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FOREWORD

This manual is a revision of an earlier report of the same
type issued in1955. This revised version includes current
costs of labor, machinery, equiIJllent and supplies, as well as
additional infor.mation relative to engineering, training,
safety, markets, sales, financial and econanic factors.

********

This manual is designed to provide a general picture of the
factors which must be considered in estaolishing and operating
a sma') -scale factory of tbis type. It should prove usef'ul in
cr\~ating interest in the SUbject, and serve to give enough
understanding of the related considerations to help govermnent
officials, other leaders and businessmen to determine whether
the potential deserves more-detailed attention.

However, it is ~portant to note that in most cases plans for
the actual.. deve.lopnent and instaJ.lation of a plant will require
expert engineering and financial advice in order to meet specific
local situs-tions. For further informati'on and assistance,
readers should contact their local Productivity Center, Industrial
Institute, Servicio, or United states Operations Mission.

Mention of the name of any firm, product, or process in this
manual is not to be considered a recamnendation or endorsement
by the International Cooperation Administration, but merely a
citation that is typical in its field.

********

The original report was prepared by 'the Methods Engineering
Council, Pittsburgh, Pennsylvania.

Technical inf'onnation, as well as review, was prOVided by
R. Poliako!f, Industrial Consultant, l26 Eleventh Avenue,
New York 11, New York.

********

This manual has been revised and rewritten by
C..eorge H. Andrews Engineeri.:lg Associates, Inc.
411 Southern Building, Washi.ngton 5, D. C.

April 1959
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BUILDING :BRICKS

INTROOOCTION

Brickmaking is one of the oldest industries in his'tory. Many
mechani ca1 developnents and changes in production methods heve
been made through the years to increase production capacity,
reduce costs, and to permit rigid size, shape, and q'l18J.ity spe­
cifications. Th,,,, basic operations, however, have remained the
same.

Brick is made by molding c~ or shale into the desired shape
and size Wile moist and pliable, and drying or hardening it in
the sun or in heated ovens. When sufficiently baked, or fired,
the brick is used as a buUding or paving materia1.

The processes for DIaki.ng brick are canpera.tive1.y simple. The
basic principles are accepted as standard throughout the industry
~. Ma:o\Y deviations fran standard methods have been developed
and adopted by various plants because of specialty product requil'e­
ments, and 1.abor and social legislation. To simplify the problem
of setting up a brickmaking plant, however, only the custClD&1"Y
methods are described here.

ihere are three basic methods of' making brick. They are:

1. the dry press method,

2. the stiff mud method, and

3. the so:rt mud method.

The dry press method is usua.1.1y used in the manuf'acture of fire­
brick and various refractory shapes. The stiff mud and soft mud
methods are most camn~ used in manufacturing bUilding brick in
the Uni:ted S1iates. The raw ma:teria1s are the same, regardless of
1ob.e me1ob.od.

The soft mud method consists of pressing the prepared materials into
wooden molds. In the stiff mud process, the material possesses
enough con::._ ~tency and strength to supportits own weight so it can
be eXtruded and cut into the desired length.



'l'he sort mud method vas chosen as tone subject or this report because
it can be adapted to the variable conditions or climates easier than
the other methods, and because:

1. A Yider range or cla\Ys and shales can be used,

2. The equipnen"t is more readi~ adapted "to difi'erent
ms:terial qualities, and ctlfi'eren"t sizes and shapes
of brick, and

3. Less equipnent is required.

Thererore, this report pertains to the soft mud method. of making
camnonbuilding brick.

GENERAL ASSUMPTIONS

In order to make realistic estimates, certain assumptions must be
made. These are:

1. The costs of buildilig, equiJlllent, and material
necessary are based on Um.ted States prices.

2. lal'Or costs used are the average for the industzy
ano, skill described, based on recently published
fie:f tres of the United States Bureau of labor
Sti:6tistics.

3. A1J. other costs, statistics, and figures are based
on cu..."'Tent United states prices.

4. Adequate heat, light, water, and electricity are
available at the plant site.

5- Adequa"te tre.nsporta:tion facilities are ava1.:Lable
at the plant site.

6. The plant operates on a 4o-hour week -- a one­
shift labor force.

7. No special provision is made in the calculations
for training of new personnel. It is assumed that
learner's rates are paid in such cases.
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8. The following items cannot be estimated realistically:

A. land value
B. Distribution methods and selling costs
C. In-:f'reight and out-:f'reight
D. Taxes

"'While general estimates 'Will be made of each of these items
for the purpose of canpleting cost estimates, adjustment
should be made in accordance with actual local costs. In
fact, all cost estimates contained in this brochure should
be adjusted to confoI'm to local conditions.

9. Columns are provided in the tables included in this report
to facilitate the conversion of cost figures to conform with
local costs.

PROOOCT SPECIFICATIONS

The brick used as the basis of this report is limited to one standard
"Which is ccmparable to the camnon red brick used by the building
trades in the United States. The specifications of' this brick are as
follows:

Length · o 8"

Width · o 3 3/4"

Depth 21.:-11
4

Weight (dry) · . 5 lbs.

Color*" 0 o Clay red

*Color: Natural color (:red) resulting :f'rcm the firing action apon t:.he
iron oxides in the c~.

