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Sir. 
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The report K4Ch4~iz4t'O~ i~ the B~ic. lAdust~" 
transmitted herewith, describes the changes in produc­
tion techniques that the industry has experienced in 
the past SO years. The changes of the last 20 years 
are analyzed in some detail. 

Although the improvements in machines and in 
manufacturing techniques were limited largely to 
refinements in design and to the addition of rela­
tively inexpensive auxiliary equipment, the cumulative 
effect of these minor changes on the amount of labor 
required per unit of product was considerable. In 
addition, the industry has benefited from the general 
technological progress since i920 which resulted 
in the use of more wear-resistant metals and ball 
and roller bearings in brick-making machinery, in 
widespread electrification, and in the mechanization 
of clay-pit operations. 

From the standpoint of the industry's capital 
outlays, it is notable that during the early and 
middle i920'8 equipment purcha8es were mads in the 
expectation of stable or increased demand and were 
concentrated on major production units. After the 
peak of production was passed in 1925, and particu­
larly after 1929, the emphasis gradually shifted from 
increasing output to reducing production costs or to 
improving quality. In recent years the objective 
has been to accomplish these results without major 
capital investments, and the industry's equipment 
purchases have therefore centered mainly on devices 
that required small capital outlays relative to the 
economies which they made possible. 

Much of the economy in labor utilization could 
not, however, be realized during the past to 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 lower in 1935 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 
required to produce 1,000 common brick to much less 
than the 9 hours needed in 1925, the year of the lost 
production peak. 

During the last two decades brick manufacturing 
has also experienced a considerable concentration of 
production in a progressively declining number of 
plants. The technological base for this concentration 
was provided by the availability of equipment which 
can be used most economically in the larger establish­
ments and under conditions of fairly continuous 
operation. The present low level of operations 
relative to the capacity of the briCk-manufacturing 
plants is furnishing an important stimulus to further 
consolidation. In the past such concentratio"n of 
production has often been the result of mergers of a 
number of plants in a given region, the shutting down 
of the least efficient plants, and the operation of 
only the more efficient establishments. 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 
requirements in the manufacture of brick. 

Respectfully yours, 

~"tc:e::::-:-:::~·""'7 %; 

Corrington Gill 
Assistant Administrator 
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PREFACE 

Not only do technological changes exert an 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 analysis of the industrial appli­
cations of the principles of science and engineering must 
therefore also embrace-the economics of their application and 
the economic conditions that affect their introductiou. With 
this as an approach, the National Research Project has conducted 
a 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 in the United States since 
the World War.! In others, an individual industry was selected 
as the unit of investigation, and the subject for study was the 
relationship of the economic requirements of the industry to 

_the development and introduction of a variety of machines and 
production techniques. The present report is an example of 
this last type of study. Dealing with the brick-manufacturing 
industry, it is also a companion piece to the Project's broader 
study of production, productivity, and employment in the brick 
and tile indust ry8 and presents a detailed picture of the 
mechanical improvements that were associated with the changes 
in productivity recorded in that volume. 

The report was prepared by Alfred J. Van Tassel and David W. 
Bluestone. The field data used in this report were collected 
in cooperation with. the National Bureau of Economic Research 
as part of the cooperative study on productivity and employment 
ill the brick and tile industry. The series of "Studies in 
Equipment Changes and Industrial Techniques" are under the 
supervision of George Perazich. J. Vau Born Whipple organized 
the field work and supervised the editing of the materials 
collected. The completed manuscript was edited and prepared 
for publication under the supervision of Edmund J. Stone. 

1s8'~ tor nUlp18. the report OJ' o&orge Perazlch &l'I4 otben. Ir&d_trlAl IvtruMftts 
0_ ChcI'W'''f r,sc_tcr" {WPA Matl00al Research Project. Report Ko •• 1, OCt. 1938}. 
'iteport n. In preparat1G1l b-7 Gearse ~rulch.. 
~11"1" B. Weat. Pr(dcUtI't" OM ~1o)'U"t e" 3. ycte4 Jfldwtf"Ms: 'f'kl aM 
'''M (WPJ. Hltla.l Research PrOJect- 1A COQPel'8.ti(ll wItb Ht.t1a.l BUreau ot £COllc.lc. 
8N:e&rch, Report No. H-a. hb. 1Q39). 
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CHAPTER I 

INTRODUCTION 

The brick-manufacturing industry is decentralized in a large 
number of relatively small plants serving geographically 
limited markets. In the last boom year of the industry, 1925, 
more than 1,500 establishments produced an average output 
of only $117,500 each. 1 The most important reason for the 
decentralization of the industry is the low value of both the 
raw materials and the final product in relation to its bulk, 
which makes nearness to raw materials and markets the principal 
consideration in the location of a plant. 2 

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

The level of productivity of labor is, of course, determined 
primarily by the degree ot mechanization of production if the 
extent of utilization of capacity is specified. Changes in 
the man-hour requirements per unit of production and in the 
total employment opportunities afforded by the brick industry 
during_the past quarter of a century were examined in a study 
by Miriam 8. West. 3 The present report is concerned primarily 
with the types of mechanization that have affected the level 
of labor productivity.' 

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

Note.- The authors "Ish to acImOWledse their Indebtedness to Clayton Adams who 
aIded In tne tleld work~ Sara SimkIn wbo collected b1bliograPhIcal materIal. 
DorothY Red tscb wbo namtnla secondar)' sources, and Ethel Levlll8Dn who pre-pared 
ruoat or tl.e cbarta. 
1.'_",,'(11 Ce...,ou of lltMW/QCtvru: J92S (U. B. Dept. Com' 6 BUr. Census t 1928). 
p. 888. 
~". Cloy Produeb IMuiry: lloftt toeat(on hews (New Torlt; Hetropol1tan LHe 
lnaurane-e Com~. Pol1C)'boldel"8' Service Bureau, 1931), W. l-1Q. 
~lrlam E. Weat, Produetiu'ty and ",'0,.."1 in Selected IndU3tr{os: Br'c~ 
G~ ~i'. (WPA NatIonal Researeh ProJect In eoogeratlan wIth National Bureau or 
tcon(lllic Research. Repo%'t No. N-2, reb. 1939)" 
41t has not been PossIble to consIder auch Donaecbanlcal factors as payment 
a)'SUme. WOl"klll8 conditIons. IUld other ~rla.l devices wbleb frequentlY att~t 
the orga.nlH.tlon of the factors ot prOl1uct-lon and. the1r 1lI"000uctlVlQ. 

1 



2 MECHANIZATION IN THE BRICK INDUSTRY 

problem of employment opportunities in the brick industry is 
studied in its economic context, and the influence of produc­
tion, market conditions, prices, and the financial structure of 
the industry, as well as other f~tors, is considered. Account 
is there taken of the employment afforded by the manufacture of 
fuel and machinery used 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 p~ace in the 
brick-manufacturing industry in recent years. An attempt will 
be made to answer the following questions: What machines or 
techniques have been principally responsible for reductions in 
unit labor requirements? How rapidly have the newer and more 
advanced machines and tec·hniques been introduced? What types 
of machines and techniques have been replaced by more advanced 
alternatives? In particular operations and instances, what has 
been the magnitude of the reduction in unit labor requirements 
as the result of the introduction of newer equipment or tech­
niques. and how large were the reductions in such production 
costs as labor, fuel, and power? What has been the relative 
rate of mechanization in the several departments of production? 
How has the rate ·of introduction of new equipment varied with 
fluctuations in the prosperity of the industry? Wbat has been 
the major objective of equipment purchases at various stages of 
the economic cycle, that is, was the primary purpose to reduce 
production costs, to improve tbe quality of the product. or to 
expand the output of the plant? 

Three major processes are employed in the production o( 
common brick in the United States: the stiff-mud process, 
which accounts for about half tbe total production; the soft­
mud process, which accounts for about ~o percent; and the 
dry-clay method. 6 These three processes are distinguished 
from each other by the method of shaping the brick. In the 
stitt-mud process the clay is forced out through a die in a 
continuous column which is then cut into proper lengths; 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 
molds. Only the first two methods will be discussed in this 
report. The dry-clay process is used for only a very small 



INTRODUCTION 3 

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

In both methods nnder consideration the first step is the 
excavation of tbe raw material, clay or shale, wbicb is dug or, 
occasionally, mined or dredged. The next step is tbe grinding 
or crushing of it to suitable fineness. After it is rendered 
homogeneous by mixing, water is added. Tbe clay is then ready 
for sbaping. When this has been done, the brick are dried 
either in the open air or in heated drying sheds. They are 
tben removed to the kiln, set, and burned at high temperature. 
After cooling, they are taken from the kiln either for storage 
or tor shipment. 

Tbe first part of this report will deal with the technology 
of tbe brick industry prior to 1920. The remainder will cover 
the technical developments in the several departments of brick 
production after 1920. 8 

'In general. the an&1l'818 lD this re~t reten to IUss Vest's definItIon ot the 
brIck aDd tlle Industr7 (production of COIIIQD. br1c&, tace bricE. vltr1tle4 brIcE. 
bellcw build1ng tile. end draIn t1le). The tUscusslon ot apeclr1c technologIcal 
changes refers to Drlck-aklnB maehlner7. but tlle-lII8k1ng l18.ehlaer7 18 a1Jlllar 
In na.ture. 



CHAPTER II 

HISTORICAL BACKGROUND PRIOR TO 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 SO percent per decade from 1869 to 
1909 but declined to 1921 and again after 1925. Output per 
wage earner rose about 20 percent per decade from 1869 until 
tbe peak 01 production in 1909 and then remained nearly level 
until about 1920. Data for the "Clay products (other tban 
potteryl and none lay refractories" industry, an industrial 
category somewhat more inclusive than that here designated as 
the brick and tile industry,1 show an almost fonrfold increase 
in installed horsepower per wage earner between 1889 and 1919. 

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

In tbe 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 open air and 
kilns were constructed for each individual burning. Frequently 
tbe production of brick was carried on at the building site. 
the clay from the excavation being used as tbe raw material. e 

1The value ot the flve products whose mnuracture Is here assumed to represent 'the 
prcauetlon ot .11 brIck and tIle prOducts comprIsed a decreasIng proportIon ot 
the value of all PI"Oducta ot the .Clay products (other than potter7) aM noncla, 
retractorles l Inou8try In the perl04 1919-35. varying from S8 percent In 1919 
to 28 percent In 1933 (based. on Ca...,w- of Ml"V./octvra.s). Nonclay retractories. 
bowever. make up a conslderable and Increaslng part or the value ot prOducts ot 
the ·Clay products (other than pottery) and nonela, retractorles' Industry 
(eee appendiX, ttn. 6). The tlve products there tore represent a larger portim ot 
brIck and tile 1I&IlUta,cture than Ie IIld.Icated bl' the percentages above. 
2Hetu'7 C. Xleym.eyer, ·sort MW1 BrIck - Some- Jle1ll1nlscencea,. Jrk. OM CIG, '.cord, 
Vol. set No •• (Apr. 1930), 134. 136. 

4 



HISTORICAL BACKGROUND 5 

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

Mecbanization began with the clay-tempering or mixing oper­
ation. Formerly clay had been prepared in a "soak beap" , 
the temperer mixing the wetted clay with a boe. Tbe pugmill 
operated by borse power, which eliminated this labor, held tbe 
clay in a wooden tub while rotating knives mixed or pugged 
tbe clay. The tempered clay was tben thrust ont of tbe pugmill 
in tbe condition required for molding. 

To'!. 1.- PBODUCTIOI, W.OB ...... S •• WD OUTPUT PBR WAG. BAIIBB 
II TBB BIIeB ABB TIL. IIDUST.T, 18.I-lll,a 

Production Ou:t. put. pe r 

(millions of Average walle earner 
Year number of l t.housands of 
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1909 15.738 76,29B 206 
1914 13,098 63,189 207 
1919 9.155 48,549 197 

1921 B.752 41 t 3fU 212 
1923 14.275 58,981 242 
1925 15,388 58,050 265 
1927 14, '108 54,721 269 

1929 12.5Bl 47,771 263 
1931 5.429 25.934 209 
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B.U wsed 1n tb1a table. -br1ck .Del tHe- 1nclW1es on17 fIve tntu of product: 
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break-dartn or data Is not possIble. Data are trOll K1r-19 £. }fest. PrcdvcUvity cnI 
,.,lo)'U"t '" S.Jectacl IftdtlSW(as: Brkl! an4 .1"14 (WpJ. .... tlOD&l Researcb Project 
In cooperation wIth Ha.tIOD&l Burea.u of ECOl1<*Ic Researcb. Report. Mo. B-2. Feb. 
19<58), p. 2<1. 
b·COllIlOIl-bl"lek ",ulvalellt.8· Is a unIt of cutput. tbe cOIlcept or whleb Is QutlJned 
In lUse West's stlld;r. In order to connrt the productlOD of a ftl"let7 or cla7 
producta to a coaon 'llleaSUl"lng unIt. tbe quanUt7 or tbese products 1a expressed 
as the nUliber of co.aon: brIck wbleb could. be produced. b)" the Rile e:xpenc:U tUN 
or eUort .. 
C,1'Oc1ucUon dlY1d.ed '07 naber ot .. eamen. 



6 

• 10 

o. 
I. 

7. 

• 
• 
• 

• • .. • 

MECHANIZATION IN THE BRICK INDUSTRY 

Pi •••• t.- PIODUCTIOW 'ID OUTPUT PEl WAGE EAIIEI II TBE 
BIICI "D TILE IID~STKY. 18"-1115 

I 
I 

V PRODUCTION 

\ 
/ 

/ 
/ 

/ 

1 

~ OF" COMMON'-IIAJCA 
EQl1IVALtNTS 

1 I I I I I 

~ (" , I 

l./" 
/ 

• ..0 

4. 

3. 

OUTPUT PER 

• WAGE EARNER 

."" 5---
/~ .. '" 

........ 

-- , ... -

2. 

1.0 

0 
I ... ... 

,r-
/ - / 

I I I I I 
I ... 

\ 

I 

" .... 

I 

zoo 

I GO 

90 

eo ... 
WFA - Nat 10".1 R .... rcb Project 

"-1, 
Mechanization of the tempering operation, however, was 

scarcely a revolutionary change in the production process. 
The first important impetus to thoroughgoing mechanization came 
with the introduction of a successful brick-molding machine. 
A soft-mud ~olding machine had been introduced in 1833,3 but 
was immediately destroyed by the workers who saw in it a threat 
to their livelihood. This machine again found use in 1840, 
but not to any great extent. The predominance of hand molding 
was not seriously threatened until 18S7. when a successful 
soft-mud molding machine was designed by Martin. This was 
followed in 1862' by Chamber's stiff-mud auger machine, which 
represented a fundamental change in design. Instead of using 

3Ell1a Love.1Gy and H~ B. Hendereon. 'EarlY 81'1cklllaklns and Some Old Brick. BU1l41np 
In Virgin1a.· CUI, New_. Vol. 94, NO, 1 (JulY 193)). 19-23. 
'ElUa Love30Y. 'BrlcK.' 1fu:r.1o~IHQ Br(tGJf.t'lica U4th e4.: New fork: Encyclo­
PAedia Britannica. Inc •• lQ36 • vol. 4. pp. 111-? 



HISTORICAL BACKGROUND 7 

separate molds. tbis machine extruded a continuous ribbon 
of clay through a die and required an accessory cutting table 
on which the column of clay was cut into bricks of tbe ~esired 
length. This machine. employing steam power, was capable of 
producing 100.000 bricks per day. 

Thus, by the end of tbe Civil War the stage was set for- tbe 
development of a mechanized brick industry. The major mixing 
and forming equipment, pugmills and brick-molding machines, 
were being introduced. Powerful steam engines, whicb had 
revolutionized production tecbniques in other fields by allow­
ing the concentration of power machinery, began to find mo~e 
extensive use; so did bucket elevators and other conveying 
devices used to handle the increasing volumes of raw material 
aud finished prodnct. Tbe period of open-air production in 
brickyards was drawing to a close. 

With the westward expansion of the country and the consequent 
need for construction materials, brick plants also had to 

_be built in the new country in order to avoid exorbitant 
transportation costs. Chamber's stiff-mud auger machine, 
capable of a bigh volume of production, found increasing favor 
in the new plants in the Midwestern States. In order to break 
down tbe harder raw materials which were available in the new 
areas, more preliminary grinding equipment, such as crushers. 
grinders, and disintegrators, bad to be employed. 

