam heat, was employed in the driers.

Production, which had failed to show a marked increase ia the
period 18B89~99, had increased in 1909 by almost 50 percent over
the 1899 level and was at the highest point ever achieved by
the industry.

Sclay Products Cyclopedia and Pouipment Catalog (S4 ed.; Chicago: Industrial
Publications, Inc., 1UR6}, p. 174
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Indicative of the mechanization taking place in the industry
is the fact that this 48.¢~percent increase in production was
achieved with only a 135.9-percent iacrease in employment and
& 14.0-percent rise in map-hours. At the same time the total
installed horsepower iuncreased by 78.6 percent iq-the clay-
products industries, and the horsepower per wage. €arner by
#2.3 percest.® After 1909 the trend of production in the
industry reversed itself, and by 191¢ productionm had declined
from the crest in 1909 by over 4o percent to a level slightly
below that which had prevailed im the iadustry ian 188%.

For the most part, the mechanizatios between 1500 and 1520
represented the spread of those techriques which had been used
iz the most advanced plants is 1900. Particularly marked was
the increased employment of mechanical eguipment in the clay
pit. DPower shovels and cable and locomotive hanlage were in
general nse by 1gao. In the crushing and grinding operations
the closed-circuit technigue was beiasg more widely employed.
This technique involved the screeming of the crushed product
‘and the retura of tie oversize material to the crusher or
grinder for further reduction. This addition, reguiring only
minor eguipment changes, resuylted in a substantial increase in
output per machine-hour as well as per unit of power expended.”
In this department and in the machine house also there was
more extensive use of mechanical conveying equipment. In the
brick~-moldisg operation the technique was greatly advanced,
principally by refinements in existing machines., Cutters
employed in the stiff-mud process were now generally automatic
in operation, a change which increased capacity in one instance
from 62.5 to 100 tons per day.

In the soft-mud process, handling hetween the machine house
and the drier was facilitated by the iatroduction of comnveyors
which carried pallets of green brick to the drier where they
were stacked on specially designed racks. Other plamts used
drier cars on rails carrying the brick from the machine house
through the drier. The labor associated with the transfer of

O¢hirteenth Consus of the Pnited Jtates: 1510, Vol. X. *Henufacrures: 1909
{B, 8, Dept. Com., Bur, Census, 1813], p. B48. See fta. 0.

"m clogea-circuit method InCTeases output per mMachine per hour 58 Well as per
unit of power expended. DYy removing particles as soor &8 they are ground suf-
riclisntly fine, It praventy tleir repeated regrinding, which occurs In the batch
method, since fn that system the entirs datch musi remaln until the coarser
particles sre reduced in slge. By removing the material &8 It Is redUced Lo proper
sige, 1t sllowas more raw mpterisl to be added to & pan of limited cApDacity and
bance Increases the qutput of & machine pep hour of speratica.
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these cars to the drier and from the drier to the kils was
cousiderably reduced by the istroduction of self-propelled
electric and gasoline tramsfer cars.

In geseral, there were few marked changes in burning tech-
nigue heiween 1g9o¢ and 1920, except for the increased use of
©0il and gas. There was, however, a marked reduction im the
labor requirements associated with the setting of brick in
the kila, accomplished in a number of planmts ia the Chicago
area by the imtroduction in 1910 of mecharical brick-setting
crages.® Most of the larger plants in this highly competi-
tive area adopted this system durisg the first year of its
introduction. This eguipment picked up an entire drying
carload of bricks and set them in place in one operation, hence
€limipating a great amount of labor.

Data on prime movers employed in the clay-products industries
indicate that by 1909 the shift from the use of asimal to steam
power had been virtually completed. In thar year the begin-
nings of a further advance were evident in a shift from the use
of steam to that of electric power, GSeven percent of the total
horsepower reguirements of the industry were supplied by
electric motors in 1909. The shift to electric power proceeded
rapidly during the following decade. By 1914, 20.4 percent of
the total horsepower requirements were supplied by electric
motors, and by 191g this figure had risen to 34.0 percent.?

The significance of this shift to the use of electric power
for about one-third of the requirements of the industry lies in
the centralization of power generation in central stations from
which power was purchased, or at one poiat in the plant, aad
the conseguent displacement of labor. The use of electric
motors facilitated the application of power to such new devices
as setting cranes and transfer cars.

By 1920 productioa in the brick industry was firmly estab-
lished on the basis of the modern factory system. In the clay
-pit especially, the gereral use of steam shovels and locomotive

skﬂ? machinery-maaulfacturera survey [see appendix for & brief descriptics of
the survey).

®1he data {based on Censuy of Manufaciwres] given here for 1914 and 1919 do not
correapond 1o Uhe data used later In ¢iscussing changes 11 type of power, This is
because in 1814 the Censuy of Manufaclures begah to present separate statistics for
the sanufacture of pottery (and porcelaln ware)} and of brick, tile, and nonclay
refractoriss. Since data are avaliable for 1900 only ror the Industriml Category
Including pottery, data for 1914 and 191¢ are given here which apply te the
comparable category. In 1914 the *Pottery® industiry accounted for 4.8 perceant of
tha rated hBorsepower of the "Clay-Progucis Industries.?
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or cable haslage of dump cars had eliminated the large amoust
of hand labor associated with the clay-pit operation of 1go00.
Many special-purpose machines were available for use, and
some plants, suck as the larger ones in the Chicago area,
were operating on a highly mechanized basis. In these few
plants ever the most labor-consuming process, that of setting
and wnloading the kilms, had been mechanized. In general,
kowever, this work was doze by hand, aad the level of mech-
anization of most of the industry did not approach that of the
Chicago plasts.

The advances im technology prior to 1920 had a marked effect
on the prodectivity of labor. Man-hour requirements per umit
of production were reduced by more than 50 percent betwees
1870, when the stiff-mod auger machine and the soft-mud mold-
filling machine were just beginning to be generally employed,
asd 1530. In the later years of this period, 1889 to 1919,
when most of the changes thus far discussed were first intro-
duced, man-hour requirements were reduced from 17.3 1o 12.6 per
thousand brick.1?¢
yirtan 5. West, Productivity and Fsploysest in Selacted Industries: JSrichk

ani file {WPA Natlohal Research Project in cooperation with Mationsl Bureaun of
Economic Research, Report No. R-B, Fed. 1836}, p. 108,



CHAPTER I1I

MECHANIZATION AND PRODUCTIVITY SINCE 1820

PRODUCTION AND PRODUCTIVITY

The character of mechanization ia the brick industry during
the period 1920-36, with which this report is primarily con~
cerned, was strongly influenced by the fluctunations in the
industry's production dering this period and during the decade
pricr to 19ac. Production declined steadily in each of the
3 census years following 1909, and in 19z1 the industry was
operating at only 57 percent of capacity. From 1921 to 1¢2s
production increased rapidly, a2ad by 1925 the industry was
operating at capacity. After 1925 brick productior declined
slowly ustil 1929 and sharply thereafter. By 1933 production
had declined to approximately the level of 1859, and only
13 percent of the industry's capacity was being ntilized.
By 1935 recovery had advanced the level of production slightly,
but the industry was still operating at oaly 23 percent of
capacity.l

As a result of these fluctuations im production and in
the extent of utilization of capacity, the relationship of
mechanical changes to the productivity of labor is often
obscured. During the period of risimg production from 1421
10 19285, man-hours per thousand common brick produced declined
from 11.5 to g.c Or by about 22 percent. With the decline
of production after 1935 this reduttiom in uait man-hour
reguirements ceased, and by 1935 the ratio stood at §.7 man-
hours per thousand common brick, an increase of 7.8 perceat
over the 1925 level. The rise im umit labor reguirements
after 1935 may be attributed to the declime in the extent
of utilization of capacity. Miss West estimates that had
the industry continued to operate at capacity, the man-hour
requiremeats per thousand common brick would have decliped
to 7.5 iz 1935 or to 16.7 percent below the 1925 level.®

ixiriam £. weat, Productivity and Isployment {n Jelected Industries: ZBrich
and Fils¢ {WPx MNational Resparéh Project In cooperatioh with Natlonsl Bursau of
Eccnomic Research, Repori No. N2, Feb. 1939}, p. 1:i2.

2rhia.
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During the war-decade drop in producticn a large number of
plants shut down, and the subseguent spurt found the industiry
cestralized in a2 much smaller number of hards than before.
The high output of 1925 was achieved by the utilization of the
productive facilities of osly 1,538 establishments as compared
with the 4,215 plants responsible for the approximately egual
production of 1g09. The declise of production during the
1930's further reduced the number of plants by over 58 percent
so that in 1935 only 708 establishments reported to the Census
of Hanufactures.® 4 consideration of the basis for this
centralization of productior also affords am understarding of
its sigaificance with respect to mechanization. The wide ramge
of competitive conditions between plants serving metropolitan
markets and those serving the more restricted markets of the
rural areas has its parallel ia the wide ramge of productivity
among individual plants. The least efficient plant surveyed
in the NRP-NBER 1936 brick-plant survey had a mas-hour ratio
6.4 times as high as that of the most efficiest plant in
-1928., This disparity iscreased during the depression uatil by
1935 the man-hour ratio of the least efficient plant was 2%
times as high as that of the plant whbich was most efficient.
Similarly, the average man-hour reguirements per thousand
conmon brick of the third guartile of plants in 1935 were
139.2 percent of those of the first quartile.*

The indications are that productivity of labor is higher im
the larger plants. The NRP-NBER 1936 brick-plant survey showed
that the mas-hour ratio in plants with an annual capacity ef
15 to 29 million commea~-brick equivalents was 14.5 perceat
lower than that in plants with an annual capacity of less thas
15 million, wheress the ratio in plants with an annual capacity
of more than 30 million was go0.2 perceat lower tham that of the
group of smallest plants.® There were also indications of a
positive correlation between the productivity of labor and the
capital investmeat per unit of capacity im 2 few cases where
data were available.®

It cannot be assumed, of course, that the eiimination of plants
has proceeded strictly om the basis of relative productivity

Sroia.. 3. 1.
4r5id.. o 178
8784d.. p. 120
$0id.. oo 124-5.
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since, clearly, other factors must enter into consideration.
On the other band, there can be little guestion that relative
productivity has played an important part in determinming which
plants within a given area remain is operaticn.

BOURCE OF DATA OX RATES AXD TYPES OF MECHANIZATION

The precedimg discussion provides a background for the
examination of mechanization in the industiry duriang the years
1920 to 1936. Here, the several types of techaological de-
velopmernts will be traced through the varioss departments
of the brick plant.

Cne quantitative measure of the rate of mechanization is the
volume of sales of equipment to the industry. Sales data on
jndividual machines and on classes pf machines also make it
possible to distinguish types of mechapization. The priacipal
source of data used in this report is a field survey of the
sales of manufacturers of egquipment used by the brick and

Pigere %.- ViALUE OF TOTAL PRODUCTION AND OF BALES OF
CLAY-WORKING EQUIPMENT BY EIGHY COMPANIES,
1921-3%
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tile industry. This survey will be designated hereafter as
tke NRP machinery-manufacturers survey.” It included five
manufacturers of clay-preparation and machise-house equipment
and three manufacturers of crashing and grinding equipment.®

As indicated by the NRP machinery-masufacturers survey, sales
of brick azd tile machinery rose to a peak in 1923, 2 years
before the peak in brick prodsctiocs in 1925. Throughont
the remainder of the 19a0's equipment sales maintained a
high level. After 1929, sales declined by 86 perceat to a low
point in 1933 corresponding to an B4-percent declime in brick
production. Between 1933 asd 1435, sales of brick machinery
increased somewhat more rapidly than 4id brick productiosn.
Iz spite of this recovery, however, sales of brick machinery
in 1936 were less than 3% percent of the average yearly sales
dering the 1920's.

Additional data on the extent of use of various production
techniques were obtained inm the course of a survey of 108 brick
gad tile plants conducted in :936 by the Natiopal Research
'Project and the National Bureas of Ecomomic Research aamd
referred to hereafter as the MRP-NBER 1436 brick-plant survey.®

At 28 of these plants flow charts of the productioa process
were obtained, affording an indication of actual operating
practice in the iadustry im 1¢36. In addition, some data
were obtained from almost all the plants on equipment changes
and their effects oo the labor requiremeats for particular
cpérations. The plants covered are somewhat larger than the
average for the industry as a whole. Since the larger plants
frequently employ more advanced machines and technigues, it is
likely that an analysis based on the methods employed by this
rather small sample may overstate, to some exteant, the degree
of mechanization of the industiry.

S5till other material on clay-pit practices was obtained from
& tabulation contained in a productivity survey of 71 plamts
made in 1922 by the U. S§. Bureau of Labor Statistics and
referred to hereafter as the BLS 1922 brick-plast survey.!?
Another survey of clay-pit methods at 1a0 plants by & trade

7‘!& filgid work was confucted by the Matlional Research Project ian cooperallon with
the Maticasl Bureau of Economit Ressarch.

ss:a appentix for more dstalled dlscussion ¢f the survey.

iﬂu data on man-hours, ‘vrodmtim. and productivity obtaized in this survey wera
publishad in West, op. .

10,t3)10m ¥, Eirk. Productivity Costy in Oommom-Srick Indsadry (U, 5. Dept. labor,
Bur. Labor Statistics Bull. Ho. 366, 1324).
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journal has been drawn on and will be designated as the Brick
and Clay Record 1927 brick-plast survey.'! Each of the surveys
covered plants of somewhat larger-than-average size. Although
the plants covered in the three surveys are not strictly
representative of the industry as a whole, they represent
samples of sufficieat similarity to justify comparisons between
the years of the surveys.

Machimery-sales data fursish the basis for most of the
discussion, but material om equipment ism nse at operating
plants eaters prominently into the discussion of the clay-pit
and the dryiasg and burning departments. Throughout, the data
from the NRP-NBER 1936 brick-plant survey furaish a poiat of
reference, both for causes of labor displacement ard for the
extent of use of equipment. Finally, a thorough examinpation
of trade journals in the field has furanished informatioa
necessary to supplement the survey data. The attempt has been
made to comstruct from all these sources a picture of the
rates aand types of changes of productiom techmigues in the
brick and tile manufacturing industry.

CLAY PIT

Excaratioa

In 1920 the clay pits of the most advanced plants were being
operated on 2 highly mechanized basis. The characteristic
process in the larger plasts usnali? iavolved the use of
power shovels that loaded the clay onto side-dump cars drawe
by gasoline locomotives. Where necessary, blastiag was em-
ployed, the holes for the shots being mechanically drilled
in most instances.

4 substantial section of the industry, however, still em-
ployed the technique of 1900. In the most backward plants clay
was blasted loose and then loaded by haad intoc horse-drawa
carts. An indication of the extent to which hand loading
was still being used is given in the BLS 1933 brick-plasat
survey, which showed that out of 71 plants, 19 were usiag hand
shoveling and loading.!®

1lsp3sy Pic and Mine Methods,® Brich and Clsy Record, Vol. 70, No. iS5 {Juns 21,
1027), 1002-28.

120: the §2 plants employing mechanicel msthods, 45 ussd Dower 3hovels, 4 used
dragiines, 2 usad scrapers, and 1 usel A dredge to take clay from a river botiom.
It wea 8180 ahows that the s¢fi-mud plants were alightly more backward than the
atif{f-pud plants, 50.8 parcent of ihe soft-muwt plants and 24.4 percent of the
#Uiff~mud planta using hend loeding.
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Table 3.- INSTANCES OF TEE EFPECTS OF MECHANICAL LOADING
ON LABORK RERQUIREMENTS IN THE CLAY PIT®

Number of men reguired
Ysar of per shift for loading
fi:::?;:z instal- Be fore After
latlon ipstal~ tpstala Reductiocn
lation lation {percent)
Steanr shovel,
4 cu. yd. 1918 7 2 71
Stean shovel,
+ cu. yd. 1926 12 1 82
Elect-l;ie shovel,
< cu. ydi. 1923 ] 3 87
Electrie shovel 1830 7 2 71
Siectiie shovel,
* ct. yd. 19831 5 1 80
Gasol{.na shovel,
¥ cu. ¥d. 1927 8 i es
Shale planer 1914 5 ] 40
Shale planer 1820 7 2 71
. Tructractor, 2 ton 1624 8 2 a7

Spasad on files of NRP-NEER 1938 brick-plant survey. Except for ths last itesm,
which h:;spiaced horges 4nd 2carta, eath Of the apecified Installations replaced
or.