Production is limited -00 one size of brick to mjnjmize the initial cost
of setting up the plant. Equipnent and setup changes "Will be kept at a
minimum by producing only this one basic size: the costing and pricing
procedures will. be easy to maintain, ray materials can be kept at a
minimum, and. the production loss resulting :fran inexperienced labor will
be kept at amjnimum.

With -the stiff mud process, it is also possible to make hollow brick.
Specifications are the same as for the solid brick just described,
except that there are three holes about 3/4" in diameter going through

° the 2t" dept. The main advan:tage of this hollow brick is reduced
shipping costs. ActuaJ.J.:y, production costs Dl.8\Y" be as much as loi higher
as it takes much more power to make the holes -- "Which are made by
extruding.
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Wi:th the sort mud process, it is not possible to make a hollow bri<:;k.
It I S not possi.ble to maintain the sand structure -- the slipping e.gent.
However, it is possi.bl.e to ccmpensate by use of a. t'rog or panel.. A
:frog is a depression on onesid.e of the brick whi.ch can be as large as
l-inch deep x three-quarters the length x three-quarters the 'Width.

There are no appreciable differences in cost nor in method in meldng
the solid brick with a frog as canpared ton plain solid brick. There­
fore, there is no distinction made betveenthe two t)-pes for the re­
mainder of this report.

MANUFACTURING OPERATIONS

There are seven basic operations in the manufacture of" brick using
the soft mud process:

l. Mi n1 ng (Vinni ng)
2. Preparation
3. Pugging
4. l-Iolding (torming)
5. Drying
6. Firing (burning)
'( • Inspection

Howev~r, before ctarting full scale manu.:facturing operations the clS\Y'
must be t.ested to ascertain its suitability for use in brickma.king.
Thi.s step is of the utmost :importance and is, therefore, discussed in
the following paragraph prior to discussion of the seven steps mentioned
above.

Testing of c;J:8l

While cl.a\Ys and shales sui"table for brickmaki.ng are found in mm:lY
different p1.aces, it is essential. that the ~.be tested before us1i:lg
it in regular production. The full. procedure fur testing~ requires
considerable experience in the brick:m.9king field. Essenti~, the
testing is done by mak1ng sample lots of'brick and. testing them after
processing or firing.

A chemical test, bo~·er, ~ be prepared in a laborat()ry equipped for
testing soils at an approxlmate cost of fifty dollars ($50.00). This
tes't would show the canposition and proportions of the main cl1em1cal
elements in the c~. The' chemical test wou.J.d cover the suitabilitY of
the c~ Within broad limits only. SUch a test "WOUld, in effect, be a
negati.ve one, in thai;; it might show up certain undesirable characteristics
in the cJ.q. However, i1; wou1.d not prove conclusively that 'the eJAY being
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tested llOU.l.d be defi.n1:tely sui'table for bric1ana1d ng. The·real 'test
wouJ.d be in making sam.Ple lots of brick, w1:th c~ S8IIllp1es taken frcm
diff'~rent areas of the e~ deposi:t. The most jJnpor1;8n-t poin-ts "to
look for in the test are (1) the ::f'u.sic,n point of 'the clq, and (2) the
burning behavior of "the brick.

Initial tests should 'be made by a tec.W1iclan w:ith .a. ltUl knowledge or
the procedure. SUbsequ.entq the fl)~ or:man in eharge or the plant
mq make the necessary 'tests vhen it -Det.omes .necessary to take the
initial supply of cla¥ :rrc. a n~ deposit. One sere ot c1Bq deposit
shoul.d make 850,000 bricks per foot of depth..

H1ni~ (or w:lnning)

Mi ning is the operation or diggjng the. ray materials :f'rcIIl the .earth ·an.d
delivering it to the plant site. The mining method wiJ.l. depenQ.upon 1.oc8J.
conditi.ons such as depth of SVJlPly, dis'tancef'raD. the plant, and· quan:ti.'ty
available 111 a parti.cu1ar location. The cJ.ay wouJ.d be dug v:itha~
shovel and J.oaded on a dump truck. It"WO'tdd behau1ed by the. truck to .-the
plant. F1.gure 1. shows a di.egram. of a power shovel. far this purpose.

F.i.gure -2 i.1.1.ustra:tes the operati.on of dumpi.ng the mined c..lq at the
p1.ant. The upper photograph illustrates the dumping operatiQn. The
lower photograph shovs the hopper into- 'Which the cIw has ·been .dumped.

9le mining operation should maintain a fev daNs'supply or materiaJ. in
advanee of the plant needs. The practiceo:!. storlngthe raY.material
has, in the past :fev ~ars, proven to have several advan'tages lIhich are
worth while.

1·. Plant production is not i.nterruy---.ed by de~ or
breakdowns in the mining operation.

2. '!be 'feathering effect of storing the materials
makes them mare 'WOrkable and tends to improve
the product.

Prepara:tion

Preparation consists of removing foreign materials :f'rcm thec~ .or
Sh&1.e tha,t is obtained in the mining operation. In the prepa.ra.ti.on, the
cJ.lii.y or shale is processed into a satisfactory plastic candi't:i.on for
molding. The preparation processes :for shale and~ d:1.fier due to the
differing native conditions of the two materials.