Increased demand for brick was followed quickly by increased 
investment in tbe industry and expanded production. Heated 
drier sbeds began to replace tbe traditional open-air method 
in order to decrease the time of drying. Attention was being 
given to kiln design in an effort to reduce fuel costs, and 
downdraft and continuous kilns were introduced. Where clay 
suitable for tbe soft-mud process was available, mold-tilling 
machines began to come into general use. 

The decade from 1879 to 1889 witnessed the most rapid in­
crease in production in the bistory of the industry. Produc­
tion more than doubled and by 1889 had reached a level higher 
than that which prevailed in the years around 1920. In the 
following decade, from 1889 to 1899, production increased by 
only 6 percent, but the most rapid rate of introduction of 
mechanical improvements and power in the industry'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 in this decade the 
industry consolidated its previous production gains by a more 
complete mechanization of the manufacturing process. Certainly 
the period.witnessed a marked increase in the use of mechanical .. 
equipment in brick plants. 

The operations in the clay pit that had formerly been per­
formed ~ntirely by men using 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 on rails replaced wheelbarrows in transportation 
to the mill. In a few instances steam shovels and cable and 
locomotive haulage were introduced at these operations. 

About 1900, open-air drying was giving way to artificial 
drying jn sheds. In the newer plants the brick were stacked 
from the molding machine onto cars which ran on rails through 
the driers to the kilns, thus eliminating a separate handling 
in the drying process. The use of conveying equipment became 
common in the crushing. and grinding and in the machine-bouse 
departments. 

A few of the larger plants were making serious efforts to 
reduce fuel costs by proper kiln design. The continnous­
burning method, whereby kilns were fired in succession and­
connected by flues in such a way as to employ the heat of 
cooling brick in the preheating of freshly set brick, was 
employed in some of the larger plants. In 18895 was introduced 
the tunnel kiln in which the brick were set on cars and con­
veyed through on rails. This eliminated most of the labor 
associated with the operations of tossing and setting the brick 
by hand in proper arrangement for burning. In some instances 
oil and gas were substituted for coal and WOod, thereby re­
ducing labor costs associated with firing the kilns. At other 
plants waste heat from cooling kilns, rather than direct or 
steam heat, was employed in the driers. 

Production, which had failed to show a marked increase in the 
period 1889-99, had increased in 1909 by almost SO percent over 
the 1899 level and was at the highest point ever achieved by 
the industry. 

6C&0)' P1"oclucb a'C'~«tUCl 4114 Zquf;;.."t eotalot (34 ec1.j Cllteago:. I1l4uatr1al 
PUbl1Clltlona, Inc., lG28) I p. 1'19 .. 
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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 1S.9-percent increase in employment and 
a 14.6-percent rise in man-hours. At the same time the total 
installed horsepower increased by 78.6 percent in'the clay­
products industries, and the horsepower per wag~,earDer by 
42.3 percent.' After 1909 the trend of production in'tbe 
industry reversed itself, and by 1919 production had~eclined 
from the crest in 1909 by over 40 percent to a level'sligbtly 
below tbat which had prevailed in the industry in 1889. 

For the most part, the mechanization between 1900 and 1920 
represented the spread of those techniques which bad been used 
in the most advanced plants in 1900. Particularly marked was 
the increased employment of mechanical eqnipment in the clay 
pit. Power shovels and cable and locomotive haulage were in 
general nse by 1920. In the crushing and grinding operations 
the closed-circuit technique was being more widely employed. 
This technique involved the screening of the crushed product 

'and the return of tne oversize material to the'crusher or 
grinder for further reduction. This addition, requiring only 
minor equipmeut changes, resulted in a substantial increase in 
output per machine-hour as well as per nnit of power expended.? 
In this department and in the machine house also there was 
more extensive use of mechanical conveying equipment. In the 
brick-molding operation the technique was greatly advanced, 
principally by refinements in existing machines. Cutters 
employed in the stiff-mud process were now geuerally automatic 
in operation, a change which increased capacity in one instance 
from 62.S to 100 tons per day. 

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

".''''be''t' C.Mid of tAe ",Ued stoles: UilO. Vol. x ..... nutacture.: 1909" 
OJ. 8. DePt. eta.. BUr. Ceasus. 1913). J). 619.. See Ita. Q. 

'The closed:ooclrcult aeUod lZlCrease.s output per _chIne per hour as .ell as per 
unit or ~ower expended.. BJ' reaovlD& partlcles as soon as the)" are &round But­
tlelentlJ Une. It preftDta tbetr repeateli rearlD<UDS. whicb occurs In the batell 
aethod. alnce In that aJatea tbe entIre batch aust re_aln untIl tbe coarser 
pa.rtlclee are re4uced. 111 .aIBe. BJ rftIOVlng the _urIal aa It 1s l'eCluce4 to proper 
alae. 1 t allC118 .ore raw _terlal to be &dded to a pan ot llalt.e4 CI.;&CltJ' and 
bene. Incnuea the ou~ or a _clUDt ,per- hOur' or ODerat.1OD.. 
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these cars to the drier and from the drier to the kiln was 
considerably reduced by the introduction of self-propelled 
electric and gasoline transfer cars. 

In general, there were few marked changes in burning tech­
nique between 1900 and 1920, except for the increased use of 
oil and gas. There was, however, a marked reduction in the 
labor requirements associated with the setting of brick in 
the kiln, accomplished in a number of plants in the Chicago 
area by the introduction in 1910 of mechanical brick-setting 
cranes. 8 Host of the larger plants in this highly competi­
tive area adopted this system during the first year of its 
introduction. This equipment picked up an entire drying 
carload of bricks and set them in place in one operation, hence 
eliminating 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 animal to steam 
power had been virtually completed. In that year the begin­
nings of a further advance were evident in a shift from the use 
of steam to that of electric power. Seven percent of the total 
horsepower requirements of the industry were supplied by 
electric motors in 1909. The shift to electric power proceeded 
rapidly during the follOWing decade. By 191~. 20.~ percent of 
the total horsepower requirements were supplied by electric 
motors, and by 1919 this figure had risen to 3~.0 percent. 9 

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 point in the plant, and 
the consequent 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 production in the brick industry was firmly estab­
lished on the basis of the modern factory system. In the clay 

.pit espeCially, tbe general use of steam shovels and locomotive 

e NltP _cblner7-MnUracturera aurve7 (eee appendIX tor 8. brIef descrlPtlOJl ot 
the aurve;r). 
8Tha <lata (baSK on Ce'llSU of MJ""fBct..,..e:s) gIven here tor 1914 and 1919 do not 
correspond to thill 4&ta used later In 41scusslng cbanges In type of power.. Th1s Is 
because In 1916 the Ce:fISW 0/ Ml1w/actures began to l'resent seoal'ate stattstlcs tor 
the anutacture ot potter;r (anet .porcelaIn ware) arut or brlck. tlle. aM noncl&l' 
retractor!"_ SInce <1ata are avallable tor 1909 only tor the Industr18.l categor7 
InolUdlng pottery. data tor 1914 and 1919 are gIven here whIch apply to the 
coaparable category. In 1916 thlt 'Pottel7' Inc1ustI7 accounte4 tor f.8 pen:ent at 
thl rated. horaepOHer or the 'Cl&)-ProdUCt8 IndustrIes.' 
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or cable baulage of dump cars had eliminated tbe large amount 
of band labor associated with tbe clay-pit operation of 1900. 
Many special-purpose machines were available for nse, and 
some plants, sucb as the larger ones in the Chicago area, 
were operatiug on a higbly mechanized basis. In these few 
plants even the most labor-consuming process, that of setting 
and unloading the kilns, had been mechanized. In general, 
however, this work was done br hand, and the level of mecb­
anization of most of the industry did not approach tbat of tbe 
Chicago plants. 

The advances in technology prior to 1920 had a marked effect 
on tbe productivity of labor. Man-hour requirements per unit 
of production were rednced br more than so percent between 
1870, when the stiff-mud auger machine and the soft-mud mold­
tilling machine were just beginning to be generallr employed, 
and 1920. In tbe later years of tbis period, 1889 to 1919, 
when most of tbe changes thus tar discussed were first intro­
duced, man-bour requirements were reduced trom 17.3 to 12.6 per 
-thousand brick.10 

l~lrlall E. West. Pf'"arletivU, aM • .,Io,ae"t •• Selected Iftdvst ... tes: B1'"k. 
Cl1d rUe (\.IPA. Nat10nal Research Project In cooperatIon wItb Natlonal Bureau of 
ECObomIc Research. Report No. H-B. reo. 1939). p. 108. 



CHAPTER III 

MECHANIZATION AND PRODUCTIVITY SINCE 1920 

The character of mechanization in the brick industry during 
the period 1920-36, with which this report is primarily con­
cerned, was strongly influenced by the fluctuations in the 
industry's production during this period and during the decade 
prior to 1920. Production declined steadily in each of the 
3 census years following 1909, and in 1921 the industry was 
operating at only 57 percent of capacity. From 1921 to 1925 

production increased rapidly, and by 1925 the industry was 
operating at capacity. After 1925 brick production declined 
slowly until 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 utilized. 
By 1935 recovery had advanced the level of production slightly, 
but the industry was still operating at only 23 percent of 
capacity. 1 . 

As a result of these fluctuations in 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 rising production from 1921 

to 1925, man-hours per thousand common brick produced declined 
from 11.5 to 9.0 or by about 22 percent. With the decline 
of production after 1925 this reduttion in unit man-hour 
requirements ceased, and by 1935 the ratio stood at 9.7 man­
hours per thousand common brick, an increase of 7.8 percent 
over the 1925 level. The rise in unit labor requirements 
after 1925 may be attributed to the decline' in the extent 
of utilization of capacity. Miss West estimates that had 
the industry continued to operate at capacity, the man-hour 
requirements per thousand common brick would have declined 
to '.5 in 1935 or to 16.7 percent below the 1925 level.2 

lMlrla. E. West. P~04YCtlv'ty Gftd 1.~lo,..fte (3 Sslsct8d lftd~t~i.s: Brlcl 
G1I4 r( I, (WPA National Reosearen Project In cooperat1on with National Bureau ot 
Economtc Reaearcb. Report 110. Nt FeD. 1939). p_ 112. 
2nld• 

12 
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During the war-decade drop in production a large number of 
plants shut down, and the subsequent spurt found the industry 
centralized in a much smaller number of hands than before. 
The high output of 1925 was achieved by the utilization of the 
productive facilities of only 1,528 establishments as compared 
with the 4,215 plants responsible for the approximately equal 
production of 1909. The decline of production during the 
1930'S further reduced the number of plants by over So percent 
so that in 1935 only 708 establishments reported to the Ceasus 

01 Nanu/actures.& A consideration of the basis for this 
centralization of production also affords an understanding of 
its significance with respect to mechanization. The wide range 
of competitive conditions between plants serving metropolitan 
markets and those serving the more restricted markets of the 
rural areas has its parallel in the wide range of productivity 
among individual plants. The least efficient plant surveyed 
in the NRP-NBER 1936 brick-plant survey had a man-hour ratio 
6.4 times as high as that of the most efficient plant in 

'1928. This disparity increased during the depression until by 
1935 the man-hour ratio of the least efficient plant was 27 
times as high as that of the plant which was most efficient. 
Similarly, the average man-hour requirements per thousand 
common brick of the third quartile of plants in 1935 were 
139.2 percent of those of the first quartile. 4 

The indications are that productivity of labor is higher in 
t.he larger plants. The NRP-NBER 1936 brick-plant survey showed 
that the man-hour ratio in plants with an annual capacity sf 
IS to 29 million common-brick equivalents was 14.5 percent. 
lower than that in plants with an annual capacity of less than 
15 million, whereas the ratio in plants with an annual capacity 
of more than 30 million was 40.2 percent lower than that of the 
group of smallest plants. s There were also indications of a 
positive correlation between the productivity of labor and the 
capital investment per unit of capacity in a few cases where 
data were available.' 

It cannot be assmned. of conrse, that the elimination of plants 
has proceeded strictly on the basis of relative productivity 

3Xb" •• p~ 12. 
4Ib"d P. 178. 
6.16c(4 •• D. 120. 
81b .. o. PD.. 124-6-
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since, clearly, other factors must enter into consideration. 
On the other band, there can be little question that relative' 
productivity has played an important part in determining which 
plants within a given area remain in operation. 

The preceding discnssion provide~ a background for the 
examination of mechanization in the industry during the years 
1920 to 1936. Here, the several ty~s of technological de­
velopments will be traced through the various departments 
of the brick plant. 

One quantitative measure of the rate of mechanization is the 
volume of sales of equipment to the industry. Sales data on 
individual machines and on classes P~ machines also make it 
possible to distinguish types of mechanization. The principal 
source of data used in this report is a field survey of the 
sales of manufacturers of equipment used by the brick and 
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tile industry. This survey will be designated hereafter as 
the NRP machinery-manufacturers survey.7 It included five 
manufacturers of clay-preparation and machine-house equipment 
and three mauufacturers of crushing and grinding equipment. s 

As indicated by the NaP machinery-manufacturers survey. sales 
of brick and tile machinery rose t'o a peak in 1923, 2 years 
before the peak in brick production in 1925. Throughout 
the remainder of the 1920'S equipment sales maintained a 
high level. After 1929, sales declined by 86 percent to a low 
point in 1933 corresponding to an 8q-percent decline in brick 
production. Between 1933 and 1935, sales of brick machinery 
increased somewhat more rapidly than did brick production. 
In spite of this recovery, however, sales of brick machinery 
in 1936 were less than 37 percent of the average yearly sales 
duriog the 19.20'S. 

Additional data on the extent of use of various production 
techniques were obtained in the course of a survey of 108 brick 
and tile plants conducted in 1936 by the National Research 
Project and the National Bureau of Economic Research and 
referred to hereafter as the NRP-NBER 1936 brick-plant survey.9 

At 28 of these plants flow charts of the production process 
were obtained, affording an indication of actual operating 
practice in the industry in 1936. In addition, some data 
wer~ Obtained from almost all the plants on equipment changes 
and their effects on the labor requiremeats for particular 
operations. 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 techniques, it is 
likely that an analysis based on the methods employed by this 
rather small sample may overstate, to some extent, the degree 
of mechanization of the industry. 

Still other material on clay-pit practices was obtained from 
a tabulation contained in a productivity survey of 11 plants 
made in 1922 by the U. S. Bureau of Labor Statistics and 
referred to bereafter as the B18 1922 brick-plant survey.10 
Another survey of clay-pit methods at lao plants by a trade 

'De tle14 "ork was cOD4ueted. b7 tb& JtLt10D1l1 Research Pr'oJect in cool)!ratiQII wIth 
the .. tlonal BUreau of £CODoalc Research. 
Bsee appendix tor- 1IOre detalle4 dl8cusslon or the sunG,.. 
80rha data. 011 _n-ilOl1r.h t1rOductlO1l. and productiVity obtained tn thIs survey were 
publ1abei1 1D. West. ~. en. 
lClwul1D F. I1rt. Pf'<:du:UtlU,. Cads e" Co-er Brka IftlltiSw, CU. S. DePt. Labor, 
Bur. l.&bor Stat.1stics. Bull. No. 368. 192ft). 
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journal has been drawn on and will be designated as the Brick 
and Clay Record 1927 brick-plant survey.11 Each of the surveyS: 
covered plants of somewhat larger-than-average size. Although 
the plants covered in the three surveys are not stric.tly 
representative of the industry as a whole, they represent 
samples of sufficient similarity to justify comparisons between 
the years of the surveys. 

Machinery-sales data furnish the basis for most of the 
discussion, bnt material on equipment in use at operating 
plants enters prominently into the discussion of the clay-pit 
and the drying and burning departments. Throughout, the data 
from the NRP-NBER 1936 brick-plant survey furnish a point of 
reference, both for causes of labor displacement and for the 
extent of use of equipment. Finally, a thorough examination 
of trade journals in the field has furnished information 
necessary to supplement the survey data. The attempt has been 
made to construct from all these sources a picture of the 
rates and types of changes of production techniques in the 
brick and tile manufacturing industry. 

CLAY PI'r 

In 1920 the clay pits of the most advanced plauts were being 
operated on a highly mechanized basis. The characteristic 
process in the larger plants usually involved the use of 
power shovels that loaded the clay onto side-dump cars drawn 
by gasoline locomotives. Where necessary, blasting was eM­
ployed, the holes for the sbots being mechanically drilled 
in most instances. 

