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FOREWORD

This manual is a revision of an earlier report of the same
type issued in 1955. This revised version includes current
costs of labor, machinery, equipment and supplies, as well as
additional information relative to engineering, training,
safety, markets, sales, financial and econamic factors.

¥ N X R K KK

This manual is designed to provide a general picture of the
factors which must be considered in establishing and operating
a small-scale factory of this type. It should prove useful in
creating interest in the subject, and serve to give enough
understanding of the related considerations to help govermment
officials, other leaders and businessmen to determine whether
the potential deserves more-detailed attention.

However, it is important to note that in most cases plans for

the actual development and installation of a plant will require
expert engineering and financial advice in order to meet specific
local situstions. For further information and assistance,

readers should contact their local Productivity Center, Industrial
Institute, Servicio, or United States Operations Mission.

Mention of the name of eny firm, product, or process in this
manual is not to be considered a recammendation or endorsement
- by the International Cooperation Administration, but merely a
citation that is typical ' in its fileld.

¥ % K N IR *

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

Technical information, as well as review, was provided by
“R. Poliakoff, Industrial Consultant, 126 Eleventh Avenue,
New York 11, New York.

LR 2 A AR AR R

This manual has been revised and rewritten by
Ceorge H. Andrews Engineeriag Associates,. Inc.
411 Southern Building, Washington 5, D. C.

April 1959
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BUILDING BRICKS

INTRODUCTION

Brickmaking is one of the oldest industries in history. Many
mechanical developments and changes in production methods hzve
been made through the years to increase production capacity,
reduce costs, and to permit rigid size, shape, and gquality spe-
cifications. Th. basic operetions, however, have remained the
same.

Brick is made by molding clay or shale into the desired shape
and size vhile moist and plisble, and drying or hardening it in
the sun or in heated ovens. When sufficiently baked, or fired,
the brick is used as a building or paving material.

The processes for making brick are comperatively simple. The
basic principles are accepted as standard throughout the industry
today. Many deviations fram standard methods have been developed
and adopted by various plants because of specialty produvet require-
ments, and lsbor and social legislation. To simplify the problem
of setting up a brickmaking plant, however, only the customary
methods are described here.

There are three basic methods of making brick. They are:
1l. the dry press method,
2. the stiff mud method, and
3. the soft mud method.

" The dry press method is usually used in the manufecture of fire-
brick and various refractory shapes. The stiff mud and soft mud
methods are most comnonly used in manufacturing bulilding brick in
the United States. The raw materials are the same, regardless of
the method.

The soft mud method consists of pressing the prepared materials into
wooden molds. In the stiff mud process, the material possesses
enough cons. stency and strength to support its own weight so it can
be extruded and cut into the desired length.




The soft mud method was chosen as the subject of this report because
it can be adapted to the variable conditions of climates easier than
the other methods, and because:

l. A wider range of clays and shales can be used,

2. The equimment is more readily adapted to different
material qualities, and different sizes and shapes
of brick, and

3. lLess equimment is required.

Therefore, this report pertains to the soft mud method of making
camnon building brick. '

GENERAL ASSUMPTIONS

In order to make realistic estimates » certain assumptions must be
mede. These are:

1. The costs of building, equipment, and material
necessary are based on-United States prices.

2. ledvor costs used are the average for the industry
and skill described, based on recently published
figres of the United States Bureau of Iabor
Statistics. .

3. All other costs, statistics, and figures are based
on current United States prices.

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

5. Adequate transportation facilities are available
~ at the plant site.

6. The plant operates on a 40-hour week -- & one-
shift labor force.

T. DNo special provision is made in the calculations

for training of new personnel. It is assumed that
learner's rates are paid in such cases.



8. The following items cannot be estimated realistically:

A. ILand value

B. Distribution methods and selling costs
C. In-freight and out-freight

D. Taxes

While general estimastes will be made of each of these items
for the purpose of campleting 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 conform 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.

PRODUCT SPECIFICATIONS

The brick used as the basis of this report is limited to one standard
vhich is camparable to tke cammon red brick used by the building
trades in the United States. The specifications of this brick are as
follows:

Length ... 8
Width B e T L
Depth C e e .. g
Weight (dry) . . . . . 5 lbs.
Color* -« ... Clay red

*Color: Natural color (red) resulting fram the firing action upon the
iron oxides in the clay. :

Production is limited o one size of brick to minimize the initisl cost
of setting up the plant. Equipnent and setup changes will be kept at a
minimm by producing only this one basic size: the costing and pricing
procedures will be easy to maintain, raw materials can be kept at a
minimum, and the production loss resulting from mexpenenced labor will
be kept at a minimum.