There are basica1.1y two methods of preparing c~. It can· be soaked
over night with· lm:ter and· the stones and other f'orei.gn matter rE!!JlOVed
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by hand the next day,or mechanical equipnent can be used for the
primary reduction (grinding) and pug milling-. The mechanical method
provides t1:l.e moat uniform and consistent qualit;y on a ~-to-daybasis ••
~cessive. losses can be expected in the molding,· drying, and tiring
operations if proper prepa.ra.tion and qua.l.ity control is not maintained.

The preparation is handled with· two ma.chines;a granulator. and a dts­
integrator. The granulator breaks dawn the material by impact of
rotating blades. It is illustrated in figure 3. The disintegrator
is usually a two-roll crushing t'.fPe machine that breaks down or pul­
verizes the material.

Shale requires both grinding and screening (and is1 therefore, more
expensive). This operation is performed in a dry pan machine in whtch
the shale is finely ground and screened to obtain. a. unifonn, granul&.r
size. The ground shale is stored there until required at the pug mil)..

The processes and costs presentedhere>arelimited. to the production
of brick with clay to maintainamininn:ml.cfi,pitaLrequirement.

Pugging

In this operation vater is added to the prepared•shale or clay. Figure 4
shows a photograph of .the mechanism of a pug mill. The operation is .the
same for E:ither type of raw material, a.ndapproximately the same quantity
of water is needed. for plasticizing purposes. It is important that. not
too much water be added; approximately 16 oz. are need.edfor each 5 pounds
of clay or shale .. As the water content increases, shrinkage in the<iry­
ing and burning increases. This results in losses of' material in process
and def'ective brick.

Molding (or Forming)

Molding is the operation of putting the brick into the desired. shape.&nd
size. In me soft mud process, it is perfor..ned by mechanically pressing
the pugged material into forms. Figure 5 shows an autana.tic brick
machine· of the type coyered in this report ••

When the raw material has been through the pug mill, it is moved into a
hopper .at the brick press .l. The press .autanatically moves the material
i"rall the hopper in measured. quantities to· the chamber·under the press
plunger.. The material is fed into the form through die openingsvith
each down-stroke of the machine. Irhe filled mold is removed on the.up­
stroke and .anem.pty mold 1s .inserted.

RKcessmaterial is then removed fr<:m +..he top of the mold with an
operation called II strikeoff" . The mold 1s then tapped with a ma.llet, or
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bumped on 'the sides and ends, to ~oosen "the brick in the mold. Bricks
are then Te"Aoved fran "the mol.d. This operation i.s c~ed dumping. It;
is performed by inverting the mo~d onto a pallet;.

The emp'ty mold is then sanded with a fine, dry sand that facilitates
the removal of the pressed brick. The sanded mold is then ready to
be placed in the press again. Several molds are used to maintain a
high maehine utilization.

St;riking and dumping ere hand operations performed by helpers at the
brick press.

Prod".lction losses should not exceed 5~ of the original raw material.
Plant capacity is usueJ.1.y established in gross figures; net production
is determined by SUbtracting the losses in fonning, drying, and firing
fran the plant capacity figure.

Drying

Drying is the operation of removing excess moisture fran the formed
brick prior to the firing operation. In the drying operation, approxi­
mately one pound of. moisture is removed fremthe size of brock speci­
fied in this manual. Therefore, the physical nature of the material,
and the amount of heat it will withstand in drying, will affect the
drying cycle tme.

In this operation the molded brick are stacked on small cars. They
must be spaced to permit a maxiln'.ml of air circulation. They are then
plB~~ed in a drying tunnel. Figure 6 illustrates the drying operation.
'lbe upper photograph shows the molded brick being stacked on the cars;
the lower photograph shows the mouth of the drying tunnel.

Drying time will range fran 28 to 48 hours in a waste heat drying;.
tunnel. To obtain the best yield, the dryer tunnel must b'e cont;rolled
according to the physical properties of 'the raw material, and the
humidity of the drying air must; be controlled to prevent the fonnation
of "checks" (sma)) cracks) in -the brick wich are caused by too rapid
removaJ. of moisture frem the outside surfaces ..

Firing

Firing,. or burning as it is sanet1mes called, refers to a kiln opera­
tion in 'Which the cl8\Y products are heated to the fusion point. This
causes the physical and chemical changes necessary to obtain the hard­
ness, durability, and structural qualities desired. Figure 7 shows
the dried brick being stacked inside 'the kiln for firing.
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Fuel costs for drying ~ll vary ~th the characteristics of the cl~

and shale, and with the locality in which the plant site is situated.
The actual requirements in B.T.U. per 1,000 brick will have to be de.­
termined· under production conditione and with the.· fuel available in
any particular locality. It is estimated that the specified produc­
tionwould require 175 tons of coal per week.

After firing, the brick is dra'WIl fran the kiln, allowed to cool slowly,
and put into storage to await delivery ....0 the buyer.

Inspection

Inspection requirements for camnon building brick are not too rigidly
set. The main quality considerations are:

1. Size
2. Color
3. Checks (cracks)

The inspection operation can be performed after the completion of the
firing operation at the time the brick are put into storage.

MANUFACTURING UNIT USED

The unit of production most generally used in the industry is 1,000
brick. Therefore, unit costs are expressed on that basis in this re­
port.

The net production per week fram this plant ~ll be 243,505 brick of
the camnon, red, bUildillgtype. The means of detennining this quantity
and the materials required are shown in the f'ollo"Wing. calculations.