A 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 hand into horse-drawn 
carts. An indication of the extent to which hand loading 
was still being nsed is given in the BLS 1922 brick-plant 
survey, which showed that out of 71 plants, 19 were using hand 
shoveling and loading. 1a 

11.Cla7 Pit and lUne 1f&thad.a. I B.,.4,c.01l4 CI4, Reconl, Vol. 70. No. is (June 21. 
11127), 1002-25. , 
120r the 68 plants emplo71ng mechan1cal methods. 46 used POI'fer shovels. 4 used 
dragl1ne. 9 2: used 8craper8~ aOO 1 used. a dredge to talm cla7 from a r1ver bott_. 
It was alao ahovm that the aott-mud. Plants were al1gb.t13 more back'Wal"'d. than tlIe 
aUtt-mUd Pl&nta. $0.8 percent of the aoft-mud plants and. 2"a4 -perct:nt or the 
• tltt-...4 plan'" \l8lns bond l_lng. 
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T.ble 1.- 1.8TA_OB8 or TBS SPPSOTS or MBOB&BICAL LOADIRO 
OB LABOI IIQOIIBMEITB IR TBK OLAY PIt& 

Number of men required 

Year ot per shi~ for 19adinQ 
Equipment. instal- Before After 

17 

lnst.alled latioD lnstal- inst.al- Reducrt,lon 

lation lat.ioD ( percent.) 

Steam shove 1 J 

of cu. yd. 1918 7 2 71 
St.eam shovel, 

.. eu. 7d .. 1926 12 1 92 
Electric sbovel, 

~ cu. yd. 1923 9 3 67 
Electric shovel 1930 7 2 71 
Electric ahovel, 

t cu. ,yd. 1931 5 1 80 
Gasoline shovel, 

i cu. )"d. 1927 B 1 BB 
Sbale planer 1914 5 3 40' 
Shale planer 1920 7 2 71 
Tructractor, 2 t.Oll 1924 6 2 67 

aBased on tHes or NRP-NB&R U~3e br1ek--plant aUM"e7_ EXce'Pt tor the last lte., 
whIch repla.ce4 hor8es and earUt, each 0% the apec1tle4 Installat10ns replaced 
llaD1 labor. 

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

One plant in this survey reduced its labor force in the 
clay pit by 26 men when an electric shovel, locomotives, 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 took place 
throughout the 1920'S. That the rate of introduction of 
mechanical loading equipment was rapid during this decade is 
indicated in figure 3 and table A-7, which show the sales of 
power shovels and locomotive cranes to the brick and tile in­
dustry bJ three companies manufacturing excavating equipment. 1s 

lSl'Cr dlsc.uss loa of tbe al.. of tbeae tbrte CQIJ)&J1Iaa see appeDdlza 
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PI •••• 1.- IIDBX OP VALUE D. SALBS D. POWEI SHOVBLS ABD 
LOCOMOTIVE caAIES TO TBB CLAY~OIIIIG 

I.DUSTaIRS. 1910-1' 

(un=1&o) 

IOOHr--------f----+~~----------~--------------+_------------~ 
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T.ble •• - PIOPOITIOI OP BIICI 'BD TILB PLAITS USIIG MBCKAJICAL 
LOADIBG EQ1IIPMlI'. 'ttlt, un. AIID lU' 

Number Plants using mechanical 
of plants loadin~ equipment 

Brick-plant reporting 
aurveT on load~nQ' 

equipment, 
Humber Percent. 

BLB 1922 71 ~ 73.2 
Brick and CIaI' 

Recore! 1927 120 116 96.7 
IIRP-IIBER 1936& 26 25 96.2 

a lt 18 Int.Astlna to note that 1n the one plant wblch used hand loading thls 
methOd was adOPted 1n 1934 arter the steam shovel preViously tn use bad. worn out~ 
'Tb!. instanci 11187 retlect the 41tUcult Unanclel ~lt1on ot the brick In4U8tr7 
that makea OPiratOl"8 reluctant to a4va.nCt cap1tal tor even tbe mInimum necesaar7 
rePlAcementa or Wor'D.-cNt .qul~nt. 

By tbe end of the 19~O'S mechanization of loading in the clay 
pit Wgs practically completed, as will be seen from the three 
surveys summarized in table 3. 



MECHANIZATION AND PRODUCTIVITY 19 

One important phase of the advance in production technique 
in the clay pit during this period, then, was the extension 
of mechanical methods to those plants which had employed 
hand methods in the clay pit in 1920. Another advance in 
production technique, in that large section of the industry 
employing mechanical methods in the clay p'it, took a somewhat 
different form. By far the most important mechanical device 
employed in the loading operation is the power shovel. The 
period 1920-36 witnessed considerable advance in the design, 
operation, and efficiency of power shovels. Thus, in many 
instances, plants which replaced old equipment by new achieved 
reductions in production costs almost eqnal to those obtained· 
by the shift from hand to mechanical methods. 

A type of change reported frequently in the NRP-NBER 1936 
brick-plant survey was that from steam-powered to electric- or 
gasoline-powered shovels. Steam shovels require the services 
of a fireman and of labor connected with the supply of water 
and fuel in addition to that of the operator. The adoption of 
"electric- or gasoline-powered shovels enables clay-pit opera­
tors to dispense with these service functions and consequently 
shows marked advantages over the use of steam shovels. The 
three surveys mentioned previously reflect the shift from steam 
to other forms of power in mechanical shovels (see table 41. 

T.~l ••• - DISTIIBUTIOB or POWEI SBOVELS USBD IB CLAY PITS. 
BY IIBD or POWE •• 1.11. I •• f. AID I ••• 

Number Percent. of shovels using -
Brick-plant. of 

surve7 St.eam Elect-ric Gasoline 
shovels power power power 

BLS 1922 <Ill 93.3 6.7 0 
Brick and Cl~ 

Record 1927 102 56.9 30.1 11.0 
HRP-HBER 1936 29 48.3 37.9 13.6 . 

Thus, the major economies reSUlting from the shift from steam 
to other more economical forms of power appear to have been 
realized for the most part during the 1920'S. This conclusion 
is in agreement with data on sales of power shovels to the 
industry. which show only a negligible volume since 19a9 
Isee figure 31. 
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The shift away from steam-powered shovels was at first toward 
the electric-powered type, amd 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 began, to 
gain favor. Thus, although there were no gasoline shovels in 
any plants surveyed in 1922, 11.0 percent of those surveyed 
in 1927 and 13.8 percent in 1936 used this type. 

The rate of introduction of gasoline shovels seems to have 
stabilized in relation to the electric type. In both tbe 
Brick and Clay Record 1927 and NRP-NBER 193~ brick-plant 
surveys tbe percentage of gasoline to the total of gasoline 
and electric shovels was 26.,. That tbe electric type is of 
more recent introduction than the steam shovel and the gasoline 
type more recent than either is shown by the fact that in the 
NRP-NBER 1936 brick-plant survey the average age of shovels 
in nse in the plants surveyed in 1936 was 20.S years for steam 
shovels, 11.9 years for electric shovels, and ,.0 years for 
gasoline shovels. 

Another important factor in the efficiency of power shovels 
is their size. At, or near, capacity operation, tbe operating 
cost of the power shovel per unit of output decreases with an 
increase in the capacity of the equipment. Labor costs in 
particular show little or no change with an increase in the 
capacity of the shovel. According to one manufacturer report­
ing in the Brick and Clay Record 1927 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; i cubic yard, 2.16 cents; and 1 cubic yard, 
1.76 cents. 

Medium-sized and small brick plants are not 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 1927 indicated the over­
whelming popularity of this size and the survey of brick 
plants in 1936 on the whole substantiated this conclusion 
lsee table 51. 

, 
The large shovels, of 2' and a. cubic yards of dipper ca- .. 

pacity, which appear in the NRP-NBER 1936 brick-plant survey 
are all in four plants in the Chicago area owned by one of· the 
largest brick companies in the country_ 
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Tabl. '.- _UMBEl or PLA.TS VSIRa POWEI SBOVILS. SY CAPACITY 
or DIPPEl. It., AHD 1.1. 

Dipper 
Brick-plant survey 

Dipper 
Brlck_plan~ survey 

capacity Brick and capacit,3 Brick and 
( cubic Clay HRP-NBER (CUbic Clay HRP-NBER 
yards) Record 1936 yards) Record 1936 

1927 1927 

.!. 2 0 1 4 0 • , 
2 1 1"1- 1 0 .. 

.!. 3 4 It 1 0 • • 0 1 .. 2t 0 3 

.!. 6'7 15 2t 0 1 • , 
'i 2 0 

Other significant reductions in operating 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-plant survey 
the substitution of a steam shovel mounted on flat wheels for 
one mounted on rails reduced the shovel labor force from four 
men to two by eliminating the two men associated with the 
laying of rails. In another plant covered in the same survey 
the substitution of a shovel mounted on crawler treads in place 
of one mounted aD traction wheels eliminated the services of 
three men who had been previously 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 at a steel framework which supports a cutting 
chain carrying a series of knives that operate directly on the 
wall of the clay pit. The planer removes shale in small 
pieces suitable tor immediate final grinding without further 
reduction. This equipment eliminates the necessity for blast­
ing and for preliminary crushing. One brick plant surveyed 
in 1936 was able to eliminate the services of five men by the 
installation ot a shale planer, and another was able to reduce 
the number of men required in clay excavation from five to 
three by the use of this equipment. 
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.,. - lIat lona_ ..... rch Project (I',..) 

FlO.l ••• - NECHUICAL EXCAVATINa AND LOADING IN THE CLAY PIT 
The clay cars, atter having been loaded, are hauled by locomotive to 

the toot of the Incline (Shown in the background) leading to the c1a1-
preparat ion department. The cars are hauled up the incl ine by cable. 

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 nUMber 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 plauts in 
1~0. 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 tbe distance to the crushing bonse. Tbe 
decline in the use of animal power is indicated in table 6. 

There also appears to be a trend, less aarked, away from tbe 
use of cable baulage alone and toward tbe use of locomotives -i~ ' 
combination with cable hauling. 

It seems likely that the increased usage of locomotives iu 
conjunction witb cable haulage reflects tbe fact that tbe 
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Ta.l. e.- PROPORTIOX or BRIC~ AXD TILl PLANTS DSIKO 
AXIMAL POWER POR HAULIIG PROM TBE CLAT PIT, 

nit, Un,AKDuse 

23 

Number Plant,s using animal power for 

Brick-plant of plants all or part of the hauling 

survey reportin~ 

on hauling Number Percent. 
methods 

BLS 1922 • 71 11 15.5 
Brick and Clay 

Record 1927 37 3 8.1 
NRP-NBER 19S8 22 1 4.5 

Ta.l. f.- paOPORTIOI or BaIC~ AID TILl PLAITS VSIBO OBLT 
CASLI RAULAGB 'IOU TIl CLAT PIT. 

UII,lIn,AlDU" 

Number Plants using cable 

Briek-plant of plants haulage only 

survey reporting 
on hauling Number Percent 

met.hods 

BLS 1922 71. - 23 32.4 
Brick and Clay 

Reeord 1927 37 5 15.2 
NRP-NBER 1935 22 :; 22.7 

extension of quarrying 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 mechanization of trans­
portation are illustrated by several changes in the plants 
surveyed in 1936. One large plant succeeded in reducing the 
labor associated with clay transportation from 23 men to S by 
the introduction of a gasoline locomotive and clay cars. 
Another. which replaced horses and carts by a locomotive 
and clay cars in 1926, showed a resulting reduction in the 
transportation labor force from five men to one. 

The net effect of the mechanization in the drilling, exca­
vating, and transportation operation3 of the clay pit has 
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been to reduce sharply the operating costs in this section 
of the brick industry. In the Brick and Clay Record 1927 
brick-plant survey, data on clay-pit costs were available for 
18 mechanized pits employing power shovels and locomotive- or 
hoist-dralfll clay cars and for 3 plants in which hand excavating 
and horse-drawn carts were used. These data show a marked 
competitive advantage in favor of the mechanized plants. While 
the average labor cost for clay per thousand brick in the 
unmechanized pits was $0.894, that in the mechanized clay pits 
was only $0.311; over-all costs, including snch factors as 
depreciation as well as operating expenses, were $1.621 per 
thousand brick in·unmechanized pits as against $0.732 in those 
that were mechanized. 

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

Tall_ •• - CLAT-PIT COBTa pal TBOVa.ID BBICI. 
BT C~P~CITT or PLAIT. 1tl,a 

Capacl1.:v Costs per thousand brick 
of plan1. lIumber of 

(1.housanda plan1.s To1.al Labor power 
of brick) 

0-&0 " $1.264 $0.506 $0.1114 
41-80 " 0.661 .S1'7 .063 
81 Or over 4 0.564 .228 .066 

In considering these fignres, it should be remembered that 
the results are necessarily qnalified by the small number of 
plants in the sample and by the fact that, because of the wide 
diversity of operating conditions in various plants, eac~ 
capacity group shows in itself a wide variation. These figures 
indicate, however. that the greatest difference in costs lies 
between the sma11- and medium-sized plants and that the major 
difference of cost between the medium- and large-sized plants 
comes from the reduction in labor requirements. 

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

In the preparation of clay for the molding operation the 
shale 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-mud 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 tecbnique of clay prep­
aration has been the insertion of preliminary crushers into 
the flow ahead of the pans. In some plants the practice 
still prevails of breaking up the larger lumps of clay or 
shale by sledge. The elimination of this manual labor, by 
the introduction of preliminary crushers. in many instances 
accomplished marked reductions in the labor requirements. In 
the NRP-NBER 1936 brick-plant survey and in the trade journals 
there were reported. as a result of the installation of pre­
liminary crushers, reductions in the labor force from 12 men 
to 2,1- from 11 to 4,18 from 10 to S. and in two instances 
from 8 to 1. 18 

Even in those instances in which manual labor was not re­
quired for the primary reduction, significant economies were 
achieved by the addition of preliminary crushers. Preliminary 
reduction of tbe clay rednced the power requirements in the 
pan. made possible savings in the repair and maintenance of the 
pan by eliminating the strains imposed by large pieces of clay. 
and increased the pan capacity.l? 

In the soft-mud plants and in stiff-mud plants using more 
plastic clays which would clog a pan. clay preparation has 

t4ecruaher. J:lnator alUl Fee4ttn saft 'Ten lieD •• BY'c. CIftd 010" leconl, Vol .. M. 
110. 13 (JUDe 23. 1825). 888. 

16avb7 Do Prttllallll.l7 O!"ush1ng~ ..... k. Old CLs, RKoni. Vol.6&. Mo. 13 (June 23. 
19£5), ~-e. 
1~ 1_ br1c ..... lant ._7. 
1?'WIIJ no Pre1_1'7 CNoblJl&?' Ioc. cU. 
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generally been accomplished in several steps involving a 
granulator with revolving knives that cut up the soft clay, 
conical rolls tbat remove stones from the clay, and smooth 
parallel rolls that accomplish the final reduction. No c~ange 
occurred in this process during the years 1920-36, the practice 
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 introdncing gradual reduction is 
shown by an examination of the data on sales to the brick 

"""-- ....,. 
IU'IIO STIf'I"-W\D 
IILAHT3 us~ 

ou.mc ....... 

rl •• ,. 1.- CLAI PIBPAIATIOI 

.,. - Matlonal R .... reh projut 

lI-16 

The dry pan is standard 10r grinding in most stiff-mud plants. The 
ground material drop's through the 51 its in the floor plate or is discharged 
over the rim. U ls then screened, and the coarse overtails go back to 
the pan for regrinding. sometimes a preliminary crusher is used before 
t he dry pan. 

In soU-mud plants or In stiff-mud plants using plastic clays the 
gradual-reduct Ion system is usually employed. It consists ot a granulator 
whose revolving knives break up lumps of clay .. & set of conicaT rolls to 
remove large stones 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 grinding equipment {table 
A-3 and fignre 61. There was a tendency throughout this 
period to take advantage of the ecouomies associated with the 
use of preliminary crushers auxiliary to the pan. This is in­
dicated by the proportion of total sales of crushing equipment 
accounted tor by pans, which shows that tbere bas been a steady 
drop in the relative importance of pans. During the 1920'S the~" 

percentage of total sales of crushing and grinding equipment 
accounted tor by pans tell from 87.9 percent in 1920-22 to 
76.S percent in 1927-29. This decline was steady throughout 
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this period 01 sUbstantial sales and indicates that brick 
plants were tending to install preliminary crushers in larger 
numbers throughout this period. 18 The marked decline in the 
relative importance 01 pans in the period 1934-36 continues 
this trend, although the significance of the data is qualified 
by the small volnme of sales. 