Some idea of the economies attemdant on the use of mechanical
loading devices is given iam table 2, which presents instasces
of labor reductions reported at plants included in the NRP-NRER
1936 brick-plant survey.

One plant in this survey reduced its labor force in the
clay pit by 26 men when an electric shovel, locomgtives, and
clay cars replaced hand shoveling and wheelbarrows. This
case illustrates the particularly striking economies that
were obtained in those plants formerly employing the most
backward techniques.

The types of changes illustrated in table 2 tcok place
throughout the 1330's. That the rate of introduction of
mechanical loading equipment was rapid during this decade is
indicated in figure 3 and table A-7, whichk show the sales of
power shovels and locomotive cranes to the brick and tile in-
dustry by thraze companies manufacturing excavating equipment.i3

wi‘sr discussion of tha alze of thess three companias sae appendirx.



18 MECHANIZATIOX IN THE BRICK INDUSIRY

Figuze 3.~ IRDEXI OF VYALUE OF BALES OF POWER SHOVELS AND
LOCOMOTIVE CRANES TO THE CLAY-WORKING
IFDUSTRIES, 1920-88
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Tabie 3.~ PROPORTION OF BRICK AND TILE PLANTS USING MECHANICAL
LOADING EQUIPMENRT, ‘1822, 12%%, AXD 1518

Number Plants using mechanical
of plants lozding equipment
Brick-plant reporting
survey on loading- Kumber Percent

eguipment .

BLS 1622 71 52 75.2
Brick and Clay

Record 1927 120 ) T 118 88,7
NRP-NBER 1938% 26 25 8.2

8¢ 19 intaresting to note that im the cone plant which nsed hand loading this
mathod was adopled in 1834 after the steam shovel previcusly In use bed worn out.
This instance may reflect the #1fficult financisl positicn of tha brick industiry

that makes Operators reluctant Lo advance capital £or sven the minizum Necessary
replacements 0f worn-out egquirmsnt.

By the end of the 19a0's mechanization of loading in the clay
pit was practically completed, as will be seen from ;he three
surveys summariged in table 3. ;
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One important phase of the advance in production technigue
ia the clay pit during this period, then, was the extension
of mechanical methods to those plants which had employed
kand methods in the clay pit im 1920. Amother advance in
production techmique, in that large sectioz of the iandustry
employing mechanical methods in the clay pit, took a somewhat
different form. By far the most important mechanical device
employed iam the loading operatior is the power shovel. The
period 19a0-36 witnessed considerable advance ia the design,
operation, and efficiency of power shovels. Thus, iz many
instances, plents which replaced old egquipment by new achieved
reductions ia production costs almost equal to those obtained-
by the shift from hand to mechanical methods.

A type of change reported fregueantly in the NRP-NBER 1536
brick-plant survey was that from steam-powered to electric- or
gasoline-powered shovels, Steam shovels reguire the services
of a fireman and of labor conmected with the supply of water
and fuel in addition to that of the operator. The adoption of
-electric~ or gasoline-powered shovéls enables clay-pit opera-
tors to dispense with these service functions and conmseguently
shows marked advantages over the use of steam shovels, The
three surveys mentioned previcusly reflect the shift from steam
to other forms of power in mechanical shovels {see table g},

Table ¢.- DIBTRIBUTION OF POWER SHOVELBS USED IN CLAT PITS,
BY XI¥D OF POWER,. 181, 192%, AND 193¢

Percent of shovels using -
Brick-plant Kun:er
survey o Steam Electric Gasoline
hovels
8 power power power
BLS 1022 45 $3.3 8.7 0
Brick and Clay
Record 1927 lo2 58.9 30.1 11.0
¥RP-NBER 1538 29 48.8 37.9 i3.8

Thus, the major ecomomies resulting from the shift from steam
to other more economical forms of power appear to have been
realized for the most part during the iga0's. This conclusion
is in agreement wilh data on sales of power shovels to the
iadustry, which show only a negligible volume since 1439
{see figure 3}.
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The shift away from steam-powered shovels was at first toward
the electric-powered type, and during the first part of the
1920's the use of electric shovels increased rapidly. Then,
about the middle of the 1920's the gasoline shovel hegas, to
gain favor. Thus, although there were no gasoline shovels in
any plants surveyed in 1922, 11.0 percent of those surveyed
in 3927 and 13.8 percent in 3936 used this type.

The rate of introduction of gasoline shovels seems to have
stabilized ian relatior to the electric type. Ism both the
Brick amd Clay Record 1927 and NRP-NBER 1936 brick-plant
surveys the percentage of gasoline to the total of gasoline
and electric shovels was 26.9. That the electric type is of
more receat istroduction than the steam shovel and the pasoline
type more recent tham either is shown by the fact that in the
NRP-NBER 1936 brick-plant survey the average age of shavels
in use in the plants surveyed im 3936 was 2¢.5 years for steam
shovels, 13.¢ years for electric shovels, and 7.0 years for
gasoline shovels,

Another important factor in the efficiency of power shovels
is their size. At, or mear, capacity operation, the operating
cost of the power shovel per unit of output decreases with an
iscrease in the capacity of the equipment. Labor costs in
particular show little or no chamge with am increase in the
capacity of the shovel. According to one manufacturer report-
ing in the Brick and Clay Record 1937 brick-plant survey,
the total fixed and operating costs per ton of material dug
were as follows for various-sized gasoline shovels: & cubic
yard, 3.10 cents; # cubic yard, 5.16 cents; and 1 cubic yard,
1.76 ceats,

Medivm-sized and small brick plants are act capable of
utilizing the output of a large shovel operating at capacity.
By far the most popular size of shovel is one with the §-cubic-
yard dipper capacity. The survey in 1¢z7 indicated the over-
whelming popularity of this size and the survey of brick
plants im 1936 on the whole substantiated this conclusion
isee table g].

The large shovels, of 24 and a#§ cubic yards of d}gger ca~ -
pacity, which appear ir the NRP-NBER 1936 brick-plant survey
are all in four plants in the Chicago area owned by one of the
largest brick companies im the country.
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Table §.- NUMBER OF PLANTS USING FOWER SHCVELE, BY CAPACITY

OF DIPPER. 1927 AND 1538
Brick-plant survey Brick-plant survey
Dipper Dipper
capacity | Brick and capacity | Brick and
[cublic Clay HRP-NBER {cubic clay KRP-NBER
yards } Record 1956 yards} Record 1938
1927 1927

2 2 o 1 4 0

i 2 1 13 1 )

8 1

® k- 4 1z 1 o]

1 o i 5 o 3

8 P

iy a7 15 E-ry L 1

5 2 o

i

Other significant reductioms inm operatisg labor have been
achieved by such relatively minor changes as the mounting of
power shovels on rails and the introduction of crawler treads.
In one plant covered in the NRP-NBER 1936 brick-plamt survey
the substitution of a steam shovel mounted on flat wheels for
one mounted on rails reduced the shovel labor force from four
mes to two by eliminating the two men associated with the
laying of rails. In anmother plant covered iz the same survey
the substitution of a shovel mounted on crawler treads im place
of one mounted on traction wheels eliminated the services of
three men who had beer previocusly required for laying down mats
on which to move the shovel from place to place,

Among the miscellaneous mechanical implements other than
power shovels employed in clay digging and loading, the shale
planer is of particular interest, The shale planer consists
essentially of a steel framework which supports a cutting
chain carrying a series of kaives that operate directly on the
wall of the ¢lay pit. The planer removes shale in small
pieces suitable for immediate final grinding without further
reduction, This eguipment eliminates the mecessity for blast—
ing and for preliminary crushing. Ore brick plant surveyed
in 1936 was able to eliminate the services of five men by the
installation of a shale plamer, and anocther was able to reduce
the number of mea reguired in clay excavation from five to
three by the use of this equipment,
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wWPA = National Research Project (Hine)

FIGURE ¥.— MECHANICAL EXCAYATING AMD LOADING [N THE CLAY PIT

The clay cars, after having been loaded, are hauled by locomotive to
the foot of the Incline L:ho\vn in the background) leading to the clay-
preparat ion department. The cars are hauled up the incline by cable.

Transportation

The transportation of clay from the pit to the crushing house
is generally accomplished on rails by means of clay cars drawn
by small gasoline locomotives. Frequently the clay cars are
drawn up an incline to the crushing house by a hoist and cable.
In a considerable pumber of plants where no locomotive is used
the cable extends the entire distance from the loading place
in the clay pit to the crushing house.

These two mechanical methods of hauling clay to the crushing
house were employed in the great majority of the plants in
1920. At a considerable number of plants, however, the clay
was hauled by horse-drawn cars or carts either to the bottom of
the incline or all the distance to the crushing house. The
decline in the use of animal power is indicated in table 6.

There also appears to be a trend, less marked, away from the
use of cable haulage alone and toward the use of locomotives in”
combination with cable hauling.

It seems likely that the increased usage of locomotives in
conjunction with cable haulage reflects the fact that the



MECHANIZATION AND PRODUCTIVITY 23

Takle 8.~ PECPORTION OF BRICK AND TILE PLANTS USING
ANIMAL POWER POR HAULIRG FROM THE CLAY BIT,
1522, 1887, AND 192¢

Number Plants using animal power for
Brick-plant of plzz&ts all or part of ihe hauling
survey repor A ng
on hauling Humber Percent
methods
BLS 1922 71 11 18.5
Brick and Clay
Record 13527 37 8 8.1
KRP-NBER 1938 22 1 4.5

Table 7.~ PROPORTION OF BRICE AND TILE PLANTS BSING OELY
CABLE HAULAGE FROM TEE CLAY PIT,
1882, 1827, AND 1918

Humber Plants using cable
Brick-plant of plants haulage only
survey reporting
on hauling Humber Percent
metheods
BLS 1922 71 . 23 32. 4
Brick and Clay
Recerd 127 37 B i8.2
NRP-~-NBER 1§38 22 5 22.7

extension of guarrying operations necessitates supplementary
locomotive haulage. A locomotive, by shuttling more cars more
rapidly between the shovel and the cable, may effect a greater
degree of utilization of the shovel than is possible when only
the cable is used.

The large economies attained by the mechamization of irans-
portation are illustrated by several chasges in the plants
surveyed in 1936. One large plant succeeded in reducing the
labor associated with clay transportation from 23 men to 5 by
the istroductiocn of & gascline locomotive and clay cars.
Another, which replaced horses and carts by a locomotive
asd clay cars in 1926, showed a resulting reduction in the
transportation labor force from five men to oRe.

The net effect of the mechanizatiom in the drillisg, exca-
vating, and trassportatios operations of the clay pit kas
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been to reduce sharply the operating costs ia this sectiom
of the brick inmdustry. Im the Brick amd Clay Record 193%
brick-plant survey, data on clay-pit costs were available for
18 mechanized pits employing power shovels and locomotive~ or
hoist-drawn clay cars and for 3 plants ia which hand excavatiag
and horse-drawan carts were used, These data show a marked
competitive advantage in favor of the mechanized plamts. While
the average labor cost for clay per thousand brick in the
uamechanized pits was $o0.894, that in the mechamized clay pits
was only $o0.311; over-all costs, iacluding such factors as
depreciation as well as operating expenses, were $1.621 per
thousand brick in-ummechanized pits as against $o.%32 ie those
that were mechanized.

The coasiderable variations of costs among those plasts
employing mechanical equipment depend largely upon the size of
the establishment. In general, the clay pits supplying the
largest plants are the most efficieat, as shown by table 8.

Takle 8.- CLAY-PIT COSTS PER THOUSAND BRICK,
BY CAPACITY OF PLANT, t#1T®

Capacity Costs per thousand briek

of plant Rumber of

{thousands plants b

of brick) Total Labor Power
O=40 7 21.264 $0.508 $0.154
41~80 -7 0.861 . 317 . 083
81 or over 4 0.584 .226 .088

%pets from Brick snd Clay Record §087 brick-plant survey.

In consideripg these figures, it should be remembered that
the results are necessarily gualified by the small sumber of
plants in the sample and by the fact that, because of the wide
diversity of operating conditions ia various plants, each
capacity group shows in itself a wide variatioa. These figures
indicate, however, that the greatest difference in costs lies
between the small- and mediuvm-sized plants and that the major
differesce of cost between the medium- and large-sized plants
comes from the reduction ia 1abor'requirements.

The isdustry, especially that part of it represented by the
larger plants, has kad considerable difficulty in utilizing all
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its productive capacity in recent years. This has been par-
ticularly true since 1929, and this factor has probably served
to modify the gains in productivity achieved by mechanization
iz the clay pit.

GLAY PREPARATION

In the preparation of clay for the mcldirg operation the
skale and lumpy clay as it comes from the clay pit is reduced
to a finely ground and fairly homogeneous substance. The
principal piece of equipment employed for this purpose in
most stiff-med plants has always been and still is the pan.
Occasionally the pan is supplemented by a preliminary crusher,
which reduces the larger pieces of clay or shale to a size more
suitable for further reduction by the pan.

The most striking change in this techaique of clay prep-
aration has beenm the imsertion of preliminary crushers into
the flow ahead of the pans. In some plants the practice
still prevails of breaking vp the larger lumps of clay or
shale by sledge. The elimination of this mamual labor, by
the introduction of preliminary crushers, in many iastances
accomplished marked reductions in the labor regunirements. In
the NEP-NBER 1936 brick-plant survey and in the trade journals
there were reported, as a result of the imstallatios of pre-
liminary crushers, reductions in the labor force from i3z men
to 2,%*¢ from 13 to 4,!® from 10 to 5, and in two instances
from 8 to 1.1%

Ever in those isstances in which manual labor was aot re-
quired for the primary reduction, significant economies were
achieved by the addition of preliminary crushers. Prelimipary
reduction of the clay reduced the power requirements inm the
pan, made possible savings ia the repair and maintepance of the
pan by eliminating the strains imposed by large pieces of clay,
and increased the pan capacity.l”?

In the soft-med plasts aed is stiff-med plants using more
plastic clays which would clog a paa, clay preparation has

1%ecrusher, Elevator and Feeders Save Ten den,* Irich and Clay Zecord, Vol. 88,
No. 13 {June B3, 1886). §486.

ﬁW Dg Preliminary Qrushing?* Brick and Clay Fecord, Vol. 68, ¥No. 13 {June 23,
i.ﬁs). 685-8.

1958 trick-plant survey.
17vuny Do Prelimirary Crushing?* loc. cit.

.
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generally been accomplished in several steps involviag a
grasulator with revolving kaives that cut up the soft clay,
conical rolls that remove stones from the clay, aand smooth
parallel rolls that accémplish the final reduction. No change
cccurred in this process during the years 1920-36, the praétice
throughout this period favoring, in most instances, the use
of multiple-stage reduction.