Calculation of Production Quantity

Brick molding machine capacity per hour
(gl'ossbrick) (20 molds/minute x 6
bl"icl{ each mold x 60 minutes)

Working time in hours per ~
(allowing 12. 5~time for unavoid­
able and personaJ. delays)

Brick fonned per ~

less: :Ex:.pected5'/o loss in forming,
drying, and •firing

Net production per ~

Net production per five-~week

(40 hour week)

Net annual production per 1000 units

-8..

Estimate

1,200 brick

7.12 hours

51,264

2,563 brick
48,101

243,505
13,175



Wa1;er

DIRECT MATERIALS

51,264 gross brick per day @ 5 pounds each =
=

=

256,320 pounds per. day

128.16 tons per day

32,040 tons per year

Approximate1.y 16 ounces for each 5 pounds ofcl8\Y
or one United states gallon for each 40 pounds of cl8\Y.

256,320 pounds of c1a¥ per day 7 40 = 6,408 gallons per day

1,602,000 gallons per year

*Parti!l8 sand (For dusting brick molds)

100 pounds/lOOO brick =
51,264 brick/~ x .10 = 5,126.4 pounds =

.10 pounds/brick

640.00 tons. per year

'* Note: The sand imparts its color characteristics
to the finished brick and because the sand acts as
a Slipping agent, i taffects the quality of the
brick. as the brick is removed frem the mold after
forming. This sand is an important material and
requires carefuJ.. selection as to grain size and
mineral properties in order to obtain the proper
slipping factor for the dumping operation as well
as to obtain the desired color range. The prospec­
tivemanufacturer will have to experiment withthe
sands in his locality to obtain the best sand to
use Wi.th the clay and shale available.

Tabl.e I - Direct materials needed for one year I s production

Unit Total
Price PriceMa1;erial

QUantitY
per

Year

Estimated
Unit Total
Price Price

ActuaI -

Cl8\Y

Water

Sand

32,040 tons

1,602,000 gallons

640 tons

$.05

.0025

$1600

4000

3200

Total annual cos1;

-9-
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PROWCTION TOOlS AND EQUIPMENT

Table II lists the equipnent required in cla;y mining and production of
brick for a plant of this size, with a total estimated cost of $327,240
in the United States.

Table II

Description
Uni'ts

Required

'Estimated
Unit Total
Price Price

Actual
Unit Total
Price Price

Power shovel, 2/4 yard cap­
acity - self propelled
with gasoline' .motor

IXlmp tI'~ck, 4-ton capacity

Granulator, 15,000 bricks
per hour capacity

1 $22,000 $22,000

2 6,000 12,000

1 8,000 8,000

Disintegrator and 2 roll
crusher, incl~ding 21' con­
necting conveyor

Pug mill, 10,000 bricks per
hour capacity

Autcmatic brick machine,
13,500 bricks per hour cap­
acity With unloader

Molds .for brick machine

1

1

1

30

12,000

8,000

33,000

20

12,000

8,000

33,000

600

7

Tunnel dryers, 110' long x
4' Wide x 63 1/2" high above
tracks with recirculating
airfacilities 6

Cars for drying tunnel, 90"
long x 45 1/2" wide· x 60"
high 145

Pallets, 36" long x 11" wide
x 3/4" thick with I" air
spaces - 14 gauge galvanized
sheet steel 12,760

Kilns, 30' inside diam.­
80,000 bricks capacity

14,000 84,000

100 14,500

16,000 112,000

Conveyors, belt conveyors
connecting raw material
supply, granulator, dis­
integrator, roll crushers,
and pUb mill 100 feet

Total

-10-
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OTHER TOOLS AND EQUUMENT

Table III lists the necessary items of equipnent for maintenance, and
other non-manufacturing functions, showing a total estimated cost of
$19,700 in the United States.

Table III - Tools and equipnent required other than for production.

Estimated Actu8J..
Units Unit Total Unit Total

Description Required Price Price Price Price

Brick bearer barrows, 18"
Wide fl.at bottan, high
back 6 $ 35 $ 210

Wheel. barroW's, 4 1/2 cubic
feet capacity for general
plant use 8 40 320

Hand tools, such as mallets,
hammers, wrenches 600

Maintenance equipnent,
16"-18" engine lathe l 2,020 2,020

Maintenance equilJllent, 12"
pedestal. grinder - 2 HP 1 550 550

Maintenance equipnent,
drill press - 1 1/2"
capacity, sliding head l. 2,000 2,000

Factory supplies 600

Maintenance equipnent,
such as machine shop and
maintenance hard tools,
grease guns, micrometers

1,400 1,400and pyrometers

Delivery trucks, 5 ton* 2 6,000 12,000

Total. $19,700

*In addition to the 2 dump trucks for hauling raw materials,
2 delivery trucks viII be required.
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FURNITURE AND FIXTUREd

Table IT lists the office equipnent required in this plant, showing a
total estimated cost of $1,400 in the United States.