Some indication of the extent of the use of multiple-stage 
reduction is given by the NRP-NBER 1936 brick-plant snrvey. 
Of the ~S stiff-mud plants reporting on crushing eqUipment, 
40 percent employed pans only. ~o percent nsed pans with 
preliminary crushers. and 40 percent accomplished the reduction 
in two or three stages involving the nse of granulators and a 
variety of roll crushers. Only one of the six sOft-mnd plants 
employed the pan except for the regrinding of cull brick. 

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

~eor :5:5 stUf-aud plants reporting on e~ulpJlent changea to the NRP-JfBER 1938 
brick-plant surve7. 12 reporte4 changes In tbe crusblng departwent; or the ? 
aoft .... ud plants report,lnl e4ulpaent eMnges. ClllJ' 1 reported & cllange In the 
crushll11: del)&rtllent. 
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have taken place during these years are of considerable in­
terest. One of tbe major points of emphasis of engineering 
design bas been to increase the grinding power of the mulIers 
by increasing the force with which they press on the revolving 
pans. Th is has been accomplished in some cases by simply 
increasing the weight of the mullers. In one machine it has 
been done by using pneumatic pressure to increase the force 
with which the mulIers press against the grinding plate, 
so that mullers weighing only 3 tons bave been capable of 
producing a pressure equivalent to that of 13-ton mulIers. 

A second point of engineering emphasis has been to increase 
the amount of material circulating through the dry pan. This 
has been accomplished by widening the slits in the grinding 
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 bas been increased 
by as much as so to 7S percent by increasing the circulating 
load. 19 The technique employed in these cases is known as 
closed-circuit grinding and involves the return for regrinding 
of coarse material which does not pass the screen, thereby 
eliminating the overgrinding of material and the resultant 
cusbioning by the finely ground particles. 

The net effect of the increase in the grinding force of 
the mulIers and the increase in the discharge with closed­
circuit grinding bas been to decrease the power consumption 
and at the same time to increase the capacity of tbe dry 
pan. eo The extent of use of tbe closed-circuit technique 
is indicated by the fact that of the '4 plants employing 
dry pans in the NRP-NBER 1936 brick-plant survey, 13 used 
tbe closed-circuit method. 

MACHIIIE BOUSE 

Tbe machine house is the center of the forming operations 
involved in the production of brick. In discussing its mech­
anization, three periods may be distinguished since 19~O: 
first, the years trom 19~0 to 19~5, in which production was 
generally rising to the post-war peak in 19~5; second, the 
years from 19~6 to 1931, which represented a period of stable 

ie·clay PreoaraUon.' B,..ic_ OM Cloy Raconl. Vol. 77. NQ. 14 (Dec. ao. 1930). 
790. 793. 79$-7. 
20p • B. 'Read. -DeVelopments In Dry Pa.n construction,' B,..(eA c",1d 014,) I.cord. 
Vol. 86. No.5 Is •• t. 2. 1924). =-3. 
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production until 1929 followed by a rapid decline; and third. 
the years from 1932 to 1936. 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 1925 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 production costs or improving the quality 
of the product. 

As the objective in former days was productioD, the 
chief purpose for developing new machines ~oday 1s to 
lower the cos~ of production. Altho many of the im_ 
proved machines carry increased capaoity with them as 
one of its advantages, it is rather complementary to 
the real reasons for developin~ a new machine, which 
are lower productlon costs and better products.21 

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

In 1920 the great majority of soft-mud brick plants used 
molding machines that required a great deal of hand labor. 
The only function performed by the typical machine at 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 loosen the formed clay was 
performed by hand • 

The AutoBrik machine, which performed all these tasks anto­
matically. was introduced in 1920. This machine. wbich could 

• 
~1·Bettel' Cl&7 MachInery is Making Old Types Obsolete.,- Bi"'cJl4* Cia) .acord. 
VOla 74, NO. 8 (AW4 9. 1929) I 635. 
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produce froM 60,000 to 120,000 bricks per day ,22 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 plant, 2 AutoBrik machines produced 
an output equivalent to that of 1~ of the older units;23 in 
another , 1 AutoBrik machine replaced 10 old machines with no 
decline in output;24 in a third, the number of men required 
was reduced frOM 5 to 2. 26 

Information received from the manufacturer of these machines 
indicates that · the sales were largest during the first ~ years 
of introduction. No information was available on the volume 
of sales in 1920. FrOM 1921, sales increased to a peak in 1923 

and then fell irregularly until 1928. During the years frOM 

FIiUIl:E 8.- AUTOMATIC SOFT-MUD MOLDING MACHINE 

The -.n in the foreground is piecing a pallet i n the INlc tdne. The green 
brick in t"e rtl old are eutomat leally bumped onto the pallet which then 
slides down the gravity conveyor. 

22CLs) Pralw:C$ C)t'loll8di4 ~ud Iqu'''''C CGta'cw (34 ed.; Chicago: JDltUstrlal Pub­
llcatlaoa. lBO . , 1926), p. 27&. WorlUDC da;r.s ot Bam 1.2 boura bIlve been assUMd. 
23_, RIt •• l a ttoD on the Hudson River.- 'r'c. Qftd C&a, '.cord. Yol o 83. Mo •• 
(Aua. 21, 1823), 268-... 

24P'r'~ HRP-tIIER l~ brlck-plaBt 8UJ"'t'.,.. 
!SIbU. 
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1921 to 1928. 118 automatic machines were installed. After 
1928. sales declined to a negligible amount and by 1936 ~ad 
shown no tendency to recover. In the period from 1921 to 1936, 
130 automatic machines were sold. 26 

In view of the savings possible with these machines, it is 
remarkable that the rate of introduction 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 in others it is 
possible for manufacturers to continue employing less efficient 
equipment. Over four-fIfths of the automatic machines went to 
plants in the densely populated and highly competitive.area 
constituting the States of New York, New Jersey, Pennsylvania, 
Connecticnt', and Massachusetts, whereas only one-fifth of the 
nonautomatic machines were sold to plants in these States. 
Almost four-fifths of the largest automatic machines and over 
one-half of the medium-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 saturation; 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 machine. The growing demand 
in recent years for sand-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. 2 ? However. it would seem that a more 
sUbstantial recovery of the brick industry is a prerequisite 
for a further rapid extension in use of this machine. 

The automatic brick machine came at an opportune time for 
the sott-mud brick manufacturers. since tbe inefficiency 
of the older nonautomatic machines in comparison with the 
stiff-mud process bad placed a severe bandicap'on soft-mud 
plants operating in competitive·areas. Thus. machine-bouse 

M'n1t 93 IItlchlnea 801d by 1926 were Installed In '15 plants. 
27Letter trom the manuracturer. Aug .. 18. 1938~ in rUes or llPA. NatIonal Research 
ProJect, .Stud1&s In i:qulpment. Changes and tndustrlal TeChniques- section. 
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man-hours per thousand brick were 17.7 percent higher in 
sott-mud_plants than in stiff-mud plants in 1922 according to 
the survey of the Bureau of Labor Statistics, and over-all 
unit man-hour requirements were 28.2 percent higher. The 
NRP-NBER 1936 brick-plant survey indicates that the over-all 
requirements of the soft-mud plants were only 6.8 percent 
higber and that the two largest soft-mud plants had 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 any 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 than they enjoyed at the start 
of the 1920'S. 

Sales of the various kinds of machinery to stiff-mud plants, 
shown in table A-4 and figure 9, exhibit-similar patterns, 
i. e., the peak in sales occurs in the middle of the 1920'S. 

_ An examination ot tbe percentage of total sales accounted for 
by individual machines (figure 9. indicates that in the choice 
between individual machines the emphasis after 1925 was on 
those machines capable of reducing prOduction costs. 

The pugmill, which is also used in soft-mud plants, renders 
the clay homogeneous by mixing it thoroughly. In the auger 
machine the clay is formed by extrusion of a column from 
the rectangular die of the machine. The machine combining 
these two operations and thereby making it possible to elim­
inate the functions of the pugmill operator was introduced 
by Chambers as early as 1892. Some clays, however, required 
a more thorough pugging, and it was not always possible or 
desirable to substitute a combined machine for separate pugmill 
and auger machines. The improvements which were made during the 
1920'S in the combined machine widened the possible field of 
application. As a result, the ratio of the sales of combined 
brick machines to sales of augers increased during the 1920'S 

(table A-41. During the years 1920-22, 70.6 percent of the 
total sales of these two machines were accounted for by com­
bined machines. In the period 1926-28 this percentage rose 
to 79.2; in 1929-31 it continued its rise to 86.9. The rise 
in the proportion of sales accounted for by combined machines 
was interrupted, however, during the period 1923-2S' This 
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period was one of rapid expansion in the production of brick 
which stimulated the return to productiou of many of the 
marginal plants which had ceased operating during the decline 
in production of the war years. In the rehabilitation of 
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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 
both 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 technique 
during the years 1920-36 was the introduction of deairing 
machines in 1932. This equipment was devised to reduce the 
high percentage of loss in the manufacture of brick caused 
principally by laminations in the brick due to uneven ex­
trusion. It consists of the usual combined machine or auger 

• • 
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hta-Root-N •• th co. 

FIGURE 11.- PUGMILL. AUGER. AND CUTTER 

The combined pugnliTl and auger is shown extruding the clay after it has 
been thoroughly pugged. The cont inuous colurJln 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 ~1.4 percent for 
common brick. f8 

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 plants, 
hawever, reported significant increases in the percentage of . .... 
marketable br lck. A large number of plants were also ' all Ie to 

," ',-

produce a stronger, denser, more uniform, and general13 higher 

IS.Dt11rlDS or Cla)'W8re,. Irk" OM C-14, '.cord. Vol. 8e. NO.1 {Jan: 1~5)1 12-6. 
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qualitf brick. A number of other plants found that they were 
able to employ raw materials which could not be worked by 
ordinarf machines, and otbers stated tbat less pugging was 
required. 28 The several advantages of deairing meant, among 
other things, increased labor productivity since more units of 
parketable brick are produced with the same labor requirements. 

Th~ increase in the sales of deairing equipment was extremelf 
rapid afte.r the introduction of the equipment in 1932 (table 
A-4 and figure 91. The NRP machinery-manufacturers survey 
shows that sales for 1933 were more than two and one-half times 
those for 1932, that after declining in 1934. sales increased 
in i93S to a value near If three times that in 1933. and that in 
1936 they increased by an additional 10 percent. 

Tbis increase was in large part due to the industrf's partial 
recovery. which coincided with the period of introduction 
of deairing equipment. The increase in the sales of this 
equipment after 1932. however, was much more rapid than that 
of ot ber items. 

The magnitude 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 anxious to take 
advantage of these savings. The extent to which the industry 
is adopting this machinery is indicated by tbe fact that 11 of 
the 4S plants covered in tbe NRP-NBER 1936 brick-plant survef 
had installed deairing equipment since 1932. 

The relative importance of the sales of brick-forming ma­
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 equipment 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 soft-mud 
machinery during the first balf of the 1920'S are a result 
of a campaign of modernization of soft-mud plants by the 
purchase of automatic brick machinery. Those brick plants 

29rhe reduction In tbe amount or necessar7 puggIng Is IndIcated br the tact tbat 
the t7Pieal dealring _chine Is 8. cOlftlllned machlne, wblch usually means that a 
811811er pugSlng claaDi)er Is ellPloyed than In cases where a separate pugal11 Is used. 
{ndeed* there has actuallJ been some ditticUlt)' In addIng deairlng attachments to 
augers "hen preceded b78. long pugm1l1 sInce the c1&l was overpugged. one plant 
'If&$ &01. to SUbstitute an a .. root tor 8. 22-toot puggtng chamt)er wIth a correspondtng 
re<luctlon lit borftPawer require_nta trCID. 276 to 1.26 eibid., p~ 16). 
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installing automatic soft-mud machines succeeded in achieving a 
substantial reduction in their man-hour requirements. When 
they also operated on a highly mechanized basis in other 
departments, they achieved a level of labor productivity 
comparable to that of the most advanced stiff-mud plants. 
However, the soft-mud plants operating without the automatic 
equipment represented a generally older and less efficient 
section of the industry than that section comprising most of 
the stiff-mud plants and the soft-mud plants equipped with 
automatic machines. Most of those soft-mud plants which did 
not strengthen the~r competitive position by the purchase of 

automatic machinery during the period of rising production in 
the early 1920'S were apparently in DO position to do so during 
the period of restricted demand in the 1930'S since ·this step 
required a sizeable investment. Therefore sales of soft-mud 
maChinery declined particularly sharply after 1928 and failed 
to recover after 1932. 
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On the other hand, a continuous process of development in 
the relatively less expensive stiff-mud machinery encouraged 
modernization without producing a sharp rise in equipment 
sales. The development of deairing equipment in 1932 stim­
ulated stiff-mud machinery sales at a time when the demand 
for soft-mud machinery was particularly weak. 

A comparison of the sales of new machinery with the sales of 
repairs30 Itable A-61 throws additional light on the character 
of the mechanization in each of these periods. In the years 
from 1920 to 1925 brick production was increasing rapidly, and 
a large number of plants which had ceased operation during 
the wartime depression in brick production 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 1926 

to 1929 was marked by a high level of new-machinery sales 
which is probably indicative of an increased effort to achieve 

. a favorable competitive position by the utilization of the 
cost-reducing features of new machines. It appears that from 
1932 to 1936 the recovery of brick markets was not strong 
enough to call forth a large volume of rehabilitation work on 
idle plants, for during these years new-machinery sales repre­
sented 61 percent of the small total volume of sales. 

Besides the more striking changes in machine-house equipment 
in both soft- and stiff-mud plants there have been a number of 
refinements in equipment which have had an important cumulative 
effect. Typical of such changes is the application of anti­
friction ball and roller bearings which have achieved savings 
in power of 20 to 30 percent and reduction in the quantity of 
lubricant employed of 70 to 80 percent.31 

Better steels, direct-coDnected motors, housings made of cast 
steel rather than cast irOD, double shafts in pugmills and 
augers, and multistream dies are characteristic improvements 
in brick machinery in recent ·years. The objectives of these 
changes have been, uniformly, to reduce lubrication, power, 
and equipment costs. 

3~pa.lrs tnclUCle sales ot repe.lr parts and. charges tor rebUlld1n8. 
SIL. It. J(llne41n.st. ·Antl-Frlettanlns or Heavy Dut, ClaY )tschlDer;y.- Brk. tud Ckl, 
Record, Vol. 76. No. 6. (Mar. 11. 1930). 307-1Ch 
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Wl~h the building of sturdier machInes, with less 
wearing parts, better lubrication, use of bearings in 
consuming less power, the modern machine is achieving 

-Its purpose in belping to cut down the manufacturer's 
operating costs. 32 

DaTuro 

The green brick as it comes from the molding process contains 
a considerable quantit1 of moisture that mnst be removed before 
it cau be set in the kiln. Soft-mud brick, in particnlar, is 
so plastic when it comes from the molds that it cannot be 
handled until after it is dried. 

The use of artificial driers instead of open-air methods 
was introduced before 1920. but the elimination of open-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 transporting from the brick-molding machine to the 
drier and from the drier to tbe kiln, the generation of the 
heat required in the drier, and the control necessary for 
efficient use of the heat. 

Traditionally, drying was accomplished by placing the brick 
on the ground in the open air or in sheds with roofs that were 
constructed in sections so that they could be either lifted 
to let in sun and air or closed to shut out rain. In the 
nineteenth century artificial drying was introduced in ~n 
effort to decrease the time of dr1ing and hence to decrease 
inventories and the necessary drying area. Only 24 to 48 hours 
were required for artificial drying in 193633 compared with 
7 to 10 days needed by the open-air method. 34 

By 1920 the majority of plants we.re using artificial drying. 
In the surve1 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 26 soft-mud plants. on11 9 used natural drying. but 
2 employed steam in addition to the open-air method. Of the 53 
plants which reported on equipment changes in the NRP-NBER 

I 

-.Setter CIQ' tlacltlnel'7 Is "&k1DS 014 'lYDea Obsolete •• 
33".. MRP-NBER 1838 brick-plant aul"N7. 
~lrll. .;. tH •• O. 66. 

Ioc. cit. 
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brick-plant survey, 2 stiff-mud plants and 1 soft-mud plant 
showed a shift from open-air to artificial drying. In one, the 
labor required in the drying department was reduced from four 
men to one. Of the 28 plants for which flow charts were made 
in this survey, none employed open-air drying . 

••• 411 •• I. ,~. Dr~l •• Proc ••• 

The first operation in the typical system employed in stiff­
mud plants is the hacking of the brick from the brick machine 
onto the drier cars. The cars, which run on rails, are then 
taken by a transfer car to the appropriate track leading into 
one of a series of tunnels that make up the drier. The cars 
are pushed into the tunnel, lett nntil the drying is completed, 
and then transferred to a point near the kiln 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 in 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-mDd plants. 