With the stiff mud process, it is also possible to make hollow brick.
Specifications are the same as for the solid brick Jjust described,
except that there are three holes about 3/4" in diameter going through
.the 24" dept. The main advantage of this hollow brick is reduced
shlpping costs. Actually, production costs may be as much as 10% higher
as it takes much more power to make the holes -- which are made by

extruding.



With the soft mud process, it is not possible to make a hollow brick.
It's not possible to maintain the sand structure -- the slipping &gent.
However, it is possible to campensate by use of & frog or panel. A
frog is & depression on one side of the brick which 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 making
the solid brick with a frog as compared to a plain solid brick. There-
. fore, there is no distinction made between the two types for the re-
mainder of this report.

MANUFACTURING OPERATIONS

There are seven basic operations in the manufacture of brick us:.ng
the soft mud process:

1. Mining (winning)
2. Preparation

3. Pugging

k., Molding {forming)
5. Drying

6. Firing {burning)
7. Inspection:

However, before ctarting full scale manufacturing operations the clay
must be tested to ascertain its suitability for use in brickmaking.

This step is of the utzost importance and is, therefore, discussed in
the following paragraph prior to discussion of the seven steps ment:.oned
above.

Testing of clay

While cleys and shales suitable for brickmaking are found in many
different places, it is essentisl that the clay be tested before using
it in regular production. The full procedure for testing clay requires
considerable experience in the brickmeking field. ZEssentially, the
testing is done by making sample lots oi‘ brlck and testing them after
processing or firirg.

A chemical test, however, may be prepared in a laboratory equipped for
testing soils at an approximate cost of fifty dollars ($50.00). This
test would show the camposition and proportions of the main chemical
elements in the clay. The chemical test would cover the suitability of
the clay within broad limits only. Such a test would, in effect, be a
negative one, in that it might show up certain undesirable characteristics
in the clgy. However, it would not prove conclusively that the c¢lsy being

lia



tested would be definitely suitable for brickmaking. The real test
would be in msking sample lots of brick, with clay samrles taken from
different areas of the clgy deposit. The most importent points to
look for in the test are (1) the fusion point of the clay, and {2) the
burning behavior of the brick.

- Initial tests should be made by a techalcian with & full knowledge of
the procedure. Subsequently the foremun or man in charge of the plant
mey make the necessary tests when it vecames necessary to teke the
initial supply of clay from a n-w deposit. One acre of clay deposit
should make 850,000 bricks per foot of depth.

Mining (or winning)

Mining is the operation of digging the rav materials fram the earth and :
delivering it to the plant site. The mining method will depend upon local

corditions such as depth of supply, distance fram the plant, and gquantity
available in 2z particuler location. The clsy would be dug with a power ;
shovel and loaded on & dump truck. It wouid be hauled by the txuck to the
plant. Figure 1 shows a diagram of a power shovel for this purpose. ‘

Figure 2 illustrates the operation of d:mping the mined clay at the
plant. The upper photograph illustrates the dumping operation. The
er photograph shows the hopper into which the clay has been dumped.

The mining operation should meaintain a few days' supply of material in
advance of the plant needs. The practice of storing the raw materisl
has, in the past few years, proven to have several sdventages vhich are
worth vhile.

1. Flant production is not interrupted by delays or
breakdowns in the mining opera.t:.on.

2. The weathering effect of storing the materials

makes them more workable and tends to improve
the product.

Preparation

Preparation consists of removing foreign materials from the clay or
shale that is obtained in the mining operation. In the preparation, the
clsy or shale is processed into a satisfactory plastic condition for
molding. The preperation processes for shale and clay differ due to the
differing native conditions of the two materials. ‘

There are"oa.sically two methods of preparing clay. It can be soasked |
over night with water and the stones end other foreign matter removed



by hand the next day, or mechanical equipment can be used for the
primary reduction (grinding) and pug milling. The mechanical method
provides the most uniform and consistent quality on a day-to-day basis.
ixcessive losses can be expected in the molding, drying, and firing
operations if proper preparation and quality control is not maintained.

‘The preparation is hendied with two machines; a granulator und a dis-
integrator. The granulator bresks down the material by impact of
rotating blades. It is illustrasted in figure 3. The disintegrator
is usually a two-roll crushing type machine that breaks down or pul-
verizes the material.

Shale requires both grinding and screening (and is, therefore, more
expensive). This operation is performed in a dry pan machine in which
the shale is finely ground and screened to obtain a uniform, granulear
size. The ground shale is stored there until required at the pug mill.

The processes and costs presented here are limited to the production
of brick with clay to maintain & minimm capital requirement.

Pugging

In this operation water is added to the prepared shale or clay. Figure 4
shows a photograph of the mechanism of a pug mili. The operation is the
same for either type of raw material, and approximately the same quantity
of water is needed for plasticizing purposes. It is important that not
too much water be added; approximately 16 oz. are needed for each 5 pounds
of clay or shale. As the water content increases, shrinkage in the dry-
ing and burning increases. This results in losses of material in process
and defective brick.