In the larger number of stiff-mud plants the marked tendency
to improve performance by imtroducimg gradual reduction is
shown by an examipnation of the data on sales to the brick

Figure 5.~ CLAY PREPARATION

MOIT STIP-D
PLANTS

BOFY =WUC PLANTS
ANE STIRP-MUG
PLANTS USING
PLASTIC CLATS

WPA ~ Nationa! Research Froject

=16

The dry pan is standard for grindin? in most stiff-mud plants. The
n

ground material drops through the slits the Tloor plate or Is discharged

over the rim, it is then screened, and the coarse overtails go back to
g:a gan for regrinding. Sometimes a preliminary crusher is used befors
e dry pan.

in soft~mud plants or in stiff-mud plants using plastic clays the
gradual-reduct ion system is usually employed. It consists of a granulator
whose revo)vlng knives break up lumps of clay, a set of conical rolls to
remcve 1arge siones and other hard objects which might injure the smooth
rolls, and a set of smooth rolls to grind the clay to required fineness,

industry since 1920 of crushing and grianding equipment (table
A-3 and figure ). There was a tendency throughout this
period to take advantage of the economies associated with the
use of preliminary crushers auxiliary to the pan. This is in-
dicated by the proportion of total sales of crushiag eguipment
accounted for by pans, which shows that there has been a steady
drop in the relative importance of pans. During the 1920's the™
percentage of total sales of crushing and grindiag equipment
accounted for by pans fell from B7.9 percent im 1920-3a to
76.8 percent ia 19a7-29. This detline was steady throughout
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Figurs §.~ INDEXIES OF VALUE OF BALES OF CRUSBING AXD GRINDING
EQUIFMENRT TO0 TEE CLAY-WORKING INDUSTRIES, 131s-33
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this periocd of substantial sales and indicates that brick
plants were tending to install preliminary crushers in larger
numbers throughout this period.!® The marked declime in the
relative importance of pans in the period 1934-35 contimues
this trend, although the sigaificance of the data is qualified
by the small volume of sales.

Some indication of the exteat of the use of multiple-stage
reduction is given by the NRP-NBER 1936 brick-plant survey.
Qf the 25 stiff-mud plants reporting om crushing equipment,
40 percent employed pans only, 20 percent used pans with
preliminary crushers, and 40 percent accomplished the reduction
is two or three stages involving the use of granslators and &
variety of roll crushers. Oaly one of the six soft-med plants
employed the pam except for the regrinding of cull brick.

Since the pan remains the most important single piece of
clay-grinding equipment, the improvements iz its design which

18r 33 stirf-mud plants reporting on equipment changes LG the NRP-HEER 1938
brick-plant survey, 12 Teporisd changes in the crushing department: of the 7
soft-mud planta reporting equipment changes, only 1 reported & change In the
crushing depariment.
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have taken place during these years are of considerable in-
terest. One of the major points of emphasis of engineering
design has been to increase the grinding power of the mullers
by increasing the force with whbich they press on the revelving
pans. This has been accomplished in some cases by simply
increasinpg the weight of the mullers. Ia one machime it has
been done by using preumatic pressure to increase the force
with which the mullers press against the grinding plate,
50 that mullers weighing only 3 tons have been capable of
producing 2 pressure eguivalent to that of 13-ton mullers.

A second poimt of engineering emphasis has been to increase
the amount of material circulatisg through the dry pan. This
has been accomplished by widening the slits in the grimding
screen, and, more effectively, by eliminating the grinding
screen and permitting material to discharge over the rim of the
grinding plate. The capacity of dry pans has been izcreased
by as much as 50 to 25 percent by increasing the circulating
load.1® The technigque employed in these cases is known as
closed-circuit grinding and isvolves the return for regrinding
of coarse material which does not pass the screen, thereby
eliminating the overgrinmding of material and the resultant
cushioning by the finely ground particles. '

The net effect of the increase im the griading force of
the mullers and the iacrease ia the discharge with closed-
circuit grinding has been t0 decrease the power consumption
apd at the same time to iancrease the capacity of the dry
pan.®% The extent of use of the closed-circuit techmigque
is indicated by the fact that of the 14 plants employing
dry pans in the NRP-NBER 1936 brick-plant survey, 13 used
the closed-circuit methed.

MACEINE HOUSE

The machine house is the center of the forming operations
involved in the production of brick. In discussing its mech-
asization, three periods may be distinguished since 1920
first, the years from 1920 t0 1435, is which production was
generally rising to the post-war peak im 19as; second, the
years from 19a6 to 1931, which represented a period of stable

19%:01ay Preparation,® Brick and Clay Record, Vol. 77, No. 14 (Dec. 30, 1830).
790, 703, T58-7.

205 B, Read, "Developments in Dry Pan Comstruction,® Brick and Clay Record,
Yol. 86, Ho. 6 {Sept, B, 1824). S22-a.
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production until 1929 followed by a rapid decline; and third,
the years from 1932 10 19368, which witnessed a recovery in
brick production but to a very low level as compared with that
of the 1920's.

As the years prior to 1625 were marked by an effort to
rehabilitate plants in order to take advantage of the rapidly
expanding demand for brick, so the years after 1925 were
characterized by a steadily increasing emphasis on machines
capable of improving the competitive position of brick manu-
facture by lowering preduction costs or improving the quality
of the product.

Ag the cbjective in former days was production, the
chief purpose for developing new machines today is to
lower the gost of production. Althe many of the im-
proved machines carry increased capacity with them as
ocne of its advantages, it is rather complementary teo
-the real reagons for developing a new machine, which
are lower production costs and better produsts.®l

The essential difference between the two main processes of
‘brick mannfacturing lies in the way in which the brick is
formed. In the stif{-mud process, clay is forced through a die
in 2 continuous column and is then cut to proper lengths.
The soft-mud process involves the use of a pugmill or other
mixing mechanism and a brick machine which presses the clay
into molds. The stiff-mud process involves a somewhat greater
variety of equipmest, necessitating the employment of a pugmill
and auger machinme from which the column of clay is extruded and
a brick cutter which cuts the columr of clay. Both processes
employ such aanxiliary equipment as conveyors and disk and
apron feeders.

Ir 1930 the great majority of soft-mud brick plants used
molding machines that required a great deal of hand labor.
Tke only function performed by the typical machine &t that
time was that of pressing the clay into the molds. The work of
sanding the mold, striking off the excess clay from the full
mold, and bumping the mold to loosem the formed clay was
performed by hand. :

The AutoBrik machime, which performed all these tasks auto—
matically, was introduced in 1gao. This machine, which could
—— T

Elapstrer ¢lay Machinery is Making 014 Types Obsolete,” 3rick and Clgy Record,
Yol. 74, No. 8§ {Apr. O, 1220}, E36.
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produce from 60,000 10 120,000 bricks per day,?2 approximately
doubled the output of earlier machines and at the same time
reduced the operating labor required. In some instances even
more striking increases in output per machine were made:
in one Hudson River Valley plaat, 2 AutoBrik machipes produced
an output equivalent to that of 14 of the older units;®3 in
another, 1 AutoBrik machine replaced 10 old machines with no
decline in output;24 in a third, the number of mem required
was reduced from 5 to 2.25

Information received from the manufacturer of these machines
indicates that-the sales were largest during the first 4 years
of introduction. No information was available on the volume
of sales in 1930. From 1921, sales increased to a peak in 1923
and then fell irregularly uwntil 1928. During the years from

WPA - Natlonal Research Project (Ning)

FIGURE 8.— AUTOMATIC SOFT-MUD MOLDING MACHIRE

The man in the foreground is placing a pallet in the machine. The green
brick in the mold are automatically bumped onto the pallet which then
slides down the gravity conveyor.

201y Praducts L?:lofzdia and Equifment camaf {3d ed.; Chicago: Industrial Pub-
licatlions, IM.. 826}, p. 276. Huruns days of 6 and 12 hours have Deen Assumed.

23., Revelation on the Hudson River," Brichk and Clay Record, Vol. 83, No. 4
{Aug. 21, 1823), 250-63. ke

#Arrom NRP-NEER 1656 brick-plant survey.
2orpid.
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1921 to 1928, 118 automatic machines were installed. After
1928, sales declined to a nmegligible amouat and by 1936 had
shown no temdency to recover. Inm the period from 1921 to 1936,
130 automatic machines were sold,?2%

In view of the saviags pcssiblé with these machines, it is
remarkable that the rate of imtroduction has not been more
rapid. The rather slow rate of mechanization reflected by
the history of this machine would seem to indicate that severe
competition is limited to a relatively few areas, probably
those serving metropolitan markets, and that iz others it is
possible for manufacturers to continve employing less efficient
equipment. Over four-fifths of the automatic machines wesnt to
plants in the densely populated and highly competitive area
copstituting the States of New York, Mew Jersey, Penasylvania,
Connecticut, and Massachusetts, whereas only one-fifth of the
nonauntomatic machines were sold to planmts iz these States,
Almost four-fifths of the largest automatic machines and over
onre~half of the medimm-sized automatic machines were sold to
New York plants, but less than one-fifth of the smallest
automatic machines were sold to New York plants.

The failure of sales of this machine to recover by 1936
cannot be taken as an indication of market saturatioa; for it
is certain that there are several hundred plants which could
radically improve their efficiency by the replacement of
soft-mud machines by an automatic machise. The growing demand
in recent years for sapd-faced colonial brick which can only
be produced satisfactorily by the soft-mud process is an
additional incentive to the purchase of the automatic machine.
It is reported that a number of plants formerly operating
with the stiff-mud process have recently purchased automatic
soft-mud machines.27 However, it would seem that a more
substantial recovery of the brick imdustry is a prerequisite
for a further rapid extension im use of this machine.

The automatic brick machine came at an opportune time for
the soft-mud brick manufacturers, since the inefficiency
¢f the clder nonantomatic machines in comparison with the
stift-pud process had placed a severe handicap on soft-mud
plants operating in competitive ‘areas. Thus, machine-house

281%4 93 mechines sold by j9e6 wers Installed ln 75 plants.

27Letter from the manufascurar, Aug. 18, 1833, In flles of WPA Natlonal Research
Preject, *Studies in Equipment Changea and Industrial Techniques® secLioh.
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man-hours per thousand brick were 19,7 percent higher in
soft-mud plants than in stiff-mud plants in 1922 according to
the survey of the Bureau of Labor Statistics, aad eover-all
unit man-hour requirements were 38.2 perceat higher. The
NRP-NBER 1936 brick-plant survey iadicates that the over-all
requirements of the soft-mud plaats were only 4.8 percent
higher and that the two largest soft-mud plants bhad even lower
unit labor requirements than the group of large stiff-mud
plants. This, however, might be due chiefly to the fact that
the larger stiff-mud plants as a whole were operating at a
very small percentage of capacity. At amy rate, it is evident
that the effect of the development of the automatic brick
machine has been to place the soft-mud plants in a much more
favorable competitive position tham they enjoyed at the start
of the igag's.

Sales of the various kinds of machinery to stiff-mud plants,
shown in table A-3 and figure ¢, exhibit “similar patteras,
i. e., the peak iz sales occurs in the middle of the 1g920's.
. An examipation of the percentage of total sales accouated for
by individuxl machines {figure ¢} indicates that in the choice
between individual machines the emphasis after ;925 was on
those machires capable ¢f reducing productiom costs.

The pugmill, which is also used in soft-mud plants, renders
the clay homogenecus by mixing it thoroughly. In the auger
machine the clay is formed by extrusion of a colums from
the rectangular die of the machise. The machine combining
these two operations and thereby making it possible to elim-
inate the functions of the pugmill operator was invroduced
by Chambers as early as 18gz. Some clays, however, required
s more thorough pugging, znd it was not always possible or
desirable te substitute a combined machine for separate pugmill
and auger machines. The improvements which were made during the
1920's in the combined machine wideaed the possible field of
application. As a result, the ratio of the sales of combined
brick machines to sales of augers incressed during the 1g920's
{table A-4}. During the years i1¢20-22, 70-6 perceast of the
1otal sales of these two machines were accounted for by com—
bined machines. In the period 1926-28 this percentage rose
to 7¢.3; in i1gag-31 it contisued its rise to 86.g. The rise
in the proportion of sales accounted for by combined machiaes
was interrupted, however, during the period 1933-25. This
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period was ome of rapid expanssion in the production of brick
which stimulated the return to production of many of the
marginal plants which kad ceased operating duriasg the declime
in production of the war years.

In the rebabilitation ot
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Figure 10.- PERCENTAGE DISTRIBUTION OF VALUE OF SALES OF
SELEBCTED TYPES OF EQUIPMENT TO STIFF-MUD
BRICK PLANTS, 1sgo-i¢
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these plants it seems likely that replacements were held to a
minimum, and there may have been some reluctance to discard
botk the pugmill and the auger machine in favor of a combined
machine if either of the former was in working order.

The greatest advance in stiff-mud machine-house techmique
during the years 19a0-36 was the introduction of deairing
machines iz 193z, This equipmeat was devised to reduce the
high percentage of loss in the manufacture of brick caused
priscipally by lamimations in the brick due to yneven ex-
trusion. It consists of the usual combined machine or auger
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Fate—-Root-Herth Co.

FIGURE 11.— PUGMILL, AUGER, AND CUTTER

The combined pugmill and auger is shown extruding the clay after it has
been thoroughly pugged, The continuous column is then cut to proper length
by a rotary cutter, and the lengths of hollow building tile are stacked
onto drier cars.

with, immediately ahead of the die, a vacuum chamber which re-
moves air occluded in the clay. The effect of this deaeration
is to render the clay more homogeneous and workable, thereby
resulting in a stronger and denser brick. Another effect
is the reduction of blistering due to the expansion of the
occluded air in the burning process. One set of experiments,
showed that the increase in the crushing strength after de-
airing was 31.8 percent for face brick and 21.4 percent for
common brick.28®

The reports from concerns that replaced old combined machines
and augers with deairing machines or added deairing attachments
to the old machines were by no means uniform since considerable
experimentation was frequently necessary before deairing could
be properly applied to certain clays. Nearly all plaats,
however, reported significant increases in the percentage of
marketable brick. A large number of plants were also able to
produce a stronger, demser, more uniform, and generally'higher

2Bspe-airing of Clayware,® Brich and Clay Record, Vol. 86, No. 1 {Jan. 1636), 12-6.
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guality brick. A number of other plasts found that they were
able to employ raw materials which conld not be worked by
ordinary machines, and others stated that less pugging was
required.2? The several advantages of deairing meant, among
other things, increased labor productivity since more usits of
marketable brick are produced with the same labor requirements.

The imcrease in the sales of deairiﬁg eguipment was extremely
rapid after the introduction of the eguipment in 1932 {table
A-4 and figure 9}, The NRP machinery-mamufacturers survey
shows that sales for 1933 were more thaz two and one-half times
those for 1932, that after declinisg im 1934, sales increased
in i935 to & value pearly three times that im 1933, and that in
1936 they increased by an additiomral 1¢ percesnt,

This increase was in large part due to the industry's partial
recovery, which coincided with the period of introduction
of deairing equipment. The increase in the sales of this
eguipment after 132, however, was muchk more rapid thanp that
of other items,

The magaitude of the sales of deairing equipment is in-
dicative of the fact that substantial savings were possible
by its use and that brick manufacturers were amxious 1o take
advantage of these savings. The extent to which the industry
is adopting this machipery is indicated by the fact that 11 of
the 43 plants covered im the NRP-NBER 1936 brick-plant survey
had installed deairing equipment since 1932,

The relative importance of the sales of brick-forming me-
chines and accessories for the stiff-mud process has increased
almost steadily throughout the period 1920-36 {(table A—s and
figure 121,

This rise in the percentage of the total sales accounted for
by stiff{-mud eguipment was due to the decline of the sales
of soft-mud machinery rather than to the rise in the sales
of stiff-mud machinery. The substantial sales of sof t-mud
machinery during the first half of the 1320's are & result
¢f a campaign of modernizatioa of soft-mad plants by the
purchase of automatic brick machinery. Those brick plants

%9pe reduction In the gmount of necessary pugging ls indicated by the fact that
the typical deairing wachine is & comdined machine, which usually meanhs that a
smeller pugging chamber is emplaoyed than in cases where a separate pugslll 15 used.
Indeed, there has actiumlly Desn some SI1rficulty in adding deatring attachments to
sugers when precedad By & leng pugmill since the clay was overpugged. oOme plant
was able Ty substitute am B-Ioot Tor & ZEB-fool pugzing chamber with g corresponding
rediction in horsepower requirements Irom 276 to 125 [4did., D. i8).
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Figure 13.- IXDEIRS OF VALUE OF SALES COF STIFF-MUD
AND BOFT-MUD EQUIPMENT, 1921-3¢
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installing automatic soft-mud machines succeeded im achieving a
substantial reduction in their man-hour regquirements. When
they also operated oz a highly mechanized basis im other
departments, they achieved a level of labor productivity
comparable to that of the most advanced stiff-mud plasts,
However, the soft-mud plants operatisg without the automatic
equipment represented a generally older amd less efficient
section of the industry than that sectiom comprisisg most of
the stiff-mud plants and the soft-mud plants eguipped with
aytomatic machines, Most of those soft-mud plants which did
not streagthen their competitive positiom by the purchase of
automatic machiner§ during the period of rising production in
the early 19ao's were apparently in no position to do so during
the pericd of restricted demand in the 193¢'s since this step
required a sizeable investment., Therefore sales of soft-mud
machinery declined particularly sharply after 1928 apd failed

to recover after 1933,
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Cn the other hand, a comtinuous process of development in
the relatively less expepsive stifif-mud machinery encounraged
modernizatior without producimng a sharp rise im eguipment
sales. The development of deairing eguipment im 1932 stim—
vlated stiff-mud machinery sales at a time when the demand
for soft-med machipery was particalarly weak.