The principal advance in recent years has been the intro­
duction of power-driven transfer cars, usually electric, which 
markedly reduce the time aDd effort reqnired to carry the cars 
from the machine house to the drier track and then from the 
drier track to the kiln. Electric transfer cars were in use 
between the machine house and drier at 4 of the 27 plants 
covered in the 1936 survey and between the drier and the kiln 
at 10 of these plants. 

At the soft-mud plants bricks leave the machine in a state 
too soft for individual handling. They are therefore dis­
charged tram the mold onto pallets which hold several bricks. 
These pallets are then either stacked on drier cars or carried 
directly to the drier by conveyor. In those plants in which 
the pallets are stacked on drier cars, trausportation to the 
drier and from the drier to the kiln is accomplished in the 
same way as in stiff-mDd plants. In these plants a significant 
reduction in labor has been accomplished by the introduction of 
electric transfer cars. 

A system used ia conjunction witb tbe AutoBrik machine 
sharply reduces the handling labor by mechanizing the car­
stacking operation so that the green brick are stacked onto 
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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-mud plants covered in the 1936 survey. 

Fael Beo.olll, 

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 quantities of heat have to be 
thrown off. By running tunnels from the kiln to the drier and 

IPA- Ihtlona' Ru .. rch Project (8',..) 

FIGURE 1).- DRYING ,IN. SOFT-MUD F~4Nr 

The pallets of brick are taken into the drier shed oy cable conveyUr, 
They are then placed in position on the steam-pipe racks by hano",care 
being taken not to touch the soft green brick. When sufficiently aried. 
they are taken to the kiln. 
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drawing oft the hot air from the cooling 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 1920. 

Of the 40 stiff-mud plants surveyed by the Bureau of Labor 
Statistics in 1922 which employed artificial drying, 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 beat. 

The shift to the use of waste heat was in full swing during 
the early 1920'S and continued unabated thereafter. The change 
from direct or steam beat to waste beat was reported most 
frequently after 1929 wben difficnlt operating conditions put 
a premium on all possible economies. In 1936 the use of 
waste-heat drying in stiff-mud plants appeared to 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 plants, 
varying from as low as 24 to as bigh as 60 hours. Sixteen of 
the plants using waste beat 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 other two 
used direct heat from fires under the driers. 

In the soft-mud plants the advance in drier technology 
appears to have been limited to the shift from the open-air to 
the artificial method •. Steam is the most desirable form of 
heat for these plants since the steam pipes can be formed into 
convenient racks for the pallets of green brick. Of the 
a6 surveyed by the Bureau of Labor Statistics in 1922, the 
17 soft-mud plants which employed artificial drying used 
generated steam as the source of heat. The six soft-mod plants 
which were covered in the NRP-NBER survey of 1936 all employed 
artificial drying and generated steam as the source of beat. 
The average time required by these six soft-mud plants for 
drying was a2 hours as. compared with q2 hours for the stiff-mud 
plants employing waste heat. 
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Besides these major changes in the technology of drying some 
effort was made to increase efficiency by the introduction of 
auxiliary equipment snch as fans and temperature and humidity 
recorders and 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 1936 used induced-draft fans, a good many of which 
had been introduced since 1920. None of the soft-mud plants 
were so equipped. The use of instruments in the drier was much 
more limited. Only 3 of the 22 stiff-mud plants reporting 
on this equipment in the 1936 survey employed any form of 
instrument in the drier. One of these three instruments was a 
temperature recorder, another a temperature and humidity 
recorder, and the third an automatic temperature aud humidity 
recorder and controller. Of the six soft-mud plants surveyed 
in 1936, none employed instruments. This type of equipment 
seems to offer an opportunity for considerable savings and 
improvement in quality with a very small investment. 

BUIIIIIIIG 

In many ways the burning department is the most· important 
one in the brick plant. The quality of the final product 
is largely determined by the skill with which this process 
is carried out, for it is in the kiln that the formed clay is 
burned into hardened brick. The fuel consumption is enormous 
in relation to the value of the product since from • to Ii 
pounds of coal are used ,per brick produced. 35 In 1925 the 
manufacturers of clay products comprised the third largest 
industrial consumer of coal. le Labor costs are also very 
high, for in the great majority of plants every brick is 
handled individually in the setting operation, and the BLS 1922 
brick-plant survey found that one-quarter of the total labor 
of the brick plant was expended in the burning department. 37 

In addition, the process requires 5 to 10 days.8B 

86slmaense Saving w1th Cont1nuous S7Stem or Bu~nlngt· B~jc. oftd Cia~ 'ecoy,d. 
Vol. 6e, Ho. 4. (hC. 10. 1920). 822-6. 
seClaJ' Prcxtuets C~loged1a a.nd Iquloment CatalOl. p~ M. 
S7IDC1Udei setting labor. 
3BxlrJr, .... cU .. p. 611. 
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The major objectives of technological effort in the burning 
department are economy in the use of fuel, reduction in the 
tremendous amount of labor involved, speeding up the process 
in an effort to attain a faster turn-over, and achieving these 
ends without a sacrifice iu the quality of the brick. The 
attainment of these objectives during the period 1920-36 took 
the forms of the substitution of fundamentally different types 
of kilns for those in use and, more important, the addition of 
auxiliary equipment to, and modifications of, existing kilns. 

During the early 1920'S the great majority of plants employed 
rectangular kilns. Capacities range from 25,000 to 1,000,000 

bricks, and the most usual size is from ~oo,ooo to 600,000. 39 

Most rectangular kilns are permanent structures, but at many 
plants, notably in the Chicago area, temporary or scove kilns 
are in use. Temporary brick walls for the permanent shed of 
the scove kiln must be erected for each individual burning 
after the bricks are set. 

The round or beehive kiln was also in use in mauy plants 
at the beginning of the 1920'S. It is relatively small with 
a maximum capacity of only 50,000 bricks'o as compared with 
1,000,000 for the rectangular type. In general, beehive kilns 
employ downdrafts and show a somewhat higher efficiency in 
the utilization of fuel than do the rectangular kilns. One 
advantage of tbe permanent beehive kiln over the rectangular 
scove kiln is that it does not require the labor necessary to 
set tbe kiln walls. This advantage is offset in most cases, 
bowever, by the fact that the cars can be run only to the 
narrow entrance of the beebive ~iln, whereas in the rectangular 
type the loaded drier cars can usually be run into the kiln 
adjacent to the point of setting. Furthermore, the fireboxes 
are less centralized in the separate beehive kilns than in 
the rectangular kilns, and so the labor required for firing 
is greater. 

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

39IbU ., p. 68. 
40Ibld• 
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Ordinarily, with separate rectangular or beehive kilns, oper­
ation is intermittent. In each. unit the brick are set and 
the fires started. The burning then proceeds in three major 
steps: first, water-smoking, in which a moderate temperature 
is used to drive out whatever moisture has been left in·the 
brick from the drying process; second, the actual burning at a 
high temperature, in which chemical and physical changes in 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 tbe brick and in tbe kiln walls is allowed to dissipate. 

There are three major sources of inefficiency in this proc­
ess. First, fuel is required to heat the kiln in the water­
smoking stage and to bring the kiln up to burning temperature. 
Second, during the burning the flue gases in the combustion 
chamber are ordinarily allowed to escape from the kiln without 
further utilization. Third, the large amount of heat left 
in the bricks and in the kiln walls at the end of burning 
is permitted to escape. 

Striking economies have been effected by the application 
of a continuons system of burning whereby the flue gases 
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The continuous rectangular kiln is divided into a number of cha~ers. In 
only one chamber. number 6, are the 'ires actually lighted to maintain t~e 
rinal or burning temperature. The draft of air for the firing etlamller is 
drawn through cnambers 5. '. ,. and 2~ Whicft contain Ourned brick in 
various stages of cooling, so that the cold air is preheated before reech­
ing the combustion chamber. from the firing chamber the hot gases are 
drawn through chanbers 7. a. and 9 In order to preheat the thoroughly dried 
out unburned orick already set in those chambers. Chamber 10. used for 
water-smoking the frestlfy set brick, drews hot air only from the last two 
cooling cnemoers. since gas fro~ the comoustlon chamber contains chemicals 
Which would produce. scum on undried IHick. In Chamber 11 the green brick 
are being set, and in chamber 1 the completely cooled. finished brick are 
be~n9 unloaded. Arter ttle burning as completed in ehameer 6~ the sallie 
procedure is rollowed but shifted to the next chambers in rotation~ the 
fire .being lighted in J. the water-smoking going on in u. the green brick 
Oetn9 set in 1. and the finished Orick being unloaded from 2. ThUS~ all of' 
the operations involved in the burning 0' brick a.re carried on continuously 
in thIS type of kiln. 
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Q~ Equip.ani CGiGlol. 1926 ed., 
pa 208 

IP1 .. H,tlonal R •••• reh Project 

11-23 

The operatlon of the beehive kilns connected in the Minter System is 
analogous to that of the conttnuous rectangular kiln descriDe4 in the 
preceding diagram. except that the connection oetween chambers in various 
stages is made by means of tunnels. Heat from the cooling kiln is used for 
Doth preheating and water-smoking. and the hot flue gases from the burning 
kiln are drawn into the preheating kil~. 

are used in preheating unburned brick and the heat of the 
cooling bricks is used to preheat the air of combustion and 
to water-smoke the green brick. 

The continuous system of burning is applied to rectangular 
kilns by dividing them into chambers by means of temporary 
walls with the brick in each chamber in a different stage 
of the burning process. The operation ot the continuous 
rectangular kiln is illustrated in figure 1~. This contin­
uous burning system is also applied to a group of beehive kilns 
by connecting them with a system of tunnels. The operation 
of this method, known as the Minter System, is illustrated 
ill figure 15. 

The Minter System has produced striking increases in the 
fuel efficiency of beehive kilns. Beehive kilns operated 
intermittently require from 1,000 to 1,500 pounds of coal per 
thousand bricks burned,41 wbereas the continuous system employs 
about 500. 4e It is also possible to achieve a larger output 

4t· ItrIIlense ~avlng with Conttnuoue S)'SteJI. ot BUrnIng.- loc~ cU:. 
4~evorts of (tve ~lants usIng the Mlnte~ System gIve the tOllowing eoal con­
sumptlon per thousand brIck. llro4ueeC: 619 (ibid~)~ ~ro. 619, 600. and: 400 pounds 
tllnCrt&S!ug IUn VoJ.ume Wlthout Hore KIlns,. B~idllllfid OWl, Neccml. Vol. til. 
No.2 lJut,. 2fh 19221. 102-6). The average consUIIPtlon tor these flve plants 
Is 491 pound.!. 
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with the same number of kilns, since the brick are preheated 
and the time of burning is therefore reduced. One brick plant 
found that 9 connected kilns could burn the amount 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 tonnage of clay products burned in Minter 
kilns doubled each year between 1919 aud 1923.'4 The continu­
ous system of burning, although 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 kilns. 

The tunnel kiln not only reduces the labor necessary but also 
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 kiln cars are slowly pushed on rails through a 
tunnel-shaped kiln. The firing of the kiln is always carried 
out at one central point, so that there is no heat loss through 
the alternate heating and cooling of individual kilns or 
chambers as there is in all other types of continuous or 
intermittent kilns. Full use is made of the heat of cooling 
brick and of escaping combustion gases in preheating the air of 
combustion and the green brick. Thus the same measure of fuel 
efficiency is achieved as in the case of continuous kilns. 
The percentages of fuel savings when tunnel kilns were sub­
stituted for less advanced burning equipment are shown for 
the following five plants manufacturing the specified kinds 
of heavy clay products: 46 

Pace brick 
Roofing Ule 
Roofing Ule 
Pace and fire brick 
Common brick and tile 

45.7 
60 
63.75 
70 
.75 

SUbstantial labor savings are also possible with this type 
of kiln since the setting of the brick on kiln cars from drier 
cars is carried on outside the kiln under the most favorable 
working conditions in terms of both productivity and the health 
of the workers involved. The designers claim a labor saving 
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of 10 to 20 percent due to this factor,4$ and reports from 
a plant manufacturing face brick and another producing face 
brick and fire brick show labor savings of 15 and 40 percent 
respectively.'? The centralization of burners in the tunnel 
kiln enables the burner, the most highly skilled worker in the 
brick plant, to maintain closer control over the firing. 

A greater percentage of first-quality brick can also be 
attributed to certain types of tnnnel kiln because of the 
better firing control. One plant manufacturing face and 
fire brick reported an increase of 10 percent in the amount 
of first-quality brick, and another common-brick plant reported 
a 30-percent increase.48 

In spite of these advantages, however, the indications 
are that the use of tunnel kilns is not rapidly increasing. 
There is an authentic record of only three tunnel kilns in 
operation in 1915; by 1926 there were more than 112 in use, 
of which 23 were burning heavy clay products such as brick 
and tile." A recent estimate places the number of tunnel 

.kilns employed in burning only face brick and common brick 
at as to 30,60 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 until about 1935 has been their relatively high 
investment cost per unit of capacity, which was about twice 
that for other types of kiln.&l In recent years tbe cost of 
construction has been reduced to between SlS,OOO and $18.000 

tor a car tunnel kiln with a capacity of 15,000 bricks each 
24 hours, which is approximately the same as the cost ot 
periodic kilns capable of an equivalent output. 52 

Also, the tunnel kiln achieves a reasonably high efficiency 
only when operated at, or very near, peak capacity. Because 
of the sharply restricted demand that has prevailed since 1929, 
it has proven impossible in most cases to achieve capacity 

~8Letter. dated August 13. 1938. In tIles or WPl Natlonal Re8earch ProJect. 
'StUdIes 1n EQulpaent Cb&nsas aDd. ID4ustrlal TechnIques- 8ect1011. 

47Clay PmS""ts tlyelo/104lG .... .I~,..,.t OotG"", P. 185. 
48nlll • 

4'Iblll •• ,. 180. 
5Os.. t!.n. 40. 

6'clay _octo Cye~lG ..... ~"'"'" CoiGlcr. p. 180. 
62s.. t!.n. 48. 
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operation with the larger tuunel kilns capable of producing 
50,000 to 60,000 bricks per day. Since about 1935 the manufac­
turers of tunnel kilns have been encouraging .the installation 
of kilns with about a quarter to a fifth of this capacity; 
this enables the brick manufacturer to secure the efficiency of 
the tunnel kiln with the flexibility of a battery of periodic 
kilns. 63 Thus an effort has been made to remove the obstacles 
to extended use of tunnel kilns. The tunnel kiln, however, 
still involves a major investment that brick manufacturers 
have been reluctant to undertake under depressed conditions. 

An idea of the 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 kilns, 10 used scove 
kilns, 4 used rectangular ki Ins, and 1 used a cont inuous­
chamber kiln. It is interesting to note that five of the 
plants employing beehive kilns had adopted these kilns during 
the years 1925-35, four of them after 1928. In all these 
plants the beehive kilns had replaced rectangular Dutch ovens 
and in one case had replaced kilns equipped with setting 
machines. 

It seems extremely likely that these data reflect a general 
trend toward the increased use of beehive kilns. Tbis retnrn 
to favor seems entirely reasonable in view of the restricted 
demand tor brick which has prevailed during recent years. 
The large capacity ot tbe rectangular kilns under these con­
ditions is likely to be more of a handicap thana virtue, and 
the flexibility of production possible with the small-capacity 
beehive kiln is particularly desirable under these circum­
stances. The necessity of operating botb continuous kilns 
and the large tunnel kilns installed during the 19ao's at 
nearly maximum capacity to achieve eff~ciency has probably 
served to discourage extension of their use •. Tbe replacement 
of older kilns by newer and more· efficient ones ge"nerally 
involves a major investment, and the depressed condition of 
the industry has nO doubt slowed down th~ improvement of 
burning methods through adoption of new basic equipment. 
The same consideration need not affect so seriously the ap­
plication ot the Minter System.of continuous operation to 
existing beehive kilns. 