Molding (or Forming)

Molding is the operation of putting the brick into the desired shape and
size. In the soft mud process, it 1s perforuned by mechanically pressing
the pugged material into forms. Figure 5 shows an autometic brick
machine of the type covered in this report. '

When the raw material has been through the pug mili, it is moved into a
hopper at the brick press. The press autamatically moves the material
Ifrom the hopper in measured quantities to the chamber under the press
plunger. The material is fed into the form through die openings with
each down-stroke of the machine. The filled mold is removed on the up-
stroke and an empty mold is inserted.

pxcess material is then removed fram the top of the mold witk an
operation called "strikeoff". The mold is thien tapped with a mallet, or
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bumped on the sides and ends, to loosen the brick in the mold. Bricks
are then removed fram the mold. This operation is called dumping. It
is performed by inverting the mold onto a pallet.

The empty 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 machine utilization.

Striking and dmnping ere hand operations performed by helpers at the
brick press.

Production losses should not exceed 5% of the original raw material.
Plant capacity is usually established in gross figures; net production
is determined by subtracting the losses in forming, drying, and firing
from the pla.nt capacity figure.

Drying

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

In this operation the molded brick are stacked on small cars. They
must be spaced to permit a maximum of air circulation. They are then
ple.ted in a drying tunnel. Figure 6 illustrates the drying operation.
‘The 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 fram 28 to 48 hours in a waste heat drying.
tunnel. To obtain the best yield, the dryer tunnel must be controlled
according to the physical properties of the raw material, and the
humidity of the drying air must be controlled to prevent the formation
of "checks" (smell cracks) in the brick which are caused by tco rapid
removel of moisture fram the outside surfaces.

Firing

Firing, or burning as it is sometimes called, refers to a kiln opera-
tion in which the clay 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.



Fuel costs for drying will vary with the characteristics of the clay
end 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 conditions snd with the fuel available in
any particular locality. It is estimated that the specified produc-
tion would require 175 tons of coal per week.

After firing, the brick is drawn from the kiln, allowed to cool slowly,
and pvt into storage to await delivery .o the buyer.

Inspection

Inspection requirements for cammon building brick are not too rlgidly
set. The main quality considerations are:

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

The inspection operation can be performed after the campletion 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 from this plant will he 243,505 brick of
the cammon, red, buildiag type. The means of determining this quantity
and the materials required are shown in the following calculations.

Calculation of Production Quantity

Estimate Actusl

Brick molding machine capacity per hour
(gross brick) (20 molds/minute x 6
brick each mold x 60 minutes) 7,200 brick
Working time in hours per day
(allowing 12.5% time for unavoid-
able and personal delsys) T.12 hours
Brick formed per day 51,264
Iess: Expected 5% loss in forming,
drying, and firing 2,563 brick
Net production per day 48,701 L
Net production per five-day week
(40 hour week) 243,505
Net annual production per 1000 units 13,175

8-



DIRECT MATERIAILS

Clay
51,264 gross brick per day @ 5 pounds each = 256,320 pounds per day
= 128.16 tons per day
= 32,040 tons per year
Water

Approximately 16 ounces for each 5 pounds of clay
or one United States gallon for each 4O pounds of clay.

256,320 pounds of clay per day — 40 = 6,408 gallons per day
1,602,000 gallons per year

*Parting sand (For dusting brick molds)

100 pounds/1000 brick
51,264 brick/dsy x .10

.10 pounds/brick
640.00 tons per year

1]

5,126.4 pounds

* Note: The sand imparts its color characteristics
to the finished brick and because the sand acts as
a slipping agent, it affects the quality of the
brick as the brick is removed from the mold after
forming. This sand is an important material and
requires careful 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 renge. The prospec-
tive manufacturer will have to experiment with the
sands in his locality to obtain the best sand to
use with the clay and shale available.

Table I - Direct materials needed for one year's production

QUartity Estimated Kctual

per Unit Total = Unit Total

Material Year Price Price Price Price
Clay 32,040 tons $.05 $1600
Water 1,602,000 gallons .0025 4000
Sand 640 tons 5.00 3200
Totel annual cost $8800




PRODUCTTION TOOLS AND EQUIFMENT

Table II lists the equipment required in clay mining end production of
brick for a plant of this size, with a total estimated cost of $327,240

in the United States.