Table .r/ - Furniture and fixtures

Estimated Actual
Units Unit Total Unit Total

Description ReqUired Price Price Price Price

Office desks, flat top,
wood, 60" x32 " 3 $150 $450

Office desks, typewriter
type, 60" x 32 " 1 180 180

Chairs, swivel, wood 3 33 99
•

Chairs, typewriter type,
adjustable 1 36 36

File cabinet, 4 drawer,
legal size, locking type 2 125 250

Storage cabinet,
78" x 36" x 18lt

, for
office supplies 1 .85 85

Typewriter, standard
office type 1 150 150

Adding machine, ten key
tape model 1 150 150

Total $1,400
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PlANT IAYOUT

Figure 8 illustrates the floor plan of a building that would provide ade­
quate space for the production ofbr1cks specified in this manual. The
approximate locations of the major items of equipnent are shown together
"With the space requirements of the various departments and areas. The yard
area surrounding the building is also shown.

PlANT SITE

To provide space for brick storage and for eventual expansion, a site of
level, well-drained land having suitable clay or shale material, comprising
at least 10 acres 'Would be desirable. The site should be as advantageously
located as possible with respec~ to transportation, power, water, fuel,
sources of material, labor and markets. The value of the land is estilriated
at $5,000.

If possible, the plant should be located on a hillside with a road above
the plant. In this wa:y, the materials can flow by gravity into the storage
bins and feed down into the processes. Where this is not lJOssible, the raw
materials can be eleva"ted fran ground level by mechanical conveyor to the
granulator and disintegrator.

BUILDING

About 1.2,600 square feet of floor space as shown below are required for
this plant. In the United States a building of this type, inclUding wiring
and plumbing, will cost about $3. 50 per square foot.

Estimated Cost of Building

Processing and for.ming sections 10,600 square feet

Maintenance section 720 square feet

Showers and locker roans 648 square feet

Office 6li">0 square feet

Grading of yard

Total cost of Building and yard improvement

$ 37,100

2,520

2,268

2,240

872

$ 45,000

POWER

The power consumption will amount to about 2,000 K.WcH. per d.a\y. The
annual cost of power is estimated at $10,000.

WATER

The cost of water including that required for sanitary purpcses and fire
protection is included in the cost of materials since a large amount of
water is used for mixing.

F'JEL

About J.75 tons of coal per week or 8,750 tons per year will be required
for firing brick. At an average price of $4.27 per ton the annual cost of
fuel would be a.bout $31,363.
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PERSONNEL REQUIREMENTS

Table V

Direct labor

Needed

Quarry 'Workers (power shovel
and dump truck operators) 3

Hourly. production employees
First shift 28
Second shift (to tend
dL~ers and kilns) 4

Hourly rated employees
(helpers and learners) 4
Week-end tenders and material
handlers f'or dryers and kilns 5

Totals 44

Table VI

Indirect labor

Anrlual
Hourly Estimated Actual
Rate Cost Cost

$2.00 $ 12,000 $

1.75 98,000

1.50 12,000

1.25 10,000

1.50 15,000

$147,000 $

Manager
Foreman
Maintenance man
Bookkeeper
Truck drivers ( delivery )
Secretary clerk

Tota.ls

Annual
Hourly Estimated Actual

Needed Rate Cost Cost

l $ $ 8,000 $
1 6,000
1 2.00 4,000
l 5,000
2 1.50 6,000
1 4,000

7 $33,000 $

KEY MEN AND SKILIS

The plant manager should be a ceramics engineer and he should be thorough­
ly experienced in the handling of ce:.r-amic production problems. The fore­
man should be a leader and have a good. understa!lding of' the plant and
production. The maintenance Then should have ~uf'f'iciEmt mechanical and
electrical skill to maintain the plant equipment. The power shovel and
dump truck operators should be skilled in the operation of' heavy equip­
ment. The balance of' the employees are unskilled in the sense that they
do not require extensive prior training.
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DEPRECIATION

Table VIII - Estimated depreciation schedule

Actual Year's Estimated Actual
Item Price Price Life Per Year Per Year

Building $ 45,000 $ 20 $ 2,250

Production tools
and equipment 315,240 10 31,524

D.unptrucks 12,000 4 3,000

other tools and
equiIJIllent 7,700 10 770

Deli.very trucks 12,000 4 3,000

Furniture a.n.J.
fixtures 1,400 10 140

Total $ 393,340 $ 40,648

SUPPLIES

Item

Inbricants

Hand tools

Maintenance materials

Office- supplies

Maintenance of trucks

Total

-15-

Annual Annual
Estimated Actual

$ 300 $

500

1,700

500

2,000

$ 5,000



Item

Deprecia.tion

Indirect labor

Supplies

Power
]\leI

Total

MANUFACTURING OVERHEAD

Estimated

:I; 40,648

33,000

5,000

10,000

37,363

$ 126,01l

FIXED INV:ES'IMENT

Actual.

land

Buildings

Production Tools and
Equipnent

other Tools and Equipnent

D.unp Truck

Delivery Truck

Fumiture and Fixtures

Total

WORKING CAPITAL

L'irect Material Inventory - 30 d.a\Ys

Direct Labor - 30 d.a\Ys

Manufacturing Overhead - 30 da\vs

Reserve Sales Collections - 30 ~s

Total

315,240
7,700

12,000

12,000

1,400

$ 740
12,250

10,500

40,583

$ 64,073

Fixed Investment

Working Capital

Total

CAPITAL REQUIREMENTS

$ 398,340
64,073

:I; 462,413
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Brick of the camnon red type sell for $40 per thousand. ~s includes
delivery within a ten mile radius in truck load. lots of 3,100 brick.
Based on this selling 1)rice, the annual gross sales would amount to
$487,000. When brick is sold at the 1)lant an allowance is usually made
to offset delivery cost.