5!101d. 
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The setting and unloading cranes of the mechanical setting 
system used at plants in the Chicago area and at a number of 
the larger eastern soft-mud plants are the most important 
labor-saving devices employed in the burning department. 
Cranes constitute an integral part of the scove kilns in which 
they are installed. In this system, the brick are lifted in 
carloads from the drier cars by the setting machine and set 
in place in the kiln witbout any band labor. Unloading is 
similarly accomplis bed by machine. Since a tremendous amount 
of labor is otherwise involved in setting and unloading brick, 
particularly in the large scove kilns wbich prevail in the 
Cbicago area, major reductions in labor requirements were 
achieved by the application of setting and unloading machines. 
One plant found that 13 men were capable of doing the work 
formerly requiring 30 men. 54 In three plants studied in the 
NRP-NBER 1936 brick-plant survey, each of which bad installed 
two cranes, labor was reduced by more than one-half, in one 
case cutting the number of men required from 24 to 11, in 
another from 24 to 10, and in the third from "18 to,. Tbe 
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. 55 

The bulk of these machines were installed in tbe 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 1925. This illustrates the way in which 
the drop in brick production affected the mechanization of 
the industry, for the further extension in the nse of these 
machines after the initial wave of introduction had to wait 
until another period of peak production in the middle of the 
1920 's. The remainder of the installations in the Chicago area 
were made in the years 1926-29, after which there were no 
further installations of this equipment in the period surveyed. 

The machines were ius taIled principally in the plants of 
the largest companies operating in the Chicago area, under 
a licensing agreemeKt whereby the equipment MAnufacturer 

6"E. B. Htller. -What lou Can See In Cble.go Plants •• 8r1.c' Gad Cia" .ecord. 
Yol.. '10. Ho. a {Feb. 1. 1827}, 180-91. 
66clo, _lieU C,clo/lodiG 4l1li .'I",,...u Co>tolot. p. 191. 
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FIGURE 16.- SETTING BRiel{ J. " RECTANGULAR I{IU' 
Br-Ick ar-e usually hand-set by Men wor-king in pairs. The tosser- takes 

the br-ick frORl the car and tosses them to the setter. who leaves air spaces 
between the brick as he sets them. 

set quotas for the production of each plant installing this 
equipment. The two largest brick companies in the Chicago area 
employed over two-thirds of the total nuaber installed between 
1910 and 1936, and in 1936 their quotas allowed them the right 
to produce 8~.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. 58 

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 productioz 
which have restricted the installation of such major unit~ 
as kilns have not been so important a consideration in the 
application of auiiliary equipment. 

Fans have been 
employed in kilns. 

important pieces of auxiliary equipmen1 
Used to produce a forced draft, they haVE 

&8,.4.rClI ,,,ad • .r.e~IoUOft "'.rv'c., ·court Dtcla10na Supplement. UJS2'-l9!'7. e7tl 
14.; Chlcaao: Co-rei Clea.rlnS Hous'l Jnc., 181S2-ae). par&.. '7O!t!S, PD. &UM~. 
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reduced the burning time by as much as 3 days57. and have 
increased the average daily output of kilns 20 percent in one 
instance68 and ~7.1 in another. 59 An example of the results of 
the application 01 forced draft to kilns is the following case 
of a plant so equipped in 1931.60 The first number following 
each item is for natural draft; the second, for forced draft: 

Burning time (hours) 
Coal per thousand bricks (lbs.) 
Percenta.ge ot ware shipped 

160 
2.200 

94.5 

124 
1.600 
9S.5 

Portable fans have likewise had an important effect in 
speeding up kiln turn-over by reducing the time required 
for cooling. The time of cooling was reduced by from 2~ to 
~8 hours through the use of fans in a number of instances. s1 

Installations of forced-draft fan equipment were among the most 
frequently reported equipment changes in the NRP-NBER 1936 
brick-plant survey. 

Another type of auxiliary burning equipment introduced 
during this period was the pyrometer that aided the operator 
in the control of kiln temperature. An investment of a few 
hundred dollars for a pyrometer by one concern gave a fuel 
saving of $200 per month in addition to a 5-percent increase 
in the amonnt of first-quality product. 62 Other instances 
of pyrometer purchases have shown reductions of from 1~ to 
15 percent in the amount of unsalable brick.63 Although the 
use of such instruments was practically unknown in 1920 in the 
brick industry, one-third of the plants covered in the NRP-NBER 
1936 survey were equipped with pyrometers, 70 percent of which 
were of the recording variety. 

Another important type of cbange bas been the application 
of insulating materials to kilns to reduce the radiation 
losses. Reports from 2S plants indicate that fuel savings of 

57Dean W~ Taylor. '$10.000 Well Spent Saves Many 'thownulda Year13.· B""cl& a7lf Cla)' 
a6conI. Vol. 65-. No. 1 (JU17 8, 1924J, a1""'. 
58'Fans. and. Fan Practice In ClaY 1lll1ustr;r.· B.,.ic. cud CIo, Recor4. Vol. "15. No.5 
(Aug. 2-7, 1929). 278-89. 
59'When Forced. Draft Is Used,' Brick OM C~, Record, Vel. 87, No. e- (Sept. 15. 
1926), 40&-9. 
eo.A, New Val to USe ran Dratt,' Brie. OM Cla, RecoR.. Vol. 78. No.6 (Hal'. 10. 
1931). 278. 280. 
81·Fans and Fan PractIce In Clay IndustrJ.- loco cit.: Ii. Romance In Industry~. 
,,"'C" Cl1I4 C14" Record. Vol. 62. No. 11 (tIaJ' 28. 1923). 939 rt.: *100.000.000 face 
BrIck. Annua.lll',· Brie. oIIIl C14" Recortl. Vol. 63. Ho. , (Aug. 21. 19B3) I 253-7. 
52'controller wIth Antletpa,tory rea.tures.' Brkll G1Id CI4, Record. Vol. 71. No. 14 
(Dec. :5OJ 1930'. 808. 809. 
~R 193& briCk-plant 8urver. 
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from 15 to 25 percent were accomplished by insulation of walls 
and crowns of kilns, and 10 to IS percent by insulation of 
crowns only.64 

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

Tabl. t.- nISTBIBUTIOI or BlICK AID TILB PL •• TS. BY TYPI 
or rUIL USBn ABD PROnUCT, 1 •• e& 

Percenta~e distribution of plants 
Approximate by t.ype of fue 1 used 

Product number of 
plant.s Natural Producer Coal Oil 

gas gas 

Common brick 1,.00 5 5 72 16 
Drain t.ile .50 1 0 96 3 
Hollow t.lle .25 2 0 93 5 
race brick 400 5 5 67 3. 
Fire brick 250 5 1 92 2 
Paving brick 90 5 3 92 0 
Sewer pipe 101 2 0 97 1 

&AdspteCl trOll 'ruel In the Cla)' IndUstry,' B.,.(CR r.md Cl~" Record. Vol~ 70. No. 7 
(Mar. 2$, 1927). 536. The art1cle does not specIfy the year to whIch the Clata 
reteI'. on the 0&818 or the date or publ1C&tiQn. ths year to which the data reter 
Is aa&\DIteC1 to be 1924. 

shitt since 192665 in tbe types of tuel employed, and it 
therefore appears tbat oil is important as a fnel only in 
common-brick plants. Its importance is understated in table 9, 
for its use is predominantly ·in tbe larger plants, wbich 
acconnt for a proportionately greater share of the total 
production. "Pract ically all CO!DMOn brick in California, 
Detroit, Chicago and Cleveland are burned with oil and tbe 
bulk of the Hudson River kilns are oil fired. • . • • about 
one-balf of all of the country's common brick production is 
burned with oil. ,,06 

e4J~ H. Knlson. -tnsulated. KUn Sav&a 171 In fUel, - kick GlI4 Cloy ReconJ. vol~ Os. 
No. 1 (July 10. 1923). ElHI. 
65s.. table 9. rtl! ••• 
6e·PUe1 in the Clay Industry,- Bric. Gnd ClQ~ 'acord. Vol. 70. No. ? (Mar, 29. 
1927). 540. 
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The use of oil is one phase of the technological advantage of 
the larger plants. This advantage lies principally in the 
lower labor requirements associated with the bnrning of oil, 
which is estimated to produce a saving in firing labor in some 
instances of as much as 50 to 15 percent. 87 Furthermore, oil 
burning is more easily controlled and, therefore, produces a 
higher percentage of first-quality brick. One plant obtained 
97 percent first-quality brick when burning with oil and only 
75 percent when burning with coal.oa Oil burning also requires 
less time than coal burning and in one instance the time 
was reduced from 10 days to 7,8S in another instance from 
150 hours to 102,70 and in yet another from 8 days to 4.71 

Thus, although direct fuel costs are frequently higher with 
oil, burning costs including labor costs are generally lower. 

Considerable reductions in labor costs and improvements 
in burning have been accomplished by the shift from steam 
atomization of oil to a system operated by compressed air. 
This shift has taken place very generally among the oil­
burning plants. At one plant the cost of oil atomization 
was rednced by 21 percent as a result of this change, and 
three-quarters of this reduction was due to the elimination 
of the labor necessary to tend the boilers of the steam­
atomization system. 72 

Although gas offers all the labor-saving, quality-improving, 
and time-cutting ~vantages of oil, it has found less extensive 
use in the most important sector of the industry, that which 
manufactures COmmon brick. Labor reductions of 50 percent 
due to its use are Dot UDcommon. 73 However t since gas is 
especially susceptible to careful control in the burning proc­
ess, it has found much wider use than oil in the manufacture 
of special types of brick such as face, fire, and paving brick. 

6"10l4)' hOci1cts Cyclo;sdia and lqaii*me Clltalog. Ih 69; transcl'lt)t or hear1ng on 
APpeal rrolf! Or4er No. 123-13. Feb~ 11. 1935. St:ructural Clay Prod.uets Industry. 
lnduatrlal Appeals Board or MIRA. letter from Altre4 J. £no, Exeter, H. K .• 
Feb. 1. 1933. pp. 4-11. 
68Harr,p T. Horwell. IHow ~e Burn race Brick wIth 011,- B~'c. and CIa" '8cor4~ 
Vol .. el. No. 10 (Nov. 14. 1922). '112-4 • 
•• 1bI4. 

7°-011 Burning the country Over.' Bf"kl o:n4 Ckl, 'eCOf'd, Vol. 69. No 1 (JUl, e. 
19fe). 3)-~ 48. 4e. SO. 62., 
711b14• 

7S'Bettar Brick $100 Per K.lln Cheaoer,' Bric. and CIa" Record. Vol. 71. Mo. 5 
(AUS. 30. 192'7). 340-2. • 
'l3'CltY 0&5 SUccesstul17 BurnIng Brick.' B,..tc' Gft4 CI4Y 'ecof'"a. Yolo '10. No .• 
(Feb. 1&. 192'1,. 292-3; 'BurnIng Brick wlth Clt7 088.· Briel tIfttl Clay Record. 
Vol. 66. Mo. 6 (AUB. 50 1924). 187-8. 
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The relatively slight use of gas in common-brick plants is 
ascribable principally to the wide variations in the price oI 
gas in different localities. 

In recent years there has been some return to the use of coal 
as the result of the application of automatic stokers and 
pulverized-coal burners. Stoker-fired kilns have been reported 
to use 35 to so percent less coal and to increase the kiln 
capacity by 3S percent through the elimination of bag wa11s?4 
in the side of the kilns.?6 Reduction in burning time of 1S to 
~o percent has been accomplished by the use of stokers.?S 
There is no indication to date, however, of a widespread 
adoption of stoker firing 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 to 1,500 pounds in ordinary periodic kilns.'8 

UBLOADI.O DP ~ILBS ABU raABspoaTATIOB 

Just as the setting of the kiln is a time- and labor-consuming 
operation, so the drawing of the burned brick from the kiln 
and its transportation to storage likewise require the services 
of many employees. The system in general use in plants em­
ploying beehive or continuous kilns is to load the brick 
into wheelbarrows for transportation to storage or to the 
loading platform. 

In the more modern plants of the Chicago and Hudson River 
areas completely mechanical kiln unloading is employed in 
which overhead cranes pick up piles of over 1,000 bricks 
and transport them directly to storage or to means of trans­
portation. At one yard such a mecbanical loading machine 

?4eas walla are addltlonal brIckwOrk walls Inside the kIln to prevent direct 
contact between tIre gases and the brick to be burned. 
76·stOker Ftred PeriOd1c KUnSt- Brk. cud Clay R.cord. Vol. 77. No.9 (Oct. 21. 
1930). 473, no&.. 
?6nld• 
77Franlt K. 118.rttOr<i •• " SuccessfUl Appl1cation ot ~dered Coal AS a "runnel KIln 
Fuel Hrln. Hard Ftred COlllmOn Br1e",,· J'0W'"'ftC-' of .,.. .... f"tcQ.fl CS'f"Clak SocH'i:). 
Vol. 9. No. 10 (OCt. 1;26). 684-8. " 
?'ealllfHuse Savlng ,,1 th Continuous 87atem ot Burnlng.· loe. cU_ 
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was found to be capable of loading a ,i-ton truck with 4,500 
bricks in 3 to 4 minutes. 78 The advantage of this mechanical 
method over that of band unloading and wheeling of the burned 
brick is indicated by the fact that at a Hudson River plant 
the cost of drawing and loading onto trucks was $1 per,thousand 
wben performed by hand as against $0.17 per thousand when 
loading by crane. so 

In the Chicago plants temporary scove kilns are employed, and 
the burned brick are left in the kiln until they are shipped. 
Tbis is the practice in many of the large soft-mud plants 
in t'he East &S well. At other plants employing beebive or 
continuous kilns and at which it is the practice to unload 
to,storage before shipping, the replacement of hand wheeling 
by electric lift trucks and tractors has reduced costs con­
siderably. The introduction of such equipment resulted in 
the elimination of six men at one piant S1 and seven band 
wheelers at another. S! 

At some plants a new method was introduced in 1935 which 
eliminates manual loading and unloading of delivery trucks. 
The final product is bandIed o~ly once. When the brick are 
unloaded from tbe kilns, they are piled on wooden platforms 
in stacks of 1,000. Tbis load is automatically lifted onto 
the truck by a built-in crane. The truck driver operates 
the loading and unloading process,'accomplishing in 30 minutes 
the work otherwise done by two hand unloaders in 4 hours. sa 

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 contents of the 
container are mechanically loaded into a motor truck for 
delivery to the job. By such methods the cost associated 
with unloading kilns, storing, and transporting brick bas 

"'l11or, ~ ... t-
ao.Pallet and El~tr1c Cl"Me savee $1.20 Pet' II OD trnloadlns Coate,. Irk. ISM CIG), 
hconl. Vol. 72. Ho. 12 (June 6. 1928) t 861-2. 
B1Barold J. Payne •• Would Electric Trucks Help Tou?- Br(ck Gad Clay Recor.d l 
Vol. f!f1. No. , (Aug. 18, 1926) s 25tH). 

8E_Truck SYstem Ellalnatea ,eyen Ken,- Bric. Gn4 Clo) Record. Vol. 69. Wo. 4 
{AUg. 17, 1928)s 27M .. 
6Sa. & Berl. -No IIUa&n Rand Toucbes OUr BrIck rroa KIln to Job.· Brie. GIICl CJ4,. "'cord. Vol.. ff1, Ho. a (Sept. li35). 8&-0. 



58 MECHANIZATION IN THE BRICK INDUSTRY 

. • 'A-Ihtlo,,-.' a .... rch project (6-£M) 

FIGURE 17 . - MECHANICAL TRA.SPORTATION 
The truck above has a special loading and unloading mechanism whereby i t 

handles a truckload of breck as a single unit. The truck grips. p i CkS uP. 
carries. and unloads the whole load of stacked brick. 

been considerably reduced. In 1928 this system was employed 
in handling o'ver 90 percent ot the ontput of 20 Hudson River 
brick plants. 84 

Hand wheeling to storage and hand loading, however, remain 
the most general practice. Ot 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 ~ loaded 
trucks at the kiln for shipment direct to the user. Or the 
tour 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. otbers, the 
different sections of the industry show wide variations in 
the techniques employed. 

841ShlPDlfti BrIck In ContaIntrs 18 a Spled7 Slste.,· Br'c~ Gftd Cl4Y I.cord. 
Yol. 74. No. 2 (Jan. 1~, 1921l) , 85. 

... 
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POWEa 

The change in the type of power used to drive macbinery in 
the brick industry during tbe 1920'S was probably of importance 
equal to that of any single change in machinery tbat occurred 
during that period. The shift from steam to electricity as 
the dominant form of power effected savings in the labor of 
power generation, machine operation, and maintenance~ In many 
cases the use of electric power was a prerequisite for the 
introduction of certain labor-saving macbines. 

Power data are available in the Census .f MaKufactures 

for the "Clay products lother than potteryl and nonclay re­
fractories" industry. an industrial category which is more 
inclusive than the brick and tile industryB6 as defined in this 
report. The machinery and methods employed in the manufacture 
of brick and tile, however, are similar to those employed 
in the manufacture of other clay products; data for the more 
extensive industrial category are here used for an analysis 
of trends in the type of power employed in the brick and 
tile industry. 