4 comparison of the sales of mew machinery with the sales of
repairs®® (table A-6) throws additional light on the character
of the mechanization in each of these periods., In the years
from 1920 t0 1925 brick production was increasing rapidly, and
a large number of plarts which had ceased operatios during
the wartime depression ism brick productior were forced to make
repairs on other machinery in order to be able to operate
at all, The effect of rather extensive rehabilitation is
indicated by the fact that repair sales exceeded new-machinery
sales for 1922-24. The period of stable production from 1026
to 1929 was marked by a high level of new-machinery sales
which is probably indicative ¢f an increased effort to achieve
. a favorable competitive positica by the utilization of the
cost-reducing features of new machines, It appears that from
1932 10 1936 the recovery of brick markets was not strong
enough to call forth 2 large volume of rehabilitation work on
idle plants, for during these years mew-mzchinery sales repre-
sented 61 percent of the small total volume of sales.

Besides the more striking changes iz machine~house equipment
in both soft- and stiff-mud plants there have been a number of
refinements in eguipment which have had an important cumulative
effect. Typical of such changes is the application of anti-~
friction ball aund roller bearings which have achieved savisags
in power of 20 to 30 percent and reduction in the quaantity of
lubricant employed of 70 to 80 percent.3!

Better steels, direct-connected motors, housings made of cast
steel rather tham cast iron, double shafts in pugmills and
augers, and multistream dies are characteristic improvemesnts
in brick machinery in recent years. The objectives of these
changes have been, uniformly, to reduce lubricatioam, power,
and eguipment costs.

Eo&emu‘s Include sales of repair parts and charges for redvuildisg.

31 u. minedinst, ®Anti-Fricticning of Heavy Duty Clay Machinery,* Brick and Ciay
Record, ¥ol. 76, No. & {aer. 11, 1830}, 307-1G.
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With the building of sturdier machines, with less
wearing parts, better lubrication, use of bearings in
conguming less power, the modern machine is achieving
"its purpose ia helping to cui down ihe manufacturer's
operating costs. 38

DRYING

The green brick as it comes from the molding process comtains
& considerable quantity of moisture that must be removed before
it can be set in the kiln., Soft-mud brick, in particalar, is
so plastic when it comes from the molds that it canpot be
handled until after it is dried.

The use of artificial driers instead of open-air methods
was introduced before 1920, but the eliminatica of opem-air
drying was made virtually complete in the period 1920—36. The
widespread use of artificial drying had an effect on three
aspects of production: the amount of labor associated with
handling and transportisg from the brick-molding machine to the
drier and from the drier to the kilam, the gemeration of the
heat required ia the drier, aasd the coatrol necessary for
efficient use of the heat.

Artifieizl Drryiag

Traditiorally, drying was accomplished by placing the brick
os the ground in the open air or ia sheds with roofs that were
constrected in sectioms s¢ that they could be either lifted
to let in sun and air or closed to shut out rain. Im the
nineteenth century artificial drying was introduced iz an
effort to decrease the time of drying and kence to decrease
inventories and the necessary drying area. QOaly 24 to g8 hours
were required for artificial drying in 193633 compared with
v 10 10 days needed by the opem-air method.34

By 19ac the majority of plants were using artificial drying.
In the survey made by the Bureau of Labor Statistics in 1922
only s of the 45 stiff-mud plants dried the brick in the open
air; of the 38 soft-mud plaants, ocaly ¢ used matural drying, but
a employed steam in addition to the open-air method. Of the 53

plants which reported oa equipment changes im the NRP-MBER
. E
32uatter £lay Machinery Is Making Old Types Obsolete,s joc. cit. -
S3zrom NRP-HBER 1036 Drick-plant survey, _
S4gtrk, op. cit.. p. 66 . .
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brick-plant survey, 2z stiff-mud plarts aad 1 soft-mud plant
showed a shift from open-air to artificial drying. In one, the
labor required in the dryisg department was reduced from four
men 1o one. {f the 28 plants for whick flow charts were made
ies this survey, nome employed opem-air drying.

Handliag iz tke Dryiang Procass

The first operation in the typical system employed ia stiff-
mud plants is the hacking ¢f the brick from the brick machinme
onto the drier cars. The c¢ars, which run on rails, are then
taken by a transfer car to the appropriate track leading into
ose of a series of tunmels that make up the drier. The cars
are pushed into the tunnel, left until the drying is completed,
and then transferred to a point near the kila preparatory to
setting. This system, which is employed at all the stiff-mud
plants and at two of the six soft-mud plants surveyed in 1936,
involves considerable labor ia the initial loading of the drier
cars. There are no indications of any widely adopted changes
- tending to reduce the labor of hacking brick from the machine
to the cars in stiff-mud plasts.

The principal advance in recent years has been the intro-
duction of power-driven transfer cars, usually electric, which
markedly reduce the time and effort required to carry the cars
from the machine house to the drier track and then from the
drier track to the kila. Electric tramsfer cars were in use
between the machine house and drier at 4 of the 27 plants
covered in the 1436 survey and between the drier and the kiln
at 10 of these plants,

At the soft-mud plants bricks leave the machkine in a state
too soft for individual handling. They are therefore dis-
charged from the mold onto pallets whichk hold several bricks.
These pallets are then either stacked on drier cars or carried
directly to the drier by conveyor. Ia those plaasts ia which
the pallets are stacked on drier cars, trassportatiom 1o the
drier and from the drier to the kila is accomplished in the
same way as in stiff-mud plamts. In these plants a significant
reduction iz labor has been accomplished by the introductiosn of
electric trassfer cars.

A system used in comjumction with the AutoBrik machine
sharply reduces the handling labor by mechanizing the car-
stacking operation so that the grees brick are stacked oanto
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cars automatically as soon as they come from the forming
machine. This system appears to have found only limited
application. Apparently, a larger number of soft-mud plants
employ the system in which the pallets are carried by conveyor
directly from the brick machine to the drier and thed are
stacked by hand on steam-pipe racks. After the drying is
completed, the brick must then be transferred to cars for
transportation to the kiln. This method is in use at four of
the six soft-mnd plants covered in the 1936 survey.

Fuel Economy

In stiff-mud plants the major emphasis during the years
1920-36 has been on fuel economy rather than on reduction
in labor requirements. The most popular method for effecting
this economy is the utilization of the waste heat from other
departments, particularly the kiln. In the cooling of the kiln
and its load of brick large guantities of heat have to be
thrown off. By running tunnels from the kiln to the drier and

A o iy R e S . 2 i

WPA- National Research Project (Hinme)

FIGURE 13.— DRYING IR A SOFT-MUD FiaNT

The pallets of brick are taken into the drier shed oy cable conveydr.
They are then placed in position on the steam-pipe racks by handa‘-.-(‘:are
being taken not to touch the soft green brick. When sufficiently dried,
they are taken to the kiln,
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drawing off the hot air from the coolisg brick it was found
possible to accomplish the drying with a greatly reduced
expenditure of fuel or without any fuel.

This system was first introduced almost simultaneously with
artificial drying, but it was by no means general in i920.
Of the 4o stiff-mud plants surveyed by the Bureau of Labor
Statistics in 1922 which employed artificial dryimg, only
15 employed waste heat for the supply of all or part of the
thermal requirements of the drier. Of these 15, 7 supplemented
the waste heat by steam and 1 by direct heat. None of the
soft-mud plants used waste heat.

The shift to the use of waste heat was ia full swing during
the early 19z20's and continued unabated thereafter. The change
from direct or steam heat to waste heat was reported most
frequently after 1929 when difficult operatisg coamditions put
a premium om all possible economies. In 1936 the use of
waste-heat drying in stiff-mud plants appeared t¢ have gained
considerably in popularity, as indicated by the fact that it
- was employed in 17 of the 22 plants reporting in the NRP-NBER
brick-plant survey on the type of heat employed. The average
time required in drying was 42 hours at these 17 plasts,
varying from as low as 24 to as high as 60 hours. Sixteesm of
the plants using waste heat obtained it from the cooling kilns,
and one used waste steam from the power plant. Three of the
plants employing generated heat used steam, but the otker two
used direct heat from fires uader the driers.

In the soft-mud plants the advance im drier technology
appears to have been limited to the shift from the opem—air to
the artificial method.  Steam is the most desirable form of
heat for these plants since the steam pipes can bde formed into
coavenient racks for the pallets of green brick. Of the
26 surveyed by the Burear of Labor Statistics in 1922, the
17 soft-mud plants which employed artificial dryisg used
generated steam as the source of heat. The six soft-mud plants
which were covered in the NRP-NBER survey of 1936 all employed
artificial drying and generated steam as the source of heat.
The average time required by these six soft-mud plants for
drying was 23 hours as compared with ya hours for the stiff-med
plants employing waste heat.



44 MECHANIZATION IN THE BRICK IKDUSTRY

Auziiiazry Equipment

Besides these major changes in the techmology of drying some
effort was made to increase efficiency by the introduction of
auxiliary equipment such as fans and temperature and humidity
recorders apd controllers. Induced-draft fans serve to in-
crease the efficiency of drying by circulating the air in the
drier. Sixty-five percent of the stiff-mud plants in the
survey of 19356 used induced-draft fams, a good many of which
had been introduced since 1920. None of the soft-mud plasts
were 50 equipped. The use of imstruments in the drier was much
mere limited, (QOnly 3 of the 22 stiff-mud plants reporting
on this equipment in the 1936 survey employed ary form of
ipstrument in the drier. One of these three instrumesnis was a
temperature recorder, apother a temperature aad humidity
recorder, and the third an automatic temperature and humidity
recorder and controller. (f the six soft-mud plants surveyed
in 1936, none employed instruments. This type of equipment
seens to offer aan opportunity for considerable savings aad
improvemest in quality with a very small investment.

BURNING

In many ways the buraing departmesnt is the most important
one in the brick plant. The quality of the final product
is largely determinmed by the skill with which this process
is carried out, for it is inm the kiln that the formed clay is
burzsed into hardened brick. The fuel consumptios is enormous
in relation to the value of the product since from 3 to 1%
pounds of coal are used per brick produced.®® 1Inm 1935 the
manulacturers of clay products comprised the third largest
industrial coasumer of coal.®® Llabor costs are also very
high, for in the great majority of plamts every brick is
handled individually in the setting operation, and the BLS 1923
brick-plant survey found that one-quarter of the total labor
of the brick plant was expended in the burning department.3”
In addition, the process requires 5 to 10 days.3®
384 1ymense Baving with Continusus System of Burning.® Brichk and Ciay Record,

Vol. 68, ¥o. 4 (Fad. 10, 1820}, 32B-6.
“cmr Progucts Cyclopedin and Eguipment Catelog, p. B4d.
7Includes sstting ladar,

aeﬂl‘l‘, op. cit., p. b8,
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The major objectives of technological effort in the burning
department are economy in the use of fuel, reduction in the
tremendoss amount of labor imvolved, speeding up the process
in an effort to attain a faster turn-over, and achieving these
ends without a sacrifice in the gquality of the brick. The
attainment of these objectives during the pericd 1920-36 took
the forms of the substitution of fundamentally differeat types
of kilss for those in use and, more important, the addition of
auxiliary equipment tc, and modifications of, existing kilms.

Typer of Kilx

During the early 1920's the great majority of plants employed
fec:angﬁlar kilas. Capacities rasge from 335,000 10 1,000,000
bricks, and the most usual size is from 400,000 t0 600,000.3°
Most rectangular kilms are permanent struciures, but at many
plaats, notably in the Chicago area, temporary or scove kilms
are in use. Temporary brick walls for the permanent shed of
the scove kiln must be erected for ecach imdividual burning
after the bricks are set.

The round or beehive kiln was also in use in many plasnts
at the beginning of the 1920's. It is relatively small with
a maximum capacity of only 50,000 bricks*® as compared with
1,000,000 for the rectamspular type. In general, bechive kilms
employ dowandrafts and show a somewhat higher efficiency iz
the utilization of fuel tham do the rectangular kilss. One
advantage of the permanent beehive kiln over the rectangular
scove kiln is that it does not require the labor necessary to
set the kils walls. This advantage is offset in most cases,
however, by the fact that the cars can be run only toc the
parrow entrance of the beehive kilm, whereas in the rectangular
type the loaded drier cars can usually be run into the kilm
adjacent to the point of setting. Furthermore, the firebozes
are less centralized in the separate beehive kilns thas in
the rectangular kilns, and s9 the labor required for firing
is greater,

In both types the fuel efficiemcy is low, and labor costs are
quite high, affording abundant opportunities for improvement.

“ﬁu. s b. BB
Oria.
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Ordinarily, with separate rectangular or beehive kilas, oper-
ation is intermittent. Im each unmit the brick are set and
the fires started. The burning them proceeds in three major
steps: first, water-smoking, ism which a moderate temperature
is vsed to drive out whatever moisture has been left in-the
brick from the drying process; second, the actmal burning at a
kigh temperature, iz which chemical and physical chaages im the
clay of the brick bind the whole mass together; and third, the
cooling, in which the fire is stopped and the heat remaining
in the brick and ia the kiln walls is allowed to dissipate.

There are three major sources of inefficieacy in this proc-
ess. First, fyel is required to heat the kils in the water-
smoking stage and to bring the kils up to burning temperature.
Second, daring the buraning the flue gases in the combustion
chamber are ordiparily allowed to escape from the kile without
further ntilization. Third, the large amount of heat left
in the bricks and in the kilm walls at the end of burning
is permitted 1o escape.

Strikinsg economies have been effected by the application
of a2 continuons system of burning whereby the flue gases

Figure 14,- CORTIXUOUS RYSTEM OF RECTANGULAR XILX3
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Adapted From Clay Products Cyclopedia ¥PA~ Mations! Research Project
and :quipncn: Cotalog, 1928 4., %22
p. 152

The continuous rectangular kiln is divided into a number of chambers. In
only one chamber, number &, are the fires aciuail; Iighted to maintain the
final or durning tempersture. Tne draft of air for the firing chamber is
drawn through chambers 5, %, 3, and 2, which contain burned brick in
various stages of cocling, So that the cold air is preheated before reach—
ing the combustion chamber. from the Tiring chasber the hot gases are
drawn through chanbers 7, 8, and 9 in order to preheat the thoroughly dried
but unburned brick already set In those thambers. Chamber 10, used for
water-smoking the freshly set brick, draws hot sir only from the last two
togling champers, since gas from the comdbustion chember contains chemicals
which would produce & SCum oh undried Drick, 1n Chamber it the green arick
are baing 2et, and in cChamber 1 the completely cooled, finished brick are
belng untoaded. After the burning is completed in chamber 6, 1he same
grecedufﬁ is followed Dut shifted to the next champers ia rotation, the

ire being tighted in 7, the water~smoking going on in 11, the green Brick
being set in &, and the finished Orick being unloaded from 2. Thus, all of
the operations involved in the burning of brick are carried on continuously
in this type of kiln.
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Figure 15.- CONTINUOUS MINTER SYSTEM OF BEERIVE KILNS

igapted from Qlay Products Oyclopedis #PAi~ National Ressarch Preject
end Equipmant Catalog, 1928 4., H-23
ps 208

The operation of the beehive kxilns connected in the Mianter System is
analogous to that of the contlnuous rectangular kiln descriced in the
preceding diagram, except that the connection setween chambers in varipus
stages is made by meens of tunnels. Heat from the cooling kiln is used for
Both preheating and water-smoking, and the hot flue gases from the buraing
ulln are drawn intoc the preneating kiln,

are used ia prehbeatiog unburned brick and the heat of the
coocling bricks is used to prebeat the air of combustion aad
to water-smoke the greem brick.