RECAPrI'UIATION OF COSTS i SAlB3 AND PROFITS

Direct 1v!.aterial

Direct labor

Manufacturing Overhead

Total Manufacturing Costs

Interest on !Dans

Insurance

Legal

Auditing

Unforeseen Expense

Total Administrative Costs

Sales Camnissions, Travel,
Freight OUt, Bad Debts,
Discounts and .AJ..lowances

Frofit before Taxes

Total Annual Gross Sales

Estimated

$ 8,800

147,000

126,Oll

$ 10,000

2,000

1,000

2,000

15,189

-17-
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BUOOF:r CONTROL

A requisition f'orm deSi.gned to provide accura.:te records of' procurement
and ind1.cate the purpose of' procurement vith "the 1east amount of time
and ef'f'ort is shown on "the following page.

This f'orm. has an account number f'or each "type of' 'the various exper:di­
tures which the manager vill review i.n de1ia1l, monthly or oftener, in
order to control his expenses. Sane items, such as power and water,
are usu.ally under contract and are easily checked by reference to
montb..ly bills. For simplification, items (marked with an asterisk
below) are emitted :fran the purchase requisiti.on. Variations in the
labor costs are easi1:yreviewed by examination of' the PlQ'rOll vouchers.
The sm.plified "GYPe of control thus provided makes certain that the
manager can control expenditures prallpt]y.

Following the requisition form, a samp.le voucher check is shown.
Voucher checkS should be used f'or 'the ~ent of' all. expenditt.lres and
'the appropriate book account number placed on each voucher.

At the end of' ee.ch month the menager will re~eive a statement of all
expenditures broken down by budget accounts. If' the expenditures ex­
ceed the budgeted monthly allowances of' any of the accounts, the
bookkeeper Yiil furnish the manager vith a break-down of all expendi­
tures relative to the budgeted accounts exceeded.' All these supporting
data can be secured by reference to the purchase reqUisi1iions and the
check vouchers. This reference will enable the maneger to determine
what caused the over-expenditure and take corrective acti.on.

If at any' time during each month it beccmes apparent that expenditures
Will exceed &JY of the budget accounts, 'the l'>ookkeeper will bring this
to the attention of the manager for his information and action.

BUroET CONTROL ACCOUNTS

Monthly Monthly Annual.
Account Number ~nse Budget Budget Actual

10 Administrative $ $ 1,250 $ 15,000 $
20 5ales 5,416 65,000
30 Direct Materials 133 8,800
40 SUpplies 416 5,000
51 Power*' 833 10,000
52 Water*' 0 0
53 Fuel 3,113 37,363
60 Unforeseen Expense 1,800 i5,189

(Reserve Account)
71 Direct Labor*' 12,250 1.47,000
72 Indirect labor*' 2,150 33,000
80 Depreciation

(Reserve Account) .40.00

Note: Administrative includes interest on loans,
insurance, legal and auditing.
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PUnCHASE REQUISITION I C(J(PANY NAME MTE

0 10 AllflNISTRATION 0 40 SUPPLIES

[J 20 SAI..ES [J 50 UTILITIES

0 30 MATERIAIS 0 60 UNFORESEm EXPENSE Ii

INDICATE BEIDW THE \JSE OF MATERIAIS Ii

0 DIRECT MA.TERI.A.IS 0 MAINTENANCE SERVICES Ii
V

[J MAINTENANCE MA.TERI.A.IS 0 OPERATING SUPPIJE> I'

DELIVERY WANTED
PlEASE ORDER THESE MATERIAlS OR SERVICES I,

.'.QUANTITY DESCRIPrION UNIT TOTAL
.....

I
I

- -r

I
I

I I
I jI

1 I

! 1
I I

I,
I

I I
I

I

I II
,

I I II I
I

I TI f

I

j Ij

I I ,
I 1

QUOTES IREQJ.JISITIONED BY

FROM

I
QUOTES APPROVED BY
FR(!.{

1

I I
I

QUOTES : ORDER NO. IORDER MTE'
:moo: i

I I
-19-



R. W. MITCHELL MANUFACTURING COMPANY
1.22 BOSWORTH STREET. S. E.

65-22
514

ANYWHERE. U. S. A..__~ _ 19 No. 10000

PAY __________________--:- -----------------------DOLLARS $ _-,--__

I

~
I

TOTHEORDEROF r

L
To~STNAnONALBANK

.A.Nl'WlIERE, U. S • .A..

ACCOUNT NUMBER

"l

..J

BY

R. W. MITCHELL MANUFACTURING COMPANY

SAM·PLE CHECK
VICE PRESIDENT

Ssmplevoucher check to be used tor the payment of
all expenditures in connection with Budget Control.

R. W. MITCHELL MANUFACTURING COMPANY



ENGINEERS

The services of professional engineers are desirable in the
design of this plant, even though the proposed plant is small.

A correct design .i8 one which provides the greatest economy
in 'the investment of funds and establishes the basis of opera­
tion that will be most profitable in the begirming ElJJ,d Wi.ll
also be capable of expansion without ex-pensive alteration.