The most striking feature of the 1919-29 period was the great 
increase in tbe importance of electric-motor drives in tbe 
indnstry. In 1919 electric motors represented only 33 percent 
of the installed borsepower, whereas 10 years later they 
accounted for 69 percent. The extent to which this shift has 
taken place is corroborated by the NRP-NBBR 1936 brick-plant 
survey. Of 29 plants reporting On type of power, 18 used 
purchased electricity entirely, 1 generated its own current, 
6 used a combination of steam and purchased electricity, 
and 4 used steam power only. 

Electric power began to find use in the brick industry 
shortly after 1900, when the adoption of steam power had 
become virtually complete. Its rise in importance took place 
at the expense of steam power; the percentage of the total 
installed horsepower accounted for by steam engines and tur­
bines declined as that of electric motors increased. The 
effects of the substitution of electric power were scarcely 
less revolutionary than those of the earlier adoption of 
steam. Electric power effected a degree of centralization 
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of power generation formerly impracticable and a transition 
to individually driven machines. 

The use of electricity centralized the generation of power, 
particularly where power was purchased from central stations. 
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 plant 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 stations. 

The trend toward the purchase of central-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 lother than pottery' and nonclay refractories" in­
dustry was utilized by motors driven by purchased energy; 
by 1929 the percentage had increased to 93. Similarly, iu 
1919, 26 percent of the total installed horsepower in the 

Ta.l. t •• - TOTAL BOBSSPOWBI or TBS CLAY PRODUCTS (OTBSB TBAI 
POTTSBY} AJD JOJCLA Y IUU'IACTOIlISS I1DUSTIY. 

BY SOUICS or POWBI. t.l.-I'& 

Percentage distribution of Horse-

total rated horsepower, power of Rated 

b;V source of powe r 
electric horse-

motors power of 

Total driven by elect.ric 

rated purchased motors 
Year horse- steam ener81' as as 

Pllr- engines Internal percent percent power 
chased and combus- Other of horse- of total 
elec- tur- tion power rated 

tricit;y bines englnes of all horse-
electric power 

motors 

1919 405.157 26.1 69.6 4.S 0 79.4 32.9 
1923 480.576 40.7 55.8 S.S 0.2 85.S 47.7 
1925 517.204 49.6 4l1.6 4.7 0.1 88.9 5S.7 
1927 529.581 lI8.1 37.4 4.5 0 91.9 83.2 
1929 533.887 83.8 Sl.6 4.5 0.1 92.8 68.8 ~t- --

-Data tDr l01i, 1ge5. 192'7, aOO 1929 trOll ,jjte."U CeMU 01 tAe h.it" 3tGt.,,: 
1930~ -Manutt.ctures; 1~9· (th S. Dept. COlll~, Bur. Census. 1933). Il, 863: Gata 
tor 1928 trom B'cftft'ol c.~~ 01 NOftajactvrcs: 1981 CU. S. Dept. Com •• Bur. 
C.lLIU&, lE60). p. 6&9. I'~ 



MECHANIZATION AND PRODUCTIVITY 61 

industry represented motors driven by purchased electricity, 
and by 1929 this percentage had increased to 64. 

In the much smaller section of the industry that employed 
electric power generated 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 
sections of the plant, the adoption of electricity generally 
concentrated the production of power in one steam engine and 
electric generator with a corresponding reduction in labor. 
This concentration of power production in plants generating 
their own electricity accounts in part for the increase in size 
Of installed steam prime movers. Between 1919 and 1929 the 
average horsepower of installed steam prime movers increased 
from 102 to 127, or by 25 percent, as shown in table 11. 
Since, in general, the efficiency 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 generation of electric power 
to a greater degree than that of steam power precisely because 
electricity is a more flexible form of power and may be more 
easily transmitted to the point of use. This flexibility of 
electric power makes it possible to apply an individual motor 
to each machine, whereas with steam engines it is necessary 

~&.I. 11.- ~vaa~o. 1~~£D BOISapOWSa OP palMi KovalS ~BD 
auculc KMOIS II ~1I11 CLAY PIODVCTS (oTua TllB 

PMun I ~.I) BORCLAY IRI'JtACTOuaS IBDUBTlIY, 
ltl.-II& 

Electric motors 
St.eam 

llriven by 
Year engines Dr1ven by energy and All purchased generat.ecl in turb1nes energy estab lishment 

1919 101.8 27.6 31.1 19.2 
1923 117.11 26.3 28.1 19.1 
1925 118.0 26.0 28.0 16.4 
1927 125.3 23.5 25.0 14.1 
19211 127.0 21.4 22.5 13.3 

&see table 10. {tn •• tOl" sourcea. 
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Pl •••• 18.- ErrBCT or BLECTRIPICATIOR 

~-Ell fIOWEA GEJERA11OII....o TP·",'p·'O" 

• EI..KTfUC MOtCIQ 

.'A_ ,.tlona! R •••• rch Project 

11-2' 

The upper halt of this dtagram Is the plan ot a brick plant with its own 
steam plant and shaft-eno-belt system 01 power transmission. The lower 
halt shows the simplification possible in the same plant by the SUbstitu­
tion 01 purchased electric power .. 

to transmit power from the engine to the machine through a 
cumbersome system of shafts, belts, and pulleys. The power 
losses due to friction and belt slippage in such a system 
sharply limits its efficiency and physical range of applica­
tion. On the other hand, the line losses of an electrical 
wiring system within a plant are negligible, and an electrical 
system of power distribution is therefore far more efficient 

~ than a mechanical system. 

The inflexible and clumsy apparatus required for the me­
chanical transmission of steam power forced the engineer in 
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the earlier days to give first consideration in plant design 
to efficiency of power transmission ratber than to flow of 
material. The use of individual motors now makes it possible 
to rationalize plant lay-out for the maximum productivity 
of labor, and for efficiency in the flow of materials. The 
latter is of special importance in the brick and tile industry 
where the bulk of the material bandIed is large in relation 
to its value. Tbe individual motor can also be designed 
to fit exactly the requirements of the individual machine to 
which it is attached, and tbis likewise effects an important 
improvement in the efficiency of operation and thereby in­
directly reduces labor requirements. Furthermore. lubrication 
and maintenance of the belts, pulleys, and shafting of the 
steam-power transmission system required considerable labor 
which was largely eliminated by the transition to individual 
electric motors. 

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

Electric power is not always applied to machines through 
individual motor drive. but it has been to an increasing extent 
in recent years. This is indicated by table 11, which indi­
cates a steady decline in the average size of motors employed 
in the industry. The initial steps in electrification at many 
brick plants was to replace the steam engines with electric 
motors, each of which drove a number of machines througb 
shafting and belting. The individual motors for each machine 
wbich were introduced in the later stages of electrification 
were, of course, smaller on the average than the earlier motors 
which drove a number of machines. 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 driven by pur­
chased electricity and by electricity generated in the plant 
tends to confirm this analysis. Plants which purcbased power 
in the early years of electrification frequently contented 
themselves with replacing steam engines by large electric 
motors tbat continued to drive individual machines by means 
of sbafts and belting. If this practice had been followed 
at plants which generated their own electric power, it would 
have meant the almost poiutless interposiug of a generator 
and electric motor between tbe steam engine and the mechanical 
power-transmission apparatus. Therefore, plants generating 
their own electric power generally proceeded directly to 
individual or small-group drive of machines. 

Hence, in 1919, the average horsepower of motors driven by 
energy generated in the plant was lower by 12 tban that of 
motors driven by purchased energy. Since that time, with the 
shift to individual drive in plants purchasing electricity and 
the extension of use of electric motors generally, the average 
horsepower of motors driven by euergy from both sonrces has de­
clined, and the difference in size bas become less pronounced. 

The purchase of power as opposed to the use of prime movers 
has considerably redoced the capital investment required. 
Where the need for ao expansion or replacement of power­
generating facilities arose, tbis factor bas doobtless been 
an important consideration favoring the purchase of power, 
particularly since 1929. 



CHAPTER IV 

SIDIIlARY 

From 1870, wben tbe stiff-mud auger macbine and soft-mud 
mold-filling machine were just beginning to be generally 
employed, to 1920 tbe man-hour requirements per thousand brick 
were reduced by more than 50 percent. The reduction of 27 per­
cent from 1889 to 19191 was accompanied by major capital ex­
penditures for such equipment as steam shovels and locomotives 
iu the clay pit; cars, rails, transfer cars, and tunnel driers 
in tbe drying department; tunnel kilns, continuous kilns, 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 a major sbare of the total production in 1919 
bore little relation either in capital investment or in pro­
ductivity of labor to the brickyard of tbe nineteenth century. 
By 1920 many of the brick and tile plants were operating on 

. a highly mechanized basis. 

During tbe period 1920-36 the increase in the productivity of 
labor in tbe brick and tile industry tended to be obscured by 
the effects of tbe decline in production after 1925. Until 
1925 tbe increased productivity reflected mainly tbe more 
extensive utilization of improved major production units in 
response to the demand for increased output. Tbe bigh level of 
repair sales during the years 1922-2~ was indicative of tbe 
need to rehabilitate plants wbicb bad been left idle or in 
disrepair during the war years and to restore output to former 
levels. At the same time substantial investments in 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.1925, the objectives of capital expenditures began to change 
gradually until, under the conditions of sharply curtailed 
production, the empbasis after 1929 definitely sbifted to the 
purcbase of macbines and aoxiliarJ devices designed primarily 

l M1r1&1l I. west. ProetM:tbUy (1M ",Io)SB .. t ,,, I.&ected Indti.ttrw: Brie" 
aM IU. (\I'PA National Research Prolect in eooperatlaa wltb ... Uonal Bureau ot 
IC01lOIle Asaeareb. RePOl"t No. H. Feb. 1889). p. 108. 
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to reduce production costs or to improve quality. The objec­
tive has been to accomplish these results without major capital 
investments. The replacement of major production units has 
been kept at a minimum and, where tbey were essential, tbe 
choice of the type of replacement has been dictated by con­
siderations of cost reduction or quality improvement rather 
than increased output. 

This is illustrated by an examination of the most important 
changes in the several departments that were respousible for 
the increase or maintenance of the level of labor productivity 
in the face of a low level of output relative to capacity. The 
productivity of labor in the substantial number of clay pits 
whicb operated on an unmechanized basis in 1920 was improved by 
increased use of power shovels and industrial locomotives. 
Since 1925 power-sbove1 sales bave become increasingly limited 
and, when replacement has been necessary, attention bas cen­
tered on such cost-redncing improvements as crawler traction 
and tbe 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 improvements in clay-preparation macbinery likely 
to achieve significant cost reductions. Sales since 1929 have 
been negligible. 

In the machine house the most striking innovation was the 
automatic soft-mud molding machine, placed on the market in 
1920. It represented the only fundamentally new development 
in any of the major productive units after the World War. 
Tbe introduction, most rapid prior to 1925, of 118 machines 
between 1921 and 1928 radically increased tbe productivity of 
labor in these plants by eliminating several of the operations 
formerly required in soft-mud brick manufacture. In the Hudson 
River Area particularly, tbe installation of the automatic 
machine, accompanied by extensive reorganization (involving 
major capital investments) of the production process, raised 
the productivity of labor in large soft-mud plants to the level 
of productivity in the best stiff-mud plants. 

In the stiff-mud plants tbe substitution of combined machines 
for separate pug and auger machines was an evident tendency 
in the latter half of the 1920'S, and the sbarp and steady , 
increase in the sales of deairing machines which replaced the 
combined machine was one of the features of the recovery , 
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period after 1932. Although this equipment was usually sold 
as part of a complete brick-making machine, the auxiliary 
deairing device which effected reductions in cost and improve­
ment of quality was the feature that made the large volume of 
the complete-machine sales possible. 

In the drying department labor productivity was increased by 
an eItension in use of electric transfer cars in stiff-mud 
plants, while conveyors accomplished the same end in soft-mud 
plants. The virtual elimination 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 eqnipment as induced-draft fans has 
found extensive use, and recording and controlling instruments 
have been introduced in a few plants. 

In the burning department kiln design was a focus of interest 
during the 1920'S, and large-capacity tunnel and continuous 
kilns became important factors. In recent years smaller kilns 
more suitable for irregular and diversified production have 
beeu favored. Improved fuel efficiency and labor productivity 

. were achieved by the addition of such aUIiliary devices as 
draft fans, pyrometers, insulation, and oil-pressure systems. 

In the Chicago area, between 1925 and 1929, the installation 
of setting and unloading machines at additional plants raised 
the percentage of brick set by machine in that area to about 
90 percent. Brick-setting machines entered eastern soft-mud 
plants during the 1920'S. 

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

An outstanding feature of the period 1925-35 bas been the 
reductiou in the number of operating plants by more than 
50 percent. The trend in the industry toward larger plants bas 
accompanied the decrease in tbe number of plants since 1889.2 

~~-~~ 
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In the past, the magnitude of transportation costs relative 
to production costs, together with regional differences in 
the natnre of demand, have served to keep brick production 
scattered in plants located in most parts of the country. 
The average plant is small compared with those in other indus­
tries. The increasing urbanization of the population 'and 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 plants of 
larger than average size and for a market tbat is primarily 
urban. Also, the decline in the relative importance of agri­
culture in the economy has resulted in a restricted demand for 
drain tile, which is produced in plants of smaller than average 
size and for a market which is primarily rural. 

Thus, economic factors have favored increasing centralization 
of production in larger plants and within certain regions. The 
technological basis for this centralization is found fn several 
items of labor-saving equipment associated principally with the 
larger plants, such as the automatic soft-mud machine and 
its automatic hacking machine, brick-settin~ and unloading 
machines, electric transfer cars, and compressed-air oil 
bnrners. The low level of capacity ntilization that now 
prevails and the fact that the large plants are operating at 
a lower average percentage of capacity than the small plantsS 

furnish an important stimulus to further concentration of the 
production in particular regions in the more efficient plants 
of those regions. In the past such concentration was often 
accomplished throngh mergers of a number of plants of a region 
with only the more efficient plants remaining open during the 
periods of restricted demand. Should the same procedure be 
followed in the future, the general level of productivity 
of labor in operating plants is bound to be raised without 
involving any considerable capital expenditures which wonld 
materially offset the consequent reductions in the labor 
requirements of brick manufacture. 



APPENDIX 

DESCRIPTION OF SURVEY DATA1 

Data were obtained in a field survey, covering 11 equipment­
manufacturing companies, conducted by tbe National Researcb 
Project in cooperation with the National Bureau of Economic 
Research. From these companies was obtained the value of 
sales, for 1920 to 1936, of equipment used in the manufacture 
of brick and tile. Of these companies, eigbt produced clay­
working Iclay-preparing and machine-bouse I equipment and three 
produced excavating equipment. 

For 5 of the 11 companies surveyed the data obtained refer to 
the value of sales of new clay-working machinery and repairs. 2 

These five companies are among the seven largest producers of 
clay-working equipment. 

For some of the companies sales were not available for a 
few years of the period 1920-36. Par such years sales of 
tbe missing companies were estimated on the basis of the 
proportions that the sales of these companies comprised of tbe 
sales of the others in years for wbich tbe sales of all were 
available. One of these companies required sucb estimates 
for the period 1920-&7. In one case estimates for the last 
2 months of 1936 were made on the basis of the average for the 
first 10 months. 

Por 3 of the 11 companies surveyed tbe data obtained refer 
to the value of sales of selected types of new machinery 
only. Tbese three companies together sold only about two 
hundred thousand dollars worth of such equipment over tbe 
entire period. 