The continuous system of burning is applied to rectanpular
kilas by dividing them into chambers by means of temporary
walls with the brick ir each chamber in a diffsrent stage
of the burning process., The operation of the continuous
rectangular kils is illustrated im figure 14, This contin-
uous burning system is also applied to a group of beehive kilms
by conmecting them with a system of tunnels. The operation
of this method, known as the Mister System, is illustrated
in figure 1s.

The Minter System has produced striking increases in the
fuel efficiency of beehive kilas. Beehive kilans operated
intermittently require from 1,000 to 1,300 pounds of coal per
thousand bricks burned,*! whereas the continuocus system employs
about 500.4% It is also possible to achieve a larper output

4l rumenas faving with Contimuous System of Burning.* loc. cif,

o
“'K!ports of five plants using the Minter System give the following coal con-
sumptlon paT thousand Grick produced: 5B19 {ibid.), £20, B1e, 548, and 400 pounds
{*Iacreasing Kiln Valume Witheut Hore Klims,® Srich and Clay Xecord, Vol. 1,
}iis. £ jJuly B5. 18B2]. 108~5}. The average consumption for these five plants
8 491 pounda.
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with the same number of kilns, since the brick are preheated
and the time of buraing is therefore reduced. Ozme brick plant
found that ¢ conpected kilms ccould burn the amonnt of brick
that required 16 kilns operating on the periodic system.$3

According to the designers the Minter System was adopted
very rapidly, and the tomnage of clay products burned in Minter
kilas doubled each year between 1919 and 1923.%4* The continp-
ous system of burning, althovgh markedly reducing fuel costs,
achieves only slight reductions in labor requirements, and
there is no indication that continuous kilns have seriously
threatened the predominance of intermittently operated rec-
tangular or beehive kilas.

The tumnel kiln not omly reduces the labor secessary but alsc
offers a high degree of fuel efficiency, and for a time ap-
peared to be making considerable headway in the industry. In
this type of kila cars are slowly pushed oa rails thrcugh a
tunsel-shaped kiln. The firing of the kiln is always carried
out at one central poist, sc that there is no heat loss through
the alterpate heating and cooling of individueal kilms or
chambers as there is im all other types of contiauocus or
intermittent kilss. Full Bse is made of the heat of cooling
brick and of escaping combustion gases in preheating the air of
combustion and the greem brick. Thus the same measure of fuel
efficiency is achieved as in the case ¢f continuons kilss.
The percentages of fuel savings when tunmel kilns were sub-
stituted for less advanced buraning equipmeat are shown for
the following five plants manufacturing the specified kiunds
of heavy clay products:4®

Pace brick 45.7
Roofing tile 80
Roofing tile 63.75
Face and fire brick 0
Common brick and tile 75

Substantial labor savings are also possible with this type
of kiln since the setting of the brick oa kiln cars from drier
cars is carried on outside the kila uander the most favorable
working conditions in terms of both productivity aad the health
of the workers involved. The designers c¢laim a labor saviag

4341ncreeaing Kiln Volume Without More Ellns,® Ioc. cét.
1oy Preducts Cyclopedis and Zouipeent Cotalog. p. 200,
48r3id., p. 185, ;
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of 10 to 20 percent due to this factor,*® and reports from
a plant manufacturing face brick and another producing face
brick and fire brick show labor savimgs of 15 and 4o percest
respectively.4” The centralization of burmers im the tuanel
kiln enables the burmer, the most highly skilled worker in the
brick plant, to maintain closer costrol over the firing.

A preater percentage of first-guality brick can also be
attributed to certain types of tnnael kilpn because of the
better firiag control. One plant manufacturing face and
fire brick reported a2n increase of 1o percent ian the amousnt
of first—quality brick, and another common-brick plant reported
a 3o-percent increase.4®

In spite of these advantages, however, the indicatioss
are that the use of tummel kilns is not rapidly iancreasing.
There is an authentic record of only three tumsel kilms ia
operation in 1915; by 1426 there were more thanm 11z in use,
of which 23 were burping heavy clay products such as brick
and tile.*®? A recent estimate places the number of tunpel
kilns employed in burning only face brick and common brick
at 25 1o 30,%% which indicates that there has been no very
rapid extension of their use since 1926.

A major factor operating against the more rapid installation
of tunnel kilns ustil about 1935 has been their relatively high
investment cost per unit of capacity, which was about twice
that for other types of kila.®%! In recent years the cost of
construction has beer reduced to between $15,000 and $18,000
for a car tuanel kiln with & capacity of 15,000 bricks each
23 hours, which is approximately the same as the cost of
periodic kilns capable of an equivaleat output, 52

Alsc, the tonmel kiln achieves a reasonably high efficiency
only whea operated at, or very near, peak capacity. Because
of the sharply restricted demand that has prevailed simce 19a¢,
it has proven impossible in most cases to achieve capacity

48;4ttar, dated August 13, 1838, In flles of WPA National Ressarch Prolect,
"Studles in Equipment Changes and Industrial Technigusst ssction.

%0lay Products Qyclopedis ond Fouiment Colalog, P. 186.
8344,
48r502., 5. 280,

e ftn. 46.
Blolay Products Cyclopedia and Bquipment Cotolog, p. 180.
52300 fon. 4.
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operation with the larger tumnel kilns capable of produciag
50,000 t0 60,000 bricks per day. Since about 1¢35 the manufac-
turers of tunnel kilms have been encouraging the installation
of kilns with about a guarter to a fifth of this capacity;
this enables the brick manufacturer to secure the efficiercy of
the tunnel kiln with the flexibility of a battery of periodic
kilss.53 Thus an effort has been made to remove the obstacles
to extended use of tunnel kilns, The tumnel kiln, however,
still involves a major investment that brick manufacturers
have been reluctant to undertake usder depressed conditions,

An idea of ithe relative importance of these types of kilns
can be gained from the results of the NRP-NBER 1936 brick-plant
survey. Of 30 plants, 15 used beehive kilas, 10 used scove
kilns, 5 used rectangular kilss, and 1 used a continupous-
chamber kiln., It is interesting to note that five of the
plants employing beehive kilms had adopted these kilas during
the years 1gas5-35, four of them after 1928. 1In a2ll these
plants the beehive kilsns had replaced rectangular Dutch ovens
and is one case had replaced kilns equipped with setting
machines.

It seems extremely likely that these data reflect a gegeral
tread toward the increased use of beehive kilns. This return
to favor seems entirely reasonable im view of the restricted
demand for brick which has prevailed during recent years.
The large capacity of the rectangular kilms under these con-
ditions is likely to be more of a handicap than a virtme, and
the flexibility of production possible with the small-capacity
beehive kile is particularly desirable uzder these circum-
stances. The necessity of cperating both continuoes kilns
and the large tumbel kilns installed during the 1930's at
nearly maximum capacity tc achieve efficiency has probably
served to discourage extension of their use.. The replacement
of older kilns by newer and more efficlient opes generally
involves s major iavestment, and the depressed condition of
the industry has no doubt slowed down the improvement of
burning methods through adoption of new basic equipment.
The same consideration need pot affect so seriously the ap~
plication of the Minter System.of continuous gperation to
existing beehive kilms.

ESRB‘
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Azxilisry Bouipmenxt

The setting and naloading crames of the mechanical settisng
system used at plants im the Chicago area and at a number of
the larger eastern soft-mud plasts are the most important
labor-saving devices employed in the burring department.
Cranes constitute an integral part of the scove kilmns in which
they are installed. Ia this system, the brick are lifted in
carloads from the drier cars by the setting machine and set
in place in the kiln without apy hand labor. Unloading is
similarly accomplished by machire. Since a tremendous amount
ot labor is otherwise involved in settisg and unloading brick,
varticularly in the large scove kilss which prevail in the
Chicago afea, major reductions in labor requiremeats were
achieved by the application of setting and unloadiag machines.
One plant found that 13 Men were capable of doimg the work
formerly reguiring 30 men.5% In three plants studied in the
NRP-NBER 1936 brick-plant sarvey, each of which bad installed
two crages, labor was reduced by more than one-half, in ene
case cutting the number of men required from 24 to 11, in
anotiher from 24 to 10, and in the third from 18 to 7. The
manufacturers of the machine claimed that the services of 20 to
25 men could be eliminated by the addition of one of these
machines in plants of average size.®®

The bulk of these machines were installed in the Chicago
area. Over two-thirds of the machines at Chicago plants were
installed in 1910, the year of their introduction, and no
further installations of this equipment were made in the
Chicago area until 19a25. This illustrates the way in which
the drop ie brick production affected the mechanization of
the ipdustry, for the further extension in the use of these
machines after the initial wave of introduction had 1o wait
until arother period of peak production in the middle of the
19a0's. The remainder of the installations in the Chicago area
were made in the years loab-ag, after which there were no
further installations of this equipment in the period surveyed.

The machines were iastalled primcipally in the plants of
the largest companies operating im the Chicago area, under
4 licensing agreemesat whereby the eguipment manufacturer

5‘8. B. Miller, *What Fou Csa See in Chicago Plants,® Srichk ond Clsy Record,
¥ol. 70, No. 3 {fd. 1, 1027}, I86-G1.

8501ay Praducts Oyclopedia and Fquifment Catolog, p. 191.
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FIGURE 16.— SETTING BRICK IK A RECTANGULAR KILRK'

Brick are usually hand-set by men working in pairs. The tosser takes
the brick from the car and tosses them to the setter, who leaves air spaces
between the brick as he sets them.

set quotas faor the productiorn of each plant installing this
equipment. The two largest brick companies in the Chicago area
employed over two-thirds of the total number imstalled between
1910 and 1936, and in 1936 their quotas allowed them the right
to produce 84.2 percent of the bricks manufactured by all
licensed companies. By the 1930's such companies produced
90 percent of the brick sold in the Chicago area.5®

An important factor influencing the extent of use of the
various types of kiln has been the introduction of auxiliary
equipment which tends to improve the efficiency of periodic
rectangular and beehive kilns. The low levels of productior
which have restricted the installation of such major umits
as kilns have not been s¢ important a coasideration in the
application of auxiliary equipment.

Fans have been important pieces of auxiliary equipmeni
employed in kilns. Used to produce a forced draft, they have

“hacral frade Regulation Service, "Court Decisions Supplement, 1032-1937" (7l
ed.; Chicago: Commerce Clearing House, Inc., 1832-38), para. 7038, pp. 5124-30.
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reduced the burning time by as much as 3 days®7 and hdve
increased the average daily output of kilns 20 percest in oane
instance®® and 47.1 in another.5% An example of the results of
the application of forced draft to kilns is the following case
of a plant so equipped im 1931.%° The first aumber following
each item is for mataral draft; the second, for forced draft:

Burning time {hours) 180 i24
Coal per thousand bdricks (1bs.) 2.200 1,800
Perceniage of ware shipped 94.5 88.5

Portable fans have likewise had am important effect in
speeding up kila turas-over by reducing the time reguired
for cooling. The time of coolimg was reduced by from 24 to
48 hours through the use of fans in a number of imstances.®!
Installations of forced-draft fan equipment were among the most
freguently reported equipment changes in the KRP-NBER 1936
brick-plant survey.

Another type of auxiliary burning equipment iptroduced
during this period was the pyrometer that aided the operater
in the contrel of kiln temperature, An investment of a few
" hundred dollars for a pyrometer by one concers gave a fuel
saving of $200 per monmth in additiomn 10 a s-percent iacrease
in the amount of first-quality product.%2 OQOther instances
of pyrometer purchases have shown reductions of from 14 to
15 percent in the amount of umsalable brick.®® Although the
use of such imstruments was practically unkoown in 1g20 in the
brick industry, one-third of the plants covered in the NRP-NBER
1936 survey were equipped with pyrometers, 7o perceat of which
were of the recording variety.

Another important type of change has been the application
of insulating materials to kilms to reduce the radiation
losses. Reports from 235 plamts indicate that fuel savings of

57pean W. Taylor. *$10,000 Well Spent Saves Many Thousands Yearly.® Brick and Clay
Racord, V¥ol. 85, No. 1 {July 8, 18924}, 31-G.

SFans and Fan Practice in Clay Industry,® 2rick and Clay Record, Vol. 75, Mo. 5
fAug. £7, 1920}, ET78-B8.

ss*uhen Foreed Draft Is Used,® Brick and Clay Record, Yol. 67, Mo, & {Sept. 15,
1825), 4o08-9.

%0us MNew #ay to Use Fan Drafi,® Brich and Ciaoy Record, ¥ol. 78, No. 5 {Mar. 19,
1931}, 278, 284.

si‘!‘nns and Fan Practice In Clay Indusiry,® lpc. c¢if.; *A Romance 1n Industry,»
Brick and {lay Fecord, Vol. 82, No. 1i (May 28, 1623}, 838 If.: *100,000.000 Face
Brick Annually,® Brick sad Clay Fecord, Vol. 83, No. 4 [dug. 21, 1823), 253-7.

S2.controller with Anticipatory Featurses,® Srich and Clay Fecord. Vol. 77, No. 14
{bec. 30, 1830), 806, B808.

R 1838 brick-plant survey.
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from 15 to 25 percent were accomplished by insulation of walls
and crowns of kilms, and 20 to 15 percent by insulation of
crowns only.%4 '

Trre of Fasl Used

The nature of combustion equipment, an important type of
auxiliary eguipment, depends, of course, uposz the type of
fuel employed. It is therefore of interest to examine the
relative importance of the several types of fuel, which are
presented in table 9, There are no indications of any marked

Table $.- DISTRIBUTION OF BRICK AND TILE FLANTS, BY TYFE
OF PUEL USED AND PRODUCT, 1:#242

Percentage distribution of plants
Approximate by type of fuel used
Product nunber of
plants Natural | Producer | paa; oil
gas gas
Common brick 1,400 -3 5 72 ig
Drain tile 450 1 o 88 8
Hollow tile 425 2 4] 83 5
Face brick 400 L) 5 87 3
Fire brick . 250 & 1 82 2
Paving brick a0 5 3 82 L+
Sewer pipe 101 2 o o7 1

2)dspted from *Fuel In the Clay Induatry,® Brick aad Cicy Record, ¥ol. 70, No. 7
{(Mar. 29, 1827). 536. The article does Rotl speclfy the year o which the data
refer. On the basis of the date of publication, the year ¢ wWhich the data refer
1s assumed Lo be 1528. ’

shift since 1926%% in the types of fuel employed, and it
therefore appears that oil is important as a fuel only in
common-brick plants., Its importance is understated in table g,
for its use is predominantly in the larger plants, which
accenat for a proportionately greater share of the total
production. "Practically all cammon brick is Califoraia,
Detroit, Chicago and Cleveland are burmed with 0il and the
bulk of the Hudson River kilas are oil fired. . . . . about
ote-half of all of the country's common brick production is
burned with oil,"%¢

847 H, Rruson, *mnsulsted Kiln Saves 17% In Fuel,* Brick and Clay Record, Vol. 63,
No. 1 (July 10, 1023}, B2-8.

85g0s table §, ftn. &.