The addresses of professional en6!peerswho specialize in
indu.strial design, sane of 'Whan ID..V be willing to undertake
such work on low cost projects ovel'seas, can be secured by
reference to the published cards :tn various engineeri.ng magazines.
Theym<3\Valso be reached through their national organizations,
one of ~ich is the

National Society of Professional Engineers
2029 K Street, Northwest,
Wcshington 6, D. C.

Manufacturers of industrial eqUipment E'lIlploy engineers familiar
with the design and installation of their specialized products.
These manufacturers are usually willing to give prospective
cust.aners the benefit of technical e.dvice by those engineers in
deter.mining the SUitability ot their eqUipment in any proposed
project.

The equipnent manufacturers also know, and can recamnend,
professional engineers in privat~ practice, who are willing and
able to prOVide approp::oiate consulting services.
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TRAINING

Manufacturing an inferior quaJ.ity of product during the training
period could create sales resistance that might be difficult to
cope with later. To avoid such possibilities, the quality of the
product should be maintained at all times, including>the training
period.

In sane areas skilled operators Jl18\Y be available localJ.y. In other
areas ell the operators lD8\Y' have to be trained.

If skilled operators are not· available, adequate tra1n1ng would be
assured by using one or more of the following methods:

A. If. 'the plant is designed and installed by' a canpetent
engineering firm, the contract should be negotiated, if
possible, on a turn-key basis,. On this basis the contrac­
tor agrees to operate the plant and produce thequa11ty
and quantity of the product.' stated in the contract for an
agreed period of time. Such a contract would assure
adequate personnei training, ,sin· ,;e fUll quantity and. qual!ty
could nC't be produced with an untrained ,organization.

B. The, engineering finn that designs and installs the plant
can usual~ make training arrangements ,.' to have key personnel
placed, for training purposes:1 in a foreign industry that
produces the same type of product. This would provide
training for the key personnel while the plant is being
installed.

C. If neither of the above methods is ppssible, then qualified
and experienced individuals should be employed for the key
positiona, either permanently or te4porarily, to perform
the key operations and assist in training the organization,
even if' they must be secured outside the country.

D. The manager should have years of successf'ul experience in
this type of business and be fully qnalified in all phases
of management, including the training of employees.
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SAFETY

There is always danger of accident and injury in any
industri8.l plant.. Because of this, the manager should
take specific action to bring to the attention or each
employee the importance of safety precautions and in­
telligentfirst aid.

Practically all machines have safety applia.11.ces, and
the manager should see that these are in good working
condition and that the operators are making full use of
them.

In addition to constant watchfUlness to make sure that
all practicable sa.fetyprecautionsare taken, first aid
supplies should be readily avail:ble. Onecamplete
first aid kit should be maintained near the man~erfs

offic·e, and others at appropriate places throughout the
plant. Sane of t,;.,.e employees shOUld be trained to pro­
vide first aidssTVice.

The use of accident posters in the plant have proved to
be of value in reducing accidents. It is recommended
that such posters be used, and that same direc~ special
action be taken by the manager, at least once eac!~ month,
to bring to the attention of all personnel the impc.\rtance
of safety precautions.

A fire brigade should be establisnedand. each menb'~r

trained as to his responsibility in case of fire. Fire
drills should be conducted periodically.

It is recamnended that the employees be encouraged to
offer suggestions or recommendations relative to preven­
tion of accidents, removal of fire hazards and maintaining
general interest in all safety factors •
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SUMMARY

A small plant,built and operated according to the assumptions made
in this manual would be a profitable undertaking.

There are sane .detenninations, however, that should be made before a
decision is reached to bUild and operate such a plant. Among the
necessary detenninations to be made are those with respect to the
following items:

MATERIAIS AND SUPPLIES_

L Are all materials and. supplies available locally?
2. Is the local material market canpetitivet
3. Are satisfactory delivery of local materials assured at reason-

able prices?
4. What materia.ls.and supplies must be imported?
5. Are they available in world markets at canpetitiveprices?
6. Would pranpt delivery of imported materials &;rl.dsupplies be

assured so that large inventories would not be required?

MARKEl' FACTORS

1. Is there alreaqy a demand for the product?
A. Who are the principal consumers?
B. Who are possible new consumers?

2. How is
A.

B.

C.
D.
E.

demand. for the product now satisfied?
By local production? If so, what is the volume of annual
production?
What percentage of consumption is filled by local produc­
tion?
By imports? If so, what is the volume of annual imports?
What percentage of consumption is met by tmports?
Fran what areas are imp0rts derived?

3. What is the estimated annual increase in loca1. consumption over
the next :five years?

A. How 'Were such estimates made?
B. By. reference to official figures on population growth,

family bUdgets, imports, etc.?
C. By consultation With trade or industry,ministriE'3,

associations, b&lkers, commercial houses, wholesalers,
retailers, indu~trial consumers, etc.?
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SUMMARY (Continued)

4. If the product is alreaA ,. l;)eing manufactured, can t.he eXisting
and estimated future ] ~X', market absorb production of the
new plant without pri(,~ ~utting or other dislocations?

5. Would the estimated sales price and quality of the new product
make it ccmpetitive with an imported eqUivalent?

A. After adjusting cost to local conditions, is the
estimated sales price of the proguct so high that
tariff protection is necessary to protect it from
imports?