Data for one of tbe three companies were available onlf 
through the first 10 montbs of 1936; sales for the remaining 
montbs were estimated from the la-month average. 

lPt'e1JU'84 br Jul1ua tL. Balle:.: 1n collaboratlm with tile 8lttbors. 
~lra 1Dc:1U4e sales ot repair parts &lid clarpa tor rebUlldlaa. 
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~.bl. A-l.- VALUB or TOTAL PiODUCTIOJ AND or SALBS 8AMPLB 
or CLAY-WOBKIJO BQUIPYE.~. 1,I'-lf 

Value Value of sales percent 

of total productiona by eight companiesb that elllht-

Year 
company 

Thousands Index Thousands Index sales are 

of dollars 11925:100) of dollars (1925:100) of total 
value 

1919 3,187 60.2 n.a. - -
1920 n.a. - 1.38ge 71.5 -
1921 3,772 71.2 1. 197c 61.6 31.7 
1922 n.a .. - 1.771" 91.2 -
1923 5,508 104.0 2.20ac US.7 410.1 

19241 D. a. - 1.'1-76c 91.5 -
1925 5.298 100.0 1.9412· 100.0 36.6 
1926 D. &. - 2,0410· 105.0 -
1927 41,308 81.3 1.4162" 75.3 33.9 
1928 D.a. - 1.569 80.8 -
1929 41.4102 83.1 1.651 85.0 37.5 
1930 n.a. - 903 46.5' -
1931 1,671 31.5 561 28.9 33.6 
1932 n. a. - 193 9.9 -
1933 591 11.2 229 U.8 38.7 
1934 n. a. - 324 16.7 -
1935 1,071 20.2 420 21.6 39.2 
1936 D. a. - 627c 32.3 -
-Represents all cla)'-Worklng Hch1neI7. Data are tram CeftS1lS at J/tJJtVfactwss: 
1816 (U. 8* Dept. caa •• Bur. census). p. 1031i 1939. II. p. 1099: 1933. p. 526; 
and 1936, p. 109Q. 
bD&ta are trca NRP aachlne1"7"'!l8-Dutaeturers survey and. cover sales or cllJ.1'"'WOrk1ng 
(claJ-preparlng and machine-house) equipment and repaIrs to the br1ck and t1le 
inc1ust1"7 b7 818b.t cOlllP8l11ea manufacturing equipment. 
Cpart17 utlMt84. 
D.a.. Data not avaIlable. 

Table A-I presents a comparison of the value of sales of 
clay-working machinery as obtained from the foregoing eight 
companies! and the value of production of all clay-working 
machinerl as'reported to' the Census of Nanufactures. Examina­
tion of table A-I reveals that the volume of sales obtained in 
the survel fluctuates closely with the value of total produc­
tion. The percentage whicb the former series comprises of the 
latter varies between 3a and ~o. The average for the entire 

8Tht aalea ot cl.,-elcafttlnl equl~ent 'b7 thn8 com.panles producing power shovels 
aDd locomot1ve cranel have not been InclU4e~, aince the census flgurea 40 bot 
Include ez:cavatlnC equlpunt. 
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period is 36.' It should be noted that the census valnes 
include machinery used exclusively in tbe production of clay 
products other than brick and tile. Such machinery is not 
included in the sales series. 

The c.ft.u. 01 Kaftu/Gctur •• specifies two industries that 
manufacture products made of clay - the "Clay products (other 
than pottery) and none lay refractories" industry and the 
"Pottery, including porcelain ware" industry. The former, 
which includes tbe production of brick and tile, has roughly 90 
percent of the total rated horsepower of the two industries. s 

This proportion is not utilized exclusively in the produc­
tion of clay brick and tile. Of the value of products of the 
UClay products (other than pottery) a.nd nonclay refractories" 
industry, between 5 and ao percent represent the value of 
nonclay refractories. e Such products, however, are manufac­
tured by processes other than those used to produce brick and 
tile,7 and the equipment used in their manufacture is probably 
not included in the series for value of clay-working machinery. 
The sample sales series therefore accounts for a somewhat 
larger proportion of total production of brick and tile equip­
ment than is indicated in table A-I. 

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

Crud'"t alld Grindillt Eq .. i1>.011~.- Table A-3 p.resents the 
value of sales of crushing and grinding equipment. Such 
sales are presented in three categories - wet and dry pans; 
smooth-roll crushers; and granulators, disintegrators, and 
pulverizers - and are based on the records of seven companies. 

'E%e'Pt tor li3S~ the aurve7 serl.s r~Dr.sents an tnereaslng prOPortion of the 
census aeries In ,ears tor which the latter 18 b1gber than In the preCed1ng census 
yeari t~ aurve7 serlea represents & decreasing proport1on of the census series In 
naTa tor which the latter Is lower than In the preceding census year. An ap.parent 
reasOD tor tbts relat10nshiP Is that the Burve, aeries represents sales, wbereas 
the census fllUres are tor production. In rears of rising e&les. tnventorles.., 
be d.epleted; In 7flara ot low .salea vOlume, inventories., be bU1lt up. 
6Th• percentales are 83.S In 1918. el~5 In 1923. 81.2 In 1926. 90.8 In 1927. and 
e,~e In 1929. the last 7ear tor whIch data are avaIlable (base~ on CCftSUS of _tac_n). 
e~ percentages over the perIod 1~ ranse fro. 6.7 In 192& to 1&.1 ln IQ~ 
'fbe 1D.oYe1ltent ot these percentagea 18 alJloat stea41l7 upward. (based on CefLttl! oj 
Ilo_!oc'ttlq.s) . 

'lela' hQ!lucts C:1Cl~4'. aftCl .qu,';Uflt CGtalOf (U e4.; Chicaso: Industr1a.l 
PUbUoat1ona. Inc~. liM). ~ia. 
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!abl. A-I.- IILATIVI VALUI or IALIB or CLAY-WOIIIIO IQOIPWBI! 
TO !HI BIICI AID TILl IIDUIT.Y BY VAIVIIO 

ImwBIIB O'-COYPAlIIB. 1'10-1' 

lIldes or •• 1 •• UNa-tOOl Ill' _ 
T.al' 

Bll1bt. ..... "YO 
co.paDl •• & GOItpllDi •• b coapu1 •• o 

lilSO- '71.1 ".1 '71.8 
llilat- &1.8 ".8 81.e 
1822- 81 •• .... 8-1.4 
102S- 118." 114 •• U.8.8 
1Q2.- U.B .... IU.'7 

1928- 100 •• 100 •• 100 •• 
1820- 105.0 109 •• W ... 
191:7- '75.3 "'.S '1'5.'7 ,.oa 80.8 81.. eo.8 

182$ .... Ql •• .... 
I • .., 40.5 .15.1 ..... 
1931 .... "'.S lW •• , ... ••• 8 •• ••• 
, ... 11.8 11.8 11.8 , ... 18.7 1'7.'8 18.lS , ... 21.8 113.' 21.5 
1938- .... .... .. .. 
Ilc~ I'J'_ table ....... 
• ('~ ___ 1ft _re u.ed 1# _tMII:UIlI U,IH. 4. 
cC __ 14III __ a1u IIftW 'IMe¢ 1a c_tr'UCtUC '-......... 

~1n ... _Ae ..,.. ..cl 1Il c_cn.:tlll& foPh .--4. 
4fU'Ul" .. tu-e.G. 

..... 
cottpaah.4I 

.,. .. .... 
81.15 

101.8 
81 •• 

100 •• 
104.' 
81.0 
81.& 

88.e .. .. .... 
10.' 
14.8 .... 
.1.1 .... 

Percent. o~ elfbt.-COJIpb7 eal_ 
COtIpl'lH4 "bo7 .&1_ of -' ..... .... "' ... 

oo.paDl •• .... -.. COIIp.u.u 

".1 98 •• .... ..... .. .. ..., 
".0 .. .. .... 
"16.' .. .. .... .... .... .. .. 
.... , .... .. .. .... .... ..... .... .... 02., .... ".1 .... 
Sl.8 ge."1 01.1: 
74.4 .... 51.0 
"4.4 WO .• 01.7 .. .. ihl.O ".0 
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These seven companies accounted for from 66 to 86 percent of 
the eigbt-company sales series (table A-21. 

Stiff-K~d Aftd Soft-K~d EqKip.~ftt.- The sales of selected 
types of machinery used principally in stiff-mud plants are 
presented in table A-4' 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 98 percent of the eight­
company sales series (table A-2). 

Of the five companies, one also produced soft-mud equipment. 
Since this company produces the AutoBrik machine, the funda­
mental piece of equipmeut used in further mechanizing soft-mud 
plants, the sales of this company are believed to represent 
adequately the purchase of soft-mud equipment. Table A-s 
presents the trend in the relative importance of stiff-mud and 
soft-mud equipment. The value of equipment sales used in 
constructing table A-S is based npon a selected series of 

T.bl. A-I.- VALuB OP BALBB OP lEW M&CHIIIIY ARO IIPAIIS BOLD 
TO T&I BIICI AID TILl JIDUBTa, ., THill COUPAIIIB. tl.'-'I& 

(T •••••••• of 4011 ••• ) 

Percent that 
Year Total New Repair new machlner7 

macblner7 parts i9 of total 

1922 767 253 514 33.0 
1923 959 404 555 42.1 
1924 859 426 433 49.6 
1925 941 465 456 51.5 
1926 985 543 442 55.1 

1927 807 426 381 52.8 
1928 766 394 372 51.4 
1929 846 458 368 54.1 
1930 460 213 247 46.3 
1931 346 195 151 56.4 

1932 102 49 53 48.0 
1933 136 85 51 62.5 
1934 227 146 81 64.3 
1935 292 182 110 62.3 
1936 475 266 189 60.2 

-Repatl'1 include sales or 1'81)&11" parts and. ollargea tor rebUll«l1ng. Data are fr<a 
'NRP machlner7'""l8l\Ufaeturera eurve,. and. cover sales to the brick and. tUe 1n4Ustr7 
b7 &hree cQllP&nlea anut&eturlol brick equlpaent. 
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machines, equal to about one-fourth of the eight-company total 
shown in table A-l. 

New Machin.ry and Re;airs 8 .- A comparison of the sales of new 
machinery and repairs is given in table A-6. Data are based 
upon sales of three companies, whicb represent from ~3 percent 
in 1922 to 76 percent in 1936 of the eigbt-company sales series 
{table A-2l. 9 

In addition to the eight companies producing clay-preparing 
and machine-bouse 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 and tile industry; they refer only to complete new units 
and, probably, some rebuilt units. 

The brick and tile industry consumed only & small fraction 
of the power shovels and locomotive cranes produced by the 
three companies. Total sales of these products by the three 
companies, however, comprise a large portion of the value of 
total output ot the two types of equipment {table A-7l. 

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. 10 The Census of NanuiGctur.$ normally 
includes in its detailed production tables only new units 
and parts, listing receipts for repair work separately. It 
is therefore likely that the percentages shown in table A-7 
are i una ted. 

The total-sales series was partly estimated. For one company 
the 1936 data were obtained for only 9 months; figures for the 
last 3 months were estimated OD the'basis of the monthly 
average for the first 9 months. For another company the 
figures for 1920 and 1936 were estimated 00 tbe basis ot the 
ratios in 1921 and 1935 respectively of the sales of this 
compaoy to the sales of the other two. 

In the instance of sales by these companies to the brick and 
tile industry. however, only one estimate was needed. Such 

~palra InclUC1t olea ot repaIr Darts aDd cbarges tor rebUIld.1ng. 
8'l"he percentages fluctuated between 43 and 82. wI thout eVIncing &nJ' trend. dU!'lng: 
the perlOl1 192()00-S2. In 1933 the percentage roae tram 53 to 80. rose agaIn to 70 in 
1934. an4 then to 78 111 l&ae. 
lOs" table A-V. ttD.. b. 
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sales were available, for one company, for only the first 
10 months of 1936; data tor the last 2 montbs were estimated 
on the basis of the average for the first 10. 

T.~I. A-7.- YALUS or TOTAL PBOBUCTIOB ABB or SALES BY·THBEE 
COMPABISS or POWBB SHOVELS AKB LOCOUOTIY. OBAK.S. 111'-1' 

Value ot sales by t.hree companles 

Value of 
Total]) 

'1'0 brick and tile 
total pro- lndustryC 

Year ductlona 

(thousands Percent. 
Thousands Thousands 

of dollars) of value Index 
of of total of 

(1925~100) 
dollars product.ion dollars 

1919 15.S684 n.a. - .D.a. -
1920 Il.a. 14. 47S· - 650 122.2 
1921 15.8674 5,422 S4.2 146 27.4 
1922 )1",& .. 9.074 - 409 76.9 
1925 29.2264 14.112 48.3 577 108.5 

1924 n.oa. 11.64S - 568 106.8 
1926 32.eaS t 12,647 a8.2 532 100.0 
1926 D .. &. 13.005 - 413 77.6 
1927 aa.494 t 12.742 Sa.l 329 61.8 
1928 n. a. 14.878 - 232 43.6 

1929 49.301 16.952 34.4 308 57.9 
1930 n. a. 9.941 - 83 15.6 
1931 20.442 8.183 40.0 82 15.4 
1932 11. a .. 3.607 - 0 0 

1933 5.095 3.108 61.0 19 3.6 
1934 D .. a. 4.568 - 13 2.4 
1936 13.296 6.282 47.3 32 6.0 
1936 Il.a. 8.21e8 - 474 8.e 

aBased em C..., 01 Ko-./lICttwe.s: 1., CU. S. Dept. coa., BUr .. Census). p. 1031; 
lll2S, II. 1_; and 1986. p. 1G'16. . 
bData are trc. lfRP aacbine!7"1D&DUfacturar8 survey and cover two companIes manu­
tacturlnl power 8hOve18 and one compaD7 aanutacturlns both power shovels and 
locomotlve cranes. Data tor the latter COJlP8llJ' are tor new un1ts onl7 (no repaIrs 
or rebuilt equlpaent). Data tor the tOnier c<apan1es 1nclUde repura aru1. resales. 
In the cue ot one. about '10 "rcent of the 8&lee represented sales ot new units. 
about .eO percent represented resales. and. about 10 percent repreaeDte4 parts. In 
the caae or the other. about ODe-third repreaented repalra.. 
clnc1udea complete un1ts on17. Some rebu:llt unlta ., be" Incluaed.. '!'be COllP8D7 
.anutacturlng both power abovele an4 locomot1ve cranea 8014 on17 the latter to the 
brick and Ule IDdUlltr7. 
dData tor 10ca.otlve cranes were not reported tor 1919, 1921. an4 1923. Values 
were eetimated b. ault1p171ng the value ot power ahovels 1n these ,eara b7 the 
1926 ratto or tbe value ot locomotive cranea (aee ttn. r) to tlt8 value of power 
ahovel •• 
e".,rt17 eet1llated. ,\',::".~ 
tCl'IlWler alKl locomotive cranea were reported III ccablne.tlon In 1928 and 1927. '!'he 
value or locoaotlve crane. Gnl1 was eatl_ted. on the baa18 or the 1929 proportions. 
n.&. Data not avaIlable. 
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'IP-JBER 1111 BRICE-PLA.T SUIVEY 

Data were obtained in a field survey conducted by the National 
Research Project iu cooperation with the National Bureau of 
Economic Research. The results of this survey are summa­
rized in a report by Miriam E. West. entitled Productivity 
snd Em~loya.nt in S.lected IndvBtries: Bric. and Til. (WPA 
National Research Project in cooperation with National Bureau 
of Economic Research. Report No. N-2, Feb. 19391. 

One hundred and eight plants were surveyed, their major 
product being either common brick, face brick. paving brick, 
bollow building tile, or drain tile. Average annual production 
per plant tor plants for which the information is available was 
35 million common-brick equivalents in 1925, 2~ million in 
1927, 19 million in 1929. and 7 million in 1935. 11 

BRICE AB. CLAY IECOln 1117 BIICK-PLAXT BUIVBY 

This study, published in the Bric~ and Clay Record (Vol. 70, 
No. 13 [June 21, 1927l. 1002-251 as an article entitled "Clay 
Pit and Mine Methods", is based upon uo plants reporting on 
loading methods, 102 using power shovels, 82 reporting on 
shovel size, and 73 reporting on type of power utilized by 
shovels. The plants covered in the study made common brick 
and building tile; their size. as represented by annual pro­
duction per plant, was 22 million brick (average for 36 plants 
which reported productionl. 12 

BLB till BaICK-PLAXT suaVEY 

This survey covered 71 plants manufacturing common building 
brick. Of tbese plants, ~5 used the stiff-mud process and 26 
the soft-mud process. The average annual production per plant 
was 38 million brick. t2 The results of the survey are pre­
sented by William F. Kirk in Prodvctlvity Cost. 'ft Commoft-Br'c. 
Iftavstry IU. S. Dept. Labor, Bur. Labor Statistics Bull. 
No. 356, 192~1. 

l1plants etuclled In this surve,. tend to be larser than the plant or average stze 
when the enUre l1ldust17 18 conSidered. ""verap: annual Production in the Inc1u.stl'7 
(based on Census of NGtu.!ocftwes) was 10 .11Uon cODon-brlck equivalents per 
eatabl1shMnt- In 1926-29 an4 6 .1lUon 1n 1836. aCCOl"dln& to- MIss west's report 
(D~ 98). See ebap. II. ftn. 1. 
12ror &verqe prodUC t1an of all plants see ttn. 11. 
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