8%upue1 1n the Clay Industiry.® Brick and Clay Record., ¥ol. 7Q. No. 7 {Mar. 29,
1987}, B4G.
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The use of o0il is one phase of the technological advantage of
the larger plants, This advantage lies principally in the
lower labor requirements associated with the buraing of oil,
which is estimated to produce a saving in firing labor in some
instances of as much as 50 to 75 perceat.®? Furthermore, oil
burning is more easily controlled and, therefore, produces a
bigher percentage of first-quality brick., One plant obtaimed
g7 percent first-gquality brick whers burning with oil and oanly
75 percent when burning with c021.%® Oil bursing also reguires
less time than coal burning and in one instance the time
was reduced from 10 days to 7,%% in another imstance from
150 hours to 103,70 and in yet asother from 8 days to 4.71
Thus, although direct fuel costs are freqgueatly higher with
0il, burning costs including labor costs are generally lower.

Consideranle reductions ia labor costs and improvements
in buraing have been accomplished by thke shift from steanm
atomization of oil to a system operated by compressed air.
This shift has taken place very generally among the oil-
burning planmts. At one plant the cost of oil atomization
was reduced by 237 percent as a result of this change, and
three-guarters of this reducticn was due to the elimination
of the labor necessary to tend the boilers of the steam-
atomization system.?®

Although gas offers all the labor-saving, gquality-improving,
and time-cutting advantages of oil, it bas found less extenmsive
sse in the most important sector of the industry, that which
manufactures commos brick. Labor reductions of 50 perceat
due to its use are sot vacommoz.’® However, since gas is
especially susceptible to careful control in the burning proc-
ess, it has found much wider use thas oil in the manufacture
of special types of brick such as face, fire, and paviag brick.

mﬂa Products Cyclopedia and Fquipment Caislog, p. BB: transcript of hearing on
Appeal from Order No. 1E3-13, Feb, 14, 1835, Structural Clay Products Industry,
Industrial Appeals Board of NIRA, letter Irom Alfred J. Enco, Exeler, M. ¥,
Feb, 1., 1033, pp. 4-1l.

S84arry T. Hormell, ®How We Burn Face Brick with §il,* Brick and Clay Record,
Yol 61, MNo. 10 (M0V. 4. 1922}, 712-4.

89 roid.

704011 purning the Country Over,® Brick and Clay Zecord, Vol. €3, No 1 {July &,
1688}, X~3, 48, 48, 50, B2,

7irsid.
78:gatter Brick $100 Per Kiln Chesaper. " 3rich and Clay Fecord. Vol. 71, Ko. &
{Aug. 3D, 1927). B0-2. .

ﬂ*-cir.x Gas Succeasfully Burning Brick,® Brick gnd (lay Fecord. Vol. 70, ¥o. 4
{Feb. 1B. 1827). 202-3% ‘'Burning Brick with City Gas.® Brick and Clay Record.
Vol. 65, ¥o. 6 {aug. 5, 1924). 187-8.
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The relatively slight use of gas im common-brick plants is
ascribable principally to the wide variations in the price of
gas in different localities.

In recent years there has been some returse to the use of coal
as the result of the application of auvtomatic stokers aad
pulverized-coal burners. Stoker-fired kilms have been reported
10 use 35 to 50 percent less coal amd to increase the kiln
capacity by 35 percent through the eliminatior of bag walls74
in the side of the kilms.?’® Reduction in burnimg time of 15 to
go percent has been accomplished by the nse of stokers.”®
There is no indication to date, however, of a widespread
adoption of stoker firimg in the brick industry.

The use of pulverized coal has been productive of striking
economies in a few plants. One plant found that only 288
pounds were required per thousand brick burned in a tunnel kiln
and that pulverized coal had the same desirable qualities as
oil in regard to control of burning.”? The consumption of
288 pounds per thousand brick compares very favorably with that
of 500 pounds per thousand brick in continuous kilns and
1,000 ta 1,500 pounds in ordimary periodic kilms.?®

UNLOADING OF KILNS AND TRANSPORTATION

Just as the setting of the kile is a time- and labor-conmsuming
operation, so the drawing of the burned brick from the kiln
apd its transportation to storage likewise reguire the services
ol many employees. The system in general use in plants em-
ploying beehive or continuous kilss is to load the brick
into wheelbarrows for transportation tG storage or to the
loading platiorm.

In the more modern plants of the Chicago and Hudson River
areas completely mechamical kiln unloading is employed in
which overhead cranes pick up piles of over 1,000 bricks
and tramsport them directly to storage or to means of trass-
portation. At one yard such & mechasical loading machine

?‘aag walls 8re additional bBrickwork walls ilnside the kiln to prevent direct
contact betweal fire gasesa and the brick to be burned.

78sgeoker Fired Periodic Kilns,® Brich ant Clay Record, Vol. 77, No. 8 (Oct. 21,
1950}, 478, KO8,

78rbid,

'"Frsrm ¥, Hartford, “A Successful Applicaction of Powdered Coal as a Tunrmel Xiln
Fuei Firing HSard Fired Common Brick,® Jownal of the imerican Cevamic Society,
Yol. 8, No. 10 {Ccr. 1926}, @8d-9. -

ve’xmme Baving with Continucus 3ystem of Burning,® loc. cii.
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was found te be capable of loading a 7i-ton truck with 4,500
bricks im 3 to 4 minutes.”% The advaatage of this mechanmical
method over that of hand unloading and wheeliag of the burned
prick is indicated by the fact that at a Hudson River plant
the cost of drawing and loading onto trucks was $1 ger‘thcusand
when periormed by hand as agaiast $0.17 per thousand when
loading by crane.%°

In the Chicago plants temporary scove kilns are employed, arnd
the burned brick are left in the kiln uatil they are shipped.
This is the practice in many of the large soft-mud plants
in the East as well, At other plants employing beehive or
continsous kilns and at which it is the practice to unload
to. storage before shipping, the replacement of hand wheeling
by electric 1ift trucks amd tractors has reduced costs con-
siderably. The introduction of such eguipment resulted ig
the elimination of six men at ose plant®! aud seven hand
wheelers at another.%2

At some plants a new method was introduced im 1935 which
eliminates manual loadiag and unloadieg of delivery trucks.
‘The final product is handled only omce. When the brick are
snloaded from the kilns, they are piled on wooden platiorms
in stacks of 1,000. This load is automatically lifted onto
the truck by a built~in crane. The truck driver operates
the loading and uvnloading process, accomplishing in 3¢ minutes
the work otherwise dome by two hand unloaders in 4 hours.%?

A similar system in use at Hudson River brickyards is the
container method of transporting brick., At the kiln brick
are loaded into containers which hold 3,000 bricks, and are
shipped in this container to New York City, the principal
market for Hudson River brick. There the coatents of the
cqntaiﬁer are mechanically loaded izto a motor truck for
delivery to the job. By such methods the cost associated
with unloading kilns, storing, and tramsportimg brick has

”}uner, op. eéh

*Pallst and Electric Crane S8aves $1.20 Per ¥ oi Unloading Costs,® Srich and Ciay
#scord, Vol. 78, Ho. 12 {Juns &, 1628}, 861i~E.

Slgarold J. Payne, *Would Electric Trucks Help You?r' Srich oad Clay Record,
¥ol. 67, Ho. & {Aug. 18, 10926), 256~9.

B2 epruck System Eliminates Seven Men,® Brick and Clay Fecord, Vol. €5, Wo. 4
éiu& 17, 16026}, £273-8.
R, B

Perg. *Ho Humar Hand Touchee (ur Brick From Ellm o Job,? Brick and fiay
Record, Yol. &7, Ho. 8 {Sept. 1835}, 85-4.



58 MECHANIZATION IN THE BRICK INDUSTRY

WPA - Natlonal Research Project (Hine)

FIGURE 17.~ MECHANICAL TRANSPORTATION

The truck above has a special Ioadin? and unloading mechanism whereby it
handles a truckload of brick as a sin? e unit, The truck grips, picks up,
carries, and unloads the whole load of stacked brick.

been considerably reduced. In 1928 this system was employed
in handling over go percent of the output of 20 Hudson River
brick plants.84

Hand wheeling to storage and hand loading, however, remain
the most general practice. 0f 23 plants reporting methods
of loading in the NRP-NBER 1936 brick-plant survey, 11 used
wheelbarrow transportation to storage, 6 used lift trucks or
tractors and trailers, 2 employed overhead cranes, and 4 loaded
trucks at the kiln for shipment direct to the user. Of the
four plants which loaded trucks at the kiln, one employed a
conveyor from the kiln to the truck and another a belt loader.
In the larger plants, especially those serving the steadier
demand of metropolitan markets, mechanization of the handling
operations has been proceeding at a fairly steady rate.. In
this department of brick manufacture, as in the others, the
different sections of the industry show wide variatioas in
the techniques employed.

a"shlpplng Brick In Contalners 1s a Speedy System, " Brick and Clay Record.
Vol. 74, No. 2 (Jan. 1B, 1929), B5. . -
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POWER

The change in the type of power used to drive machisery in
the brick industry duriag the 19ao's was probably of importance
egual to that of any single change in machinery that occuorred
during that period. The shift from steam to electricity as
the dominant form of power effected savings in the labor of
power gemeration, machine operation, and maintenance. In many
cases the use of electric power was a prerequisite for the
introduction of certain labor-saving machines.

Power data are available in the Census of Nanufactures
for the "Clay products lother thae pottery) and nonclay re-
fractories"™ industry, an industrial category whichk is more
inclusive than the brick apd tile iadustry®® as defined inm this
report. The mackinery and methods employed in the manufacture
of brick and tile, however, are similar to those employed
in the manufacture of other clay producis; data for the more
extensive industrial category are here used for an analysis
of treands ia the type of power employed in the brick and

tile indastry.

The most striking feature of the i919~29 period was the great
increase in the importamce of electric-motor drives in the
indostry. In 1919 electric motors represested orly a3 percent
of the iastalled horsepower, whereas 10 years later they
accounted for 69 percent. 7The extent to which this shift has
taken place is corroborated by the NRP-NBER 1936 brick-plaat
survey. Of 39 plants reporting on type of power, 18 used
purchased electricity eatirely, 1 genmerated its own curresnt,
6 used & combination of steam and purchased electricity,
and 4 used steam power only.

Electric power begaa to find use in the brick industry
shortly after 1900, whern the adoption of steam power had
bacome virtsally complete. Its rise in importance took place
at the expense of steam power; the percentage of the total
installed horsepower accounted for by steam engiases and tur-
bines declired as that of electric motors increased. The
effects of the substitution of electric power were scarcely
less revolutionary thaa those of the earlier adoption of
steam. Electric power effected a degree of centralizatiosn

88340 chap. II, ftn. 1.
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of power gemeratiom formerly impracticable and a tramsition
to individeally driven machines.

The use of electricity ceamtralized the generation of power,
particularly where power was purchased from cemrtral statioss.
Steam~operated brick plants sometimes required a number of
steam engines, each with its crew of operators. The purchase
of power eliminated this labor in the brick planmt without a
corresponding increase in the amount of labor employed in the
much more efficient central stations; it also meant that less
fuel was used to do the same amount of work because of the
much higher fuel efficiency of central statioms.

The trend toward the purchase of cermtral-station power is
evident in the data presented in table 10. In 1919, 79 per-
cent of the rated horsepower of electric motors in the "Clay
products {other tham pottery) and momclay refractories® in-
dustry was utilized by motors drivez by purchased energy;
by 1929 the percentage had increased to 93. Similarly, in
1919, 26 percent of the total imstalled horsepower in the

Table 10.~ TOTAL EOESEPOWER OF THE CLAY PRODUCTS {OTSEE THAX
POTTERY} AND XNONCLAY REFRACTCRIES INDUSTEY,
BY SOURCE OF POWER, 1819-129%

smmmme —————eeeee—————
Percentage distribution of Horse-
total rated horsepower, pover of | Rated
o £ power electrie | horse-
¥ source of p
motors (power of
Total driven by lelectrie
reted purchased ] motors
Year| porse- Steam energy as as
power | PUF— lengines|Interzal percent | percent
chased and combusw lnipariof horse-|of total
elega tur— tion power rated
tricity! piney | endines of all | horse-
electric | power
motors
1916 | 405,157 28.1 £9.8 4.3 4] 79.4 az.s
1923 {480,576 40.7 55.8 8.3 .2 85.3 47.7
1928 517,204 | 490.8 45.8 4.7 c.1 68.8 55.7
1927 {529,581 58.1 37.4 4.8 ) 01.9 83.2
1926 | 533,887 83.8 31.8 4.8 0.1 92.8 28.8

Spata for 1919, 1085, 1827, and 1528 from Fiftsenth Consus of the United Stotes:

1930, *Hanufactures:
for 19p3 Irom Fiennial Cansus of Nanufoclures:

Census, 1930}, D. 840,

5

™

LS

1926 (§. §. Dept. Cem., Bur, Census, 16833}, 1i, 863; data

1987 {Y. 8. Dept. Ccm., Bur.
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industry represested motors driven by purchased electricity,
and by 1929 this percentage had increased to 64.

In the much smaller sectioa of the industry that employed
electric power gemerated in the plant, the shift from steam
power to electricity also effected some centralization of power
generation. Whereas formerly the power of the plant may have
been supplied by several steam engines driving different
sectioas of the plant, the adoptiom of electricity gemerally
concentrated the production of power in one steam engine and
eleciric geperator with a corresponding reductiom im labor.
This concentration of power production im plasts gemerating
their own electricity accounts in part for the increase ia size
of installed steam prime movers. Between 191¢ and 1929 the
average borsepower of installed steam prime movers isncreased
from 102 10 1a7, or by 25 percent, as shown in table 123.
Since, in gereral, the efficiercy of steam engines increases
with size, the rise in the average capacity of steam engines
may reflect also the effort of plants employing steam power
to take advantage of this characteristic.

It is possible to centralize the gemeration of electric power
to a greater degree than that of steam power precisely because
electricity is a more flexible form of power asd may be more
easily tramsmitted to the point of use. Thais flexibility of
electric power makes it possible to apply an individeal motor
to each machine, whereas with steam engines it is mecessary

Tabie 1i.- AVRREAGE RATED HORSEPOWER OF PRIME MOVERS AND
RLECTRIC MOTORS IN TEE CLAY PROBUCTS (OTEER THAR
POTTERY ) AND XONCLAY REFRACTORIES INDUSTRY,

1519-23°
Electric motors
Stean Rrt N
. riven by
Year eng!.:es Driven by energy
tn:bnines All purchased geperated in
energy establishment ~

1918 ini.8 27.8 31.1 18.2
1g23 117.9 28.3 28.1 18.1
1823 118.¢ 28.0 28.0 18.4
1927 125.3 23.85 25.0 14.1
i829 127.0 21.4 22.5 18.38

33se table 10, ITh, & Tof sources,
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Figure 18.- EFFECT OF ELECTEIFICATION

IYEAM-POWER AMD LINE-SHAPT TRANMSIHISION SYSTEM
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Tha uppar half of this dlagrem is the plan of a brick plant with its own
steam plant and shaft-and-belt system of power transmission. The lower
half shows the simplification possidle in the same plant by the Substitu—
tion of purchased electric power. :

to transmit power from the engine to the machime through a
cumbersome system of shafts, belts, and pulleys. The power
losses due to friction and belt slippage iz such a system
sharply limits its efficiency amd physical range of applica-
tion, On the other hand, the linme losses of ar electrical
wiring system within a plant are nmegligible, and aa electrical
system of power distribution is therefore far more efficient
than a mechanical system. .

The iaflexible and clumsy apparaties reguired for the me-~
chanical transmission of steam power forced the engineer in
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the earlier days to give first consideration in plaat design
to efficiency of power trassmissiom rather than to flow of
material. The use of individnal motors aow makes it possible
1o rationalize plant lay-outr for the maximum productivity
of lahor, and for efficiency in the fiow of materials, The
latter is of special importaace in the brick and tile industry
where the bulk of the material handled is large in relation
to its value, The iasdividual motor can also be designed
to fit exactly the requirements of the individuval machine to
which it is attached, and this likewise effects an important
improvement in the efficiency of operation and thereby in-
directly reduces labor requirements. Farthermore, lubricationm
azd maintenance of the belirs, pulleys, and shafting of the
steam-power transmission system required comsiderable labor
which was largely eliminated by the tramsition to individual
electric motors.,

Electric power employed through individual motors is more
amenable to automatic and semiauntomatic cosirol, which means
that labor requirements may be reduced by the application of
control devices, The antomatic synchronization of gperation
of the belt feeder and crusher illustrates the effect of this
characteristic of electric power. BEven such a simple control
device as the electric push button may effect counsiderable
savings of labor when substituted for the more cumbersome
controls necessary with steam power. Fimally, electric power,
because of its flexibility, was very nearly a prerequisite
for the use of such labor-saving devices as transfer cars,
overhead cranes, and setting machisnes.