EXPORT MARKETS

1. Could the product compete in export markets on the basis of
price, quality and dependability of supply?

2. Can export markets for the product be developed?
3. If so, ·in what areas and in what 6lwua.l volume?
4. What procedures would be necessary to develop export markets?
5. What would it cost?

MARKEI'ING PROBLEMS

L In calculating costs of the product, has adequate allowance been
made for the expense of a sales department, advertising and pro­
motion that might be required?

2. Do consumer prejudices against locally manufactured products
exist?

A. If so, why?
B. Would they apply to the new product?
C. If so, how could they be overcane and what

would it cost to do so?

3. Do marketing and distribution facilities for the product eXist?
A. If not, can they be" set up?
B. What would it cost to do so?

4. Will the product be sold to:
A. Wholesalers?
B. Retailers?
C. Direct to consumer?
D. Other industries?
E. Government?
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StHWlI (Continued)

ECONCMIC. FACTORS

1. How much .toreign exchange (and in what currency) is required .to
import machinery,equipnent and·· supplies:

A. How much foreign exchange (and in what currency) is
required for annual interest P8\YD1ents and 8Dlortization
of any loans· contracted to import macb1 nery and equip­
ment,or for paymert of ro,yalties and technical services?

B. How much foreign exchange (and in what currency) is
required for annual. import ot raw materials and supplies?

C. What are estimated annual f'oreign exchange earnings and
in .what currencies?

D. Has careful consideration been given to the possibility
of· depreciation in the· foreign exchange value ot the
local currency?

E. Has careful consideration been given to the possibility
O,fimport controls, or restrictions on availabilities. ot
foreign exchange necessary to operate the business?

F.Whatbenefits would the new business bring to the econ<JIIY
in the use of local· raw materials : in employment and. in
technology?

G. Do dependable facilities exist for transportation, power,
fuel, 'W'8.terandsewage?
(1) If not, can existing defic.iencies be eliminated

satisfactorily?
(2) What would be the cost to do soT

PERSONNEL

1. Is there an adequate labor supply near the plant location?
A. If not, how can the problem be solved?

2. Can the problem 'of training canpetent management and super-
visory personnel be solved?

A. Also, the training of skiLled labor?
B. Is teclullcal advice available in the locality?
c. If not, where can i tbe obtained and what willit cost?

lAWS AND REGtrLATIONS

1. Do existing labor laws, government regulations, lavs and taxes
favor establishment of new business?

A. It not, can existing obstacles be removed?
B. If' so, how andwhen'l
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SUMMARY (Continued)

FINANCIAL FACTORS

1. Technical. adVice on selection of machinery and equipnent.
A. In selecting the machinery and equipnent for the

new pl8.I~t, have reputq,.ble and canpetentengineers
and technicians been consulted?

B. Have they been asked for advice on the most suitable
types of machinery and equipment for the process and
J.ocality?

C. Have theycarefuJ..ly canpared costs of various suppJ.iers?
D. Credit tenns offered purchasers'?

:FINANCIAL REQUImMENTS OF THE PROJECT

1. In esttmatingthe cost of the project, has carefuJ.. considera-
tion been given to:

A. The effect oncosts of del~s in construction schedules?
B. In delivery and installation of machinery andequipment"l
C. Inimpo~t of essential raw materials and suppJ.ies?

2. In calculating cash fJ.ow and working capital requirar.,ents, has
careful. consideration been given to:

A. Maintaining adequate inventories of raw material.a'?
B. Supplies and spare parts?
C. Seasonal fluctuations in the "business?
D. The time required to liqUidate credit sales to

custaners and bad debts'?
E. The period necessary to get the plant into

production?
F. Cash required· to amortize its principle loans?

3. If the econCIDY is in a period of' inf'J.ation, has :fuJ..J. alJ.owance
been made for the intJ.uence of rising prices and wages on the
cost of the project and on workingcapital requirementS"l

SHORT TERM BANK CREDITS

1. Has it been possible to make arrangements with local. banks to
finance short-t:i:meworking capital requirements of the business?

FINANCIAL PLAN

1. Has a. definite plan to finance the project been worked out?
A. Is sufficient capital available J.ocal.1y?
B. If not, what is the pJ.an to obtain the required

capital?

-27-



BIBLIOGRAPHY

Textbooks

The •CJ.a¥ Worker t s Handbook

CJAy Working Problems

Periodicals

The Brick and Cl~.Record

Ceramic Industries

ABBREVIATIONS

Foot or feet

J. B. Lippincott Ccm.pany
East Washington Square
Philadelphia ·5, Pennsylvania

Brick and Cl~ Worker
Industrial Publications Inc.
5 South Wabash Avenue
Chicago 3, Illinois

Brick and Clay Record
5 South Wabash Avenue
Chicago 3, Illinois

Brick and Clay Record
5 South Wabash Avenue
Chicago 3, Illinois

II

lb.

lbs.

@

H.P.

K.W.H.

B.T.U.

B.C.

Inch or inches

Pound

Pounds

Percent

At

Horsepower

Kilowatt hour or hours

British thermal. UIlit or units

Between Centers

-28-



-
29

-



Dumping clay

Hoppe r into which clay is dum.ped

Figure 2 - Delive ry of clay to the plant
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Figure 4 - Pug mill in operation
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Stacking brick on cars

Entrance to drying tunnel

Figure 6 - Brick drying operations



Figure 7 - Stacking bricks in kiln
for firing
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