Electric power is not always applied to machines through
individual motor drive, but it has been to an increasing extent
in receat years. This is imdicated by table 11, which indi-
cates a steady decline in the average size of motors employed
in the industry. The initial steps im electrification at many
brick plants was to replace the steam engises with electric
motors, each of which drove & number of machimes through
shafting and beltiag. The individual motors for each machine
which were introduced in the later stages of electrification
were, of course, smaller on the average than the earlier motors
which drove & number of wmachines. The shift to individual
drive was therefore the principal factor responsible for the
decline in the average size of motors.
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A comparison of the average sizes of motors drivea by pur-
chased electricity and by electricity generated in the plant
tends to confirm this asalysis. Plants which purchased power
in the early years of electrification frequently contested
themselves with replacing steam engines by large electric
motors that continued to drive individual machines by means
of shafts and belting. If this practice had bees followed
at plants which generated their owa electric power, it would
have meant the almost poinstless interposing of a generator
and electric motor between the sieam eagine and the mechanical
power-transmission apparatus. Therefore, plants generating
their own electric power generally proceeded directly to
individeal or small-group drive of machines.

Bence, in 191¢, the average horsepower of motors driven by
energy pgenerated in the plant was lower by 12 thas that of
motors drivem by purchased energy. Siance that time, with the
shift to irdividual drive in plaats purchasing electricity and
the extension of use of electric motors penerally, the average
horsepower of motors driven by emergy from both scurces has de-
clined, and the difference in size has become less prosounced.

The purchase of power as opposed to the use of prime movers
has considerably reduced the capital investment reguired.
Where the need for am expansion or replacement of power-
geaerating facilities arose, this factor has doubtless been
an importast consideration favoriag the purchase of power,
particularly since 1929,



CHAPTER IV

SUMMARY

From 1870, when the stiff-mud auger machine and soft-mud
mold-filling machine were just beginning to be gemerally
employed, 10 1920 the man-hour reguirements per thousasd brick
were reduced by more tham 50 percent. The reductica of 27 per-
ceat from 1889 to 1916l was accompanied by major capital ex-
penditures for such equipment 2s steam shovels and locomotives
in the clay pit; cars, rails, tramsfer cars, and tunnel driers
in the drying department; tuannel kilms, coatinuwous kilms, and
elaborate mechanical setting machines in the burning depart-
ment; and electrical power equipment and handling machinery
throughout the plant. The type of brick factory which was
responsible for & major share of the total production im 1g¢1g
bore little relation either in capital investment or in pro—
ductivity of labor to the brickyard of the nineteenth century.
By 1920 many of the brick and tile plants were operating oz

. highly mechanized basis.

During the period 1920-36 the imcrease in the productivity of
labor iz the brick asmd tile industry tended to0 be oObscured by
the effects of the decline ir production after 1925. Until
1925 the increased productivity reflected maianly the more
extensive ntilizatiom of improved major production umits in
response to the demand for incressed output. The high level of
repair sales during the years 19za-24 was indicative of the
need to rehabilitate plants which had been left idle or in
disrepair during the war years aazd to restore ostput to former
levels. At the same time substantial ipvestments iz major
productive units, though made in the expectation of increased
or relatively stable production, also achieved reductions in
production costs. After the peak of production was passed
in 19a¢, the objectives of capital expenditures began 1o change
gradually until, under the conditions of sharply curtailed
production, the emphasis after 1929 definitely shifted to the
purchase of machines and auxiliary devices designed primarily
luirian 8, West, Productivity and Faploysent ix Jelsctad Indusiries: Brich

and Pilg {WPA National Ressarch Project in cooperatlon with Natlonal Bureau of
Econmmlc Reaearch, Report No. N-, Feb. 1939}, p. 108,
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to reduce production costs or to improve guality. The objec-
tive has bees to accomplish these results without major capital
investments. The replacement of major preduction units has
been kept at a minimum and, where they were essential, the
choice of the type of replacement has been dictated by con-
siderations of cost reduction or guality improvement rather
thar increased output.

This is illustrated by an examination of the most important
changes in the several departments that were responsible for
the increase or maintenance of the level of labor productivity
in the face of a low level of output relative to capacity. Thke
pProdectivity of labor in the substantial mumber of clay pits
which operated on an ummechanized basis in 1910 was improved by
iscreased use of power shovels and industrial locomotives.
Since 1935 power-shovel sales have become increasingly limited
and, when replacement has been mecessary, attesntion has cen-
tered on such cost-reducing improvements as crawler tractioa
and the more economical forms of power (electricity and gas-—
oline) which reduce the labor of shovel operation.

Aside from the addition of preliminary crushers, there were
few important improvemeats is clay-preparatiom machinery likely
to achieve significant cost reductions. Sales since 1929 have
been negligible.

Ia the machine house the most striking isnovation was the
automatic soft-mod molding machine, placed or the market in
1930. It represented the only fundamentally new development
iz any of the major productive units after the World War.
The introduction, most rapid prior to 1923, of 118 machines
between 1921 and 1528 radically increased the productivity of
labor im these plants by eliminating several of the operations
formerly required in soft-mud brick masufacture. In the Hudsom
River Area particularly, the imstallation of the auwtomatic
machine, accompanied by extensive reorgamization (isvolving
major capital investments) of the prodaction process, raised
the productivity of labor in large soft-mud plants to the level
of productivity in the best stiff-mnd plants.

In the stiff-mud plants the substitution of combined machines

" for separate pug and auger machines was an evident tesdency
in the latter half of the 1920’§, and the sharp and steady

increase in the sales of deairing machines which replaced the

combiped machine was one of the teatuges of the recovery
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period after 1932. Although this equipment was usnally sold
as part of a complete brick-making machine, the auxiliary
deairing device which effected reductions in cost and improve-
ment of gnality was the feature that made the large volume of
the complete-machine sales possible.

In the drying department labor productivity was increased by
an extension in use of electric tramsfer cars in stiff-mud
plaats, while coaveyors accomplished the same end in soft-mud
plaats. The virtual eliminatios of open-air drying and the
shift to waste-heat drying in stiff-mud plants, particularly
after 1929, represented two phases of the effort to reduce
costs. Such auxiliary equipment as induced-draft fans has
found extensive use, and recording and controlling instruments
have been introduced iz a few plants.

In the burning department kiln design was a focus of interest
during the 19a0's, and large-capacity tunsel and continuous
kilns became important factors. I[= recent years smaller kilns
more suitable for irregular and diversified prodoction have
been favored. Improved fuel efficiency and labor productivity
- were achieved by the addition of such amxiliary devices as
draft fanms, gyrdmeters, iprsulation, and oil-pressure systems.

In the Chicago area, between 1925 and 1929, the installation
of setting and unloading machines at additicamal plants raised
the percentage of brick set by machine in that arez to about
96 percent. Brick-setting machines entered eastern soft-mud
plants during the 19ao's.

"The shift from steam to electric power had the effect of
reducing the personnel associated with power geperation and the
‘maintenance of transmission machiasery. The purchase of power
reduced capital costs by eliminating the need for prime movers
in the plant. The application of direct-conpected motors
increased the effective working speed of eguipment in many
instances and generally allowed for more efficient lay-out
because of the elimipation of the shaft and belting system for
power transmission.

An outstanding feature of the period 14as-35 has been the
reduction in the avmber of operating plants by more than
530 percent. The trend in the industry toward larger plamts has
accompanied the decrease in the number of plants sisce 188¢.%8

2r0id., p. 12
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In the past, the magnitude of transportation costs relative
to production costs, together with regional differences in
the nature of demand, bave served to keep brick production
scattered ip plants located in most parts of the country.
The average plant is small compared with those in other indus-
tries. The increasing arbanization of the population’ard a
concomitant change in the dominant types and techniques of
construction, however, have favored such products as face brick
and hollow building tile, which are produced in plasts of
larger than average size and for a market that is primarily
urban. Also, the decline in the relative importance of agri-
culture is the economy has resulted in & restricted demand for
drain tile, which is produced im plants of smaller than average
size and for a market which is primarily rural.

Thus, economic factors have favored increasing centralizationr
of prodection in larger plants and within certaia regions. The
technological dasis for this centralization is found im several
items of labor-saving equipment associated principally with the
larger plants, such as the automatic soft-mid machine and
its automatic hacking machime, brick-setting and unloading
machines, electric traassfer cars, and cemp}essed-air oil
burners. The low level of capacity utilization that now
prevails and the fact that the large plamts are operatisg at
a lower average percentage of capacity than the small plants®
furnish an importaet stimulus to further concentratioam of the
production is particular regions in the more efficieat plants
of those regions. In the past such concentration was often
accomplished through mergers of a number of plants of a region
with only the more efficient plants remainiag open during the
periods of restricted demand. Should the same procedure be
followed in the future, the gemeral level of productivity
of labor in operating plants is bound to be raised without
involving any considerable capital expenditures which wonld
naterially offset the conseguent reductions in the labor
reguirements of brick mansfacture.

Srid., p. 127,



APPENDIX

DESCRIPTION OF SURVEY DATA!

¥RP MACEINERY-MANUPACTURERS SURVEY

Data were cobtaised in a field survey, covering 11 equipment-
manufacturisg companies, conducted by the Natiomal Research
Project in cooperation with the National Bureau of Economic
Research. From these compasies was obtaimed the value of
sales, for iga0 to 1936, of equipment used in the manufacture
of brick and tile. Of these companies, eight produced clay-
working (clay-preparing and machine-house) eguipment aad three
produced excavating equipment.

Cisy-Workiag Equipmsat Coopasies

For 5 of the 1: companies surveyed the data cbtained refer to
the value of sales of new ciay-wcrkin§ machinery and repairs.®
These five companies are among the seven largest prodecers of
, clay-working equipment.

For some of the companies sales were not available for a
few years of the period 1920-36. For such years sales of
the missing companies were estimated oa the basis of the
proportions that the sales of these companies comprised of the
sales of the others in years for which the sales of all were
available. One of these companies regquired such estimates
for the period 1g9ao-27. In one case estimates for the last
2 months of 1436 were made on the basis of the average for the
first 1o monaths.

For 3 of the 11 companies surveyed the data cbtained refer
to the value of sales of selected types of new machinery
oaly. These three companies together sold only about two
huandred thousand doliars worth of such egaipment over the
entire period.

Data for cae of the three companies were available only
through the first 10 mosths of 1936; sales for the remaining
months were estimated from the 10-month average.

‘mm& by Julfus M. Ballck 1n collsboration with the suthors.
iras include sales of repair parts and charges for rebuilding.

69
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Tables A-I.- VYALUE OF TOTAL PREODUCTION AND OF SALES SAMPLE
OF CLAY-WORKING EQUIPMERT, 1918-38

— ——

Value value of sales percent
of total production®| by eight companies®|that elght-
company
Year
Thousands Index Thousands Index sales are
of dollars |(1925=100)|0f dollars|(1g25-100)| °f total
value
1819 3,187 60.2 n.E. - -
1620 n.s- - 1,388° 71.5 -
1921 3,772 71.2 1,187°¢ 81.6 31.7
1922 n.a. - 1,771° g1.2 -
1923 5,508 104.0 2,208° 113.%7 40.1
1524 n.s. - 1,778% g91.5 -
1925 5,298 100.0 1,942° 100.0 as.e
19286 n.a. - 2,040° 105.0 -
1827 4,308 B1.3 1,462° 75.8 83.6
1828 n.s. - 1,569 80.8 C -
1929 4,402 83.1 1,851 85.0 an.5
1930 n.a. - 803 48.9 -
1931 1,871 81.5 5681 28.9 33.8
1832 n.s. - 153 9.9 -
1933 591 11.2 229 11.8 - 38.7
1634 n.s. - 324 18.7 -
1935 1,071 20.2 420 21.8 89.2
1936 n.a. - azn® 82.3 -

8pepresents all clay-working machinery. Deta are from femsus of Nomufacturss:
1825 (U. 8. Dept. Com., Bur. Census}, p. 1081; 1835, 1I, p. 1088; 1833, D- B26;
and 1835, 9. 1000,

Dats aTe from NRP machinery-manufacturera survey and cover ssles of clay-working
{cla}'—prepsring and machine=house) sgulpment and repairs to the brick and tile
ndustiry by elght companiss manufacturing equipment.

Spartly estimated.
n.s. Data not avellable.

Table A~y presents a comparisca of the value of sales of
clay-working machinery as obtained from the foregoing eight
companies® and the value of prodaction of all clay-working
machinery as reported to-the Census.of Nanufactures. Examina-
tion of table A-1 reveals that the voleme of sales obtained im
the survey floctuates closely with the value of total produc-
tion. The percentage which the former series comprises of the
latter varies between 31a and yo. The average for the entire
®rhe sales of ¢lay-sxcavating eguipment DY Ihree companiss producing power shovels

and locomotlve Ccrenes have not been included, since the census figures do Dot
include axcavating squipment.
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period is 36.% It should be noted that the census values
iaclnde machinery used exclesively in the production of clay
products other tham brick asd tile. Such machinery is not
included in the sales series,

The Census of Nanufscltures specifies two industries that
mannfacture products made of clay - the "Clay products {other
than pottery! and.nonclay refractories? industry aand the
*Pottery, including porcelain ware" industry. The former,
which includes the production of brick aud tile, has roughly go
percent of the total rated horsepower of the two industries.®
This proportion is not utilized exclusively in the produe-
tioa of c¢lay brick and tile. Of the wvalue of products of the
*Clay products (other than pottery) amd nonclay refractories
industry, between 5 and 30 percent represent the value of
nonclay refractories.® Such products, however, are masufac-
tured by processes other thas those used to produce brick and
tile,” and the equipment used ir their manufacture is probably
not inciuded in the series for valee of clay-workiog machinery.
The sample sales series therefore accounts for a somewhat
larger proportion of total production of brick and tile equip-
ment than is indicated im table A-1.

The eight-company sales series was broken down by kinds of
eguipment sold by varying sumbers of companies. The break-
downs are discussed below. Because dats for several companies
were not available for the entire period under comsideratios,
partial estimates were required for these break-downs.

Crushing and Grinding Equitment.- Table A-3 preseats the
value of sales of crushipg and grinding eguipment. Such
sales are presented in three categories - wet and dry pans;
smooth~roll crushers; and granulators, disintegrators, aad
pulverizers - and are based on the records of sevem companies,

‘s:cepc tor 1033, the aurvey seriss repressils an incressing proportion of the
cenaus gariea in Fears for which the jatter fa higher tham in the Drecesing CeRsys
year; theé aurvey aserles raprassnts & decreasing proportiocn of the census serles in
yaars for which the latter is lower than in the proceding census year. An apparent
Teaacn for this reiationship is that the aurvey saries repleseits sales, wheress
the census flgures ars for production. IR Fears of rising sales, inventorles may
be Osplated; in yeers of low sales volume, inventories may be built up.

B’ms parcentages are $3.5 In 1919, 1.5 in 1823, $1.2 In 1926, $0.6 fn 1B27, and
B8.8 In 1920, the last ¥year for which data are avaflsebdie (based on Jensur of
Hamufactvres),

e'ﬂm percantages over the pariod 1923-35 range from 5.7 1o 1924 to 19.1 in 1836.
The moveRent &f thead percoBlages Is SIMOST Steadily upward [based oh Census of
Maomufactuens).

?etay Products Oyclopadia ond FQuifment Catalog {54 #d4.; Chizago: Industrial
Publicationa, Inc., 1628}, poasis.
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Tsbkle i~g.~ RELATIYE VALUE OF BALES OF CLAY-WORKING EBQUIPMENT
TO THE BRICK AND TILE IXDUSTRY BY VARYING

NOMBERS OF COMPAXIES,

1980-88

Index of sales (18209100} by =

Percest of eight-company ssles

couprissd by ssies of -7
Tear y
Ei ght Beven Fivs Three Sevan FHive Thres
companles® | conpunies® ias® tes® panizs | companies | compamies

1850° 71.8 2.1 7.2 8.7 88,1 98.8 s3z.0
921" 81.8 55.8 e1.9 88,3 or.y 9.5 52.1
122" 91,8 2.4 91,4 B1.5 .0 99.3 43.8
1923* 118.7 114.8 118.3 101.9 78,7 06,7 3.4
19z4° 018 67.6 8.7 91.2 7%.9 9.3 48,3
1g925* 00.0 100.0 100.0 00.0 76,1 99.0 43.5
192e8* 105.0 109.9 108.8 104.7 7.6 9.3 45.3
19p7* 75.3 8.8 78,7 e1.0 .8 o9.5 82.1
I 80.8 1.8 8.8 81.5 8. 4 9a. 1 8.9
1929 5.0 21.4 83.8 8. ¢ 818 089.7 B1.2
1930 6.5 48,5 4.8 8.8 T4 4 9.2 51.0
1681 28.9 28.8 29.2 38,8 Té. 4 100.0 817
193z °.¢ 2.9 8.8 1.9 8.2 9.0 53.0
1933 11.8 1.8 .8 4.9 76,1 P0.4 9.8
193¢ 10.7 17.9 18.5 24.0 81,8 1.7 a9.8
1935 21.68 29.9 21.8 31.1 B82.0 28,5 9.8
1038* 92,3 38.0 az.e 30.5 B8, 3 902 8.7

Scomputes from tsble a-1.
Scomganies whose Males mre terd It CORACITIng tabls -8
Ccomunion wioee siss WTE TINC iD COOSITUCTISE taWis ik
'mm witcee acliss mrs wsed in coomtructiog wbis -8,
“purtiy satimtes.

Table A-3.- VALUE OF CRUBEING AND GRINDING EQUIPMEXT SOLD

1920-38%

{Thouaandas of dollsars)

TG THE EBRICI AND TILE IXDUSTRY BY BEVEN COMPANIES,

Grapplators, Percent that pans
Yaur Total Wet and dry pans| SMOoB-Toll  Baig)ntegrators,| 272 of total
crushers and pulverizers f3-geur
moving average'}

1920 ] a7t a*® 18° -

1981 101 a7t 2 29 7.9
1933 107 5t -] 11° 8. 2
1928 238 1a2® 10 P3N a2.0
2034 188 128 15 o a1.8
1028 129 101 7 14 .3
1928 P11 170 7 “ .6
1987 108 a1 10 1B 5.8
1926 188 ] + ) m.5
192¢ 109 ar £ 17 3.7
1930 4 28 & 9 7.6
1933 $5 £51 H HY 74,0
1938 3 o ° 1 75.0
1038 @ 2 . s 18.%7
1934 s o o s 42,0
1038 LY. 7 . s 5.5
inss is ' 1 w -

Ywta are from i WP MERINITY-MATSIAC LUTOTS BUTVEY 4G Sower sales T0 the Brick 4a Cile Imduetry 3y il":l‘! comgmnies

:‘fﬁiﬁiﬁwlu cruthing and FFINdInE +quisment, OF the savid. (RO BSkn WL and drF pama, fowr asks

By 1pncaa.

. greculatocs, 4ialncegreiors, AN DOlvarissrs.

Epurtiy sstimisd,
“lass then 800
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Tabdle A-i.~ VALUE OF SALES BY FIVE COMPANIES OF SELECTED TYPES
OF BQUIPMENT USED PRINCIPALLY ilﬁ BTIFF-MUD BRICK PLANTS,
1930-3¢

{(Thousaxndns of dollars)

Augers and combined pugmfil
and suger mschines
J3=year
Dealring percent Puf  lcgtiers iFecders®
Yaur fotal squlpment that com | mills®
Total | Augera [CORPIRRd] 4 n.4
mgchines machines
ara
of total

19e8 308 - 188 57 102° 8* 102% 10°

1021 £35 - 188 as* 00° 7.5 13° 78

19e2 289 - 154 sz* 102 38° "t 13®
_iees 338 - 184 -t 12¢° 43° o 11°

1924 age - 168 85 31 o84 43 [ 14

1928 239 - 181 e ies 48 o0 13

18 77 - 234 It 188 ©® e 17

1027 287 - 171 a0 7L 29.1 28 77 11

o8 288 - 146 7 100 21 &0 ]

1928 269 - 148 20 123 38 L5 18

1980 72 - e [] &8 86,7 28 I +

F1-51 108 - as 0 4 10 28 7°

1938 = 18 + £ o* [ @0 1t

1933 a2 “ 1 1* o* - g° ¢ o

1934 45 41 ] ot L a® 1* 1

1g38 152 M1 o o° o _ 3¢ il 1®

1836 188 154 14 s 11 4 12® b

Foata afv Irom ERP MACE)BOTY-ERNRIACLUPSTS SUPTAY aDd SOVAP sales to the Drlek and tlle IadubiTY DF five vomgenies
mrufacturiag drick squipsent. Of the [1¥s, Txb mals desifihg equipmal. %o asks augsTs, foor mks comdined putatll
400 Auger sschines, Fi7e MM DUERILIN, THF BEES CUTLATE. And four SAER feadsra,

Pinelutes sales to acfi-mi plants.
“Partiy eatimsten,
ek

Table A-5,.- IXDEXIES OF YALUE OF BALES OF BTIFF-MUD AND SOFT-MUD
BQUIPMENT BY FIVE COMPANIES, 1321-3¢°

{1825=103)
Percent Percsat,
that valus that walue
of sales of of sales of
SL1T N Friff-ad 1 g | =viff-and
Yoar Totsl sguipment squipme st fear Fotal f;:;:-n‘ eguipeent
iz of total iz of total
{3-gpexr {S-year
Y :n-rtn%
aversge” } aversge’ §
182t 7.1 2.0 - eRe &.0 4.4 8.4
igeR 88.0 B81.4 88.4 1930 40. 8 49.8 27.3
16883 112.7 00,7 0.0 1981 2z.& 28.9 $3.1
1924 6s.% .1 1.8 ig32 0.7 3.8 0.8
isks 100.8 102.0 7.6 1938 17.8 28.1 8.3
1828 100.4 4.8 7.0 1084 4.8 164 98.1
1987 7.0 B8i.8 7.7 1833 44.7 30.9 N ]
ise8 ~™.4 7.0 7.0 1538 33.4 7i.3 -
Shate AT ITOR MRP BACRIDSTF-BAAULOTOTHPE $UTYER abS £over salax Lo tde BricK 326 tile Ay 1wy
saoufacbaring drick seuipment. 4F the Five, oo mdufgciules sall-emd atd all stif{-amg Tha

PEuiet Ubad sre Dased upon & Selscisd series of Bmchimnes.
R
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These seven compasies accouanted for from é6 to 86 percent of
the eight-company sales series {table i-2).

Stiff-Nud and Soft-¥ud Equipment .- The sales of selected
types of machinery used priscipally in stiff-mud plants are
presented iz table A-g5. These sales are presented in the
following categories: Deairing equipment, augers, pugmills,
combined augers and pugmills, cutters, and feeders. The
figures presented are based on the sales records of five
companies, which accounted for over ¢B percent of the eight-
company sales series (table A-a).

Of the five companies, one also produced soft-med equipment.
Since this company preoduces the AutoBrik machise, the funda-
mental piece of equipment used in further mechanizing soft-mud
plasts, the sales of this company are believed to represent
adequately the purchase of soft-mud equipment. Table A-5
presents the tremd in the relative importance of stiff-mud and
soft-mud equipment. The value of equipment sales used in
constracting table A-5 is based npon a selected series of

Tsble A-8.— VALUE OF BALES OF NEW MACEINERY AND REPAIRS S0LD
TO THE BRICK AND TILE INDUBTRY BY THREE COMPANIES, 1923-3¢°

{(Thonsasnda of doliars)

Percent that
Year Total New Repair new machinery
machinery parts 1a of total
1822 7e7 £538 514 33.0
1923 958 404 555 42.1
1924 8589 428 438 49.6
1925 943 485 458 51.5
lg28 2983 543 442 55.1
18927 807 428 381 52.8
1828 768 304 7z 51.4
1828 B48 458 : 388 54.1
1830 460 213 24% 48. 3
1631 346 195 151 86.4
1832 io2 49 . 88 48.0
1933 138 85 51 2.5
1934 227 148 81 €4.3
1935 282 is2 110 62.3
19386 475 286 189 60.28
‘a&yairs tnclude sales of Tepair parts and charges for rebtullding., Dats are from

NRP machipery-manufacturers survey and cover sales to the brick &nd tils Industry
by three companies manulscturing brick sguipment.
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machines, equal to about one-fourth of the eight-company total
shown in table A-1.

New Nachinery and Repairs®.- A comparison of the sales of new
machinery and repairs is given in table A-§. Data are based
upon sales of three companies, which represeat from 43 percent
in 1923 to 76 percent is 1436 of the eight-company sales series
{table A-2).%

Excavatisg-Equipmant Compazies

In addition to the eight companies producisg clay-preparing
and machine-house equipment, three companies were covered which
produced excavating equipment. Each of the companies manufac-~
tured power shovels, and one manufactured both power shovels
and locomotive cranes, The data obtained are for sales to the
brick anrd tile industry; they refer only to complete new imits
and, probably, some rebuilt units.

The brick and tile indusiry consumed only a small fraction
of the power shovels and locomotive crames produced by the
three companies. Total sales of these products by the three
companies, however, comprise a larpge portion of the value of
total output of the two types of egnipment ({(table A-71}.

Repairs and resales make up a considerable portion of the
sales of two of these companies; for the third, available data
cover only new units.1® The Census of Nanufactures normally
includes in its detailed production tables only new ugits
and parts, listing receipts for repair work separately. It
is therefore likely that the percentages shown in table A-y
are inflated.

The total-sales series was partly estimated, For one company
the 1936 data were obtaired for only ¢ months; figures for the
last 3 months were estimated on the basis of the monthly
average for the first 9 months. For another compasy the
figures for 1¢9ao and 31936 were estimated on the basis of the
ratios in 1921 and 1935 respectively of the sales of this
company to the sales of the other two.

In the iastance of sales by these compamiss to the brick apd
tile isdustry, however, only one estimate was needed., Such

&Ra;alrs intlude sales ©f renair paris and charges for rebuilding.

9?3: psrcentages fiuctuated betwesn 43 and 82, without avincing any trend, during
the period 1020-32. In 1433 the percentage roae [ron 53 to 80, rose agaln to 7¢ in
1854, and then %o 78 in 1938,

10340 tabls A=7, 0. B
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sales were available, for one company, for only the first
10 months of 1936; data for the last 2 months were estimated
on the basis of the average for the first a0,

Tsble 4-7.- YALUE OF TOTAL PRODUCTION AND OF SALES BY THREE
COMPAXIER OF POWER SEOVELS AND LOCOMOTIVE CRANES, 1919-2¢

Value of sales by three companles
Valiue of » To brick and tile
total pro. Total tndustry®
duection®
Year
{thousands| whousands Percent Thousands
of dollars} of of value of Index
dol of total {1825=100)
ollars production dollars
1018 15,3884 n.a. - n.a. -
1620 n.a. 14,478° - 850 122.2
1821 15,8374 5,422 34.2 148 . 27.4
1922 R,A&. 8,074 - 400 78.8
1823 29,226& 14,132 48.3 -l ad 108.5
1924 p.4. 11,6848 - 568 106.8
1925 s2,895° 12,547 36.2 53z 100.0
1628 n.s. 13,005 - 413 7.8
1827 s8,494° 12,742 33.1 32¢ 81.8
1828 n.s. 14,878 - 232 43.8
19289 45,301 16,9852 84.4 308 57.8
1830 n.a, 8,541 - 83 15.8
1831 20,442 8,188 40.0 82 15.4
18352 B.8. 3, 507 - G (o]
1633 3,088 8,108 61.C 15 3.8
1634 B.3, 4,568 - 13 2.4
1835 13,205 6,282 47.3 32 8.0
1838 n.a. g,218° - 4 8.8

BEazed on Census Of Nowufactures: 1§25 (U. 8. Dept. Com., Bur. Census), p. 1081
1828, I1, 1009; and 1835 p. 10748,

bnszs are {rom NRP pachinery-mapufacturers survey¥ and cover two companies many=
facturing power shovels and ohe ¢ompany manufacturing both power shovels and
locomotive cranes. Data for the lattar company ars for new units only {no repairs
or retullt aguipment), Data for the former compsnies imslude repailrs and resales.
In the cass of ona, about 70 psrcent of the sales rapresanted salss ¢f new units,
aboul R0 psrcent repressnted ressles, and adoul 3i0 percsnt repreasited parts. In
tha case of the osther, about gne~third repreasnted repairs.

Srneludes complets units only. Goms redullt units may be includsd. The ¢
wanuACtUring Hoth powsr shovels and locomotive cranea acld only the latter to tha
brick and tile industiry.

“mu for iccomotive Ccranss wera not reported for 1916, 1021, and 1683, Values
were satimated by multiplying the vaiue of powsr shovsls in these years by the
1:25 {ar.ie of ths valus of locomotive cranea {ses [tn. £} to The value of power
ahovals. .

®partly astimated, £.3

tleer and locomotive cranes wera reported in combination In 1826 and 1027. The
value of locomotive tranes Only was estimated on the basis of the 1688 proportions.

N.&. Dats 50U AvEilable,



_APPENDIX 77

NEP-NBER 1338 BRICE-PLANT SURVEY

Data were obtained ina field survey conducted by the Hational
Research Project in cooperation with the National Bureau of
Economic Research. The results of this survey are summa-
rized iz a report by Miriam E, West, entitled Productivity
and Employment in Selected Industries: Brick and Tile (WPA
National Research Project in cooperationm with National Bureau
of Economic Research, Report No. N-a, Feb. 1939},

One hundred and eight plants were surveyed, their major
product being either common brick, face brick, pavimg brick,
hollow bnilding tile, or drais tile. Average annval production
per plant for plants for which the information is available was

'35 million common-brick egquivaleats in 1925, 24 million in
1927, 19 million in 1929, and 7 million in 1935.12

BRICK AND CLAY RECORD 1937 BRICE-PLANT STRVEY

This study, published in the Brick and Clay Record [Vol, 70,
No. 13 [June 21, 1927], 100a-25} as an article entitled "Clay
Pit and Mine Methods", is based upon 120 plants reporting on
loading methods, 103 nsing power shovels, 82 reporting on
shovel size, and 73 reporting on type of power utilized by
shovels. The plants covered im the study made common brick
and building tile; their size, as represented by anmmal pro-
duction per plant, was 22 million brick [average for 36 planis
which reported production).!2 ,

BLS 1¢22 BEICK-PLANT BURVEY

This survey covered 71 plants manufacturiag common buildiog
brick. Of these plants, ys used the stiff-med process and 26
the soft-mud process. The average annual production per plant
was 38 millioa brick.'® The results of the survey are pre-
seated by William F. Kirk is Productivity Costs in Common-Brick
Industry (U. 8. Dept. Labor, Bur. Labor Statistics Bull.
No. 356, 19a4).
n‘Pqu:s studied in this survey tend to be larger than the plant of average size
when the entire industry is considersd., Avsrege anmial production in the industiry
(bazed on Census of Nonufactures) was 10 million common-brick equivalents per

establisheent in 1025-26 and & w1liion In 1935, according to Miss Weat's report
{p. 989}, BSee chap. 1I, ftn, i.

' &vareEge production of sll plants see fmm. 1l.
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