Table II
‘Estimated Actual
Units Unit Total Unit Total
Description Required Price Price Price  Price

Power shovel, 2/4 yard cap-

acity - self propelled

with gasoline motor 1 $22,000 $22,000
Dump truock, 4-ton capacity 2 6,000 12,000
Granulator, 15,000 bricks

per hour capacity 1 8,000 8,000
Disintegrator and 2 roll

crusher, including 21' con- _

necting conveyor 1 12,000 12,000
Pug mill, 10,000 bricks per

hour capacity 1 8,000 8,000
Autamatic brick machine,

13,500 bricks per hour cap-

acity with unloader 1 33,000 33,000
Molds for brick machine 30 20 600
Tunnel dryers, 110' long X

L' wide x 63 1/2" high above

tracks with recirculating

air facilities 6 14,000 84,000
Cars for drying tunnel, 90"

long x 45 1/2" wide x 60"

high 145 100 14,500
Pallets, 36" long x 11" wide

x 3/4" thick with 1" air ;

spaces - 1k gauge galvanized :

sheet steel 12,760 1.50 19,140
Kilns, 30' inside diam.-

80,000 bricks capacity 7 16,000 112,000
Conveyors, belt conveyors

connecting raw material

supply, granulestor, dis-

integrator, roll crushers,

and pub mill 100 feet 20 2,000

Total $327,250
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OTHER TOOLS AND EQUIPMENT

Table III lists the necessary items of equipment for maurbenémce ,. and
other non-manufacturing functions, showing a total estimated cost of
$l9,700 in the United States.

Table III - Tools and equimment required other than for prdduction.

Estimated Actual

Units Unit  Total ~ Unit  Total
Description Required Price  Price Price Price

Brick bearer barrows, 18"

wide flat bottam, high

back 6 ~$ 35 $ 210
Wheel barrows, 4 1/2 cubic

feet capacity for general

plant use 8 Lo 320
Hand tools, such as mallets ’

hammers, wrenches 600
‘Maintenance equipment,\
 16"-18" engine lathe 1 2,020 2,020
Maintenance equimment, 12" o

ped.estal grinder - 2 HP 1l 550 550
Maintenance equipment,

drill press - 1 1/2" ‘ :

capecity, sliding hesd 1 2,000 2,000
Factory supplies 600
Maintenance equiprent,

such as machine shop and

maintenance hard tocls,

grease guns, micrometers :

and pyrometers 1,400 1,k00
Delivery trucks, 5 ton¥ 2 6,000 12,000

Total - $19,700

#*In addition to the 2 dump trucks for haullng raw materials,
2 delivery trucks will be required.




FURNITURE AND FIXTURES

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

Tgble IV - Furniture and fixtures

; Estimated Actual
~ Units  Unit Total = Unit Total
Description ‘Required = Price Price Price Price

Office desks, flat top,

wood, 60" x 32" 3 $150  $450
Offlce 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 18", 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

-12«



PIANT ILAYOUT

Figure 8 illustrates the floor plan of a building that would provide ade-
quate space for the production ofbricks specified in this manuasl. The
approximate locations of the major items of equipment are shown together

with the space requirements of the various departments and areas. The yerd

area surrounding the building is salso shown.
PIANT SITE

To provide space for brick storage and for eventual expansion, a site of
level, well-drained land having suitable clay or shale material, camprising
at least 10 acres would be desirable. The site should be as advantageously
located as possible with respect to transportetion, power, water, fuel,
sou;ces of material, labor and markets. The wvalue of the land is estimated
at $5,000.

If possible, the plant should be located on a hillside with a road above
the plant. In this way, the materials can flow by gravity into the storage
bins and feed down into the processes. Where this is not possible, the raw
materials can be elevated from ground level by mechanical conveyor to the
granulator and disintegrator.

BUILDING
About 12,600 square feet of floor space as shown below are required for
this plant. In the United States & building of this type, including wiring
and plumbing, will cost about $3.50 per square foot.

Estimated Cost of Building

Processing and forming sections 10,600 square feet '$ 37,100

Maintenance section 720 square feet 2,520

Showers and locker rooms S48 square feet 2,268

Office 6L0 square feet 2,240

Grading of yard e | 872

Total cost of Building and yard improvement $ 45,000
POWER

The power consumption will amount to about 2,000‘K.W‘H. per dey. 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.

FUEL

About 175 tons of coal per week or 8,750 tons per year will be required
‘for firing brick. At sn average price of 4,27 per ton the annual cost of
fuel would be about $37,363.



PERSONNEL REQUIREMENTS

Table V
Direct labor
Anraal
Hourly Estimated Actual
Needed Rate Cost Cost
Quarry workers (power shovel
end dump truck operators) 3 $2.00 $ 12,000 $
Hourly production employees
First shift 28 1.75 98,000
Second shift (to tend
dryers and kilns) b 1.50 12,000
Hourly rated employees
(helpers and learners) L 1.25 10,000
Week-end tenders and material
handlers for dryers and kilns 5 1.50 15,000
Totals hy ‘ $147,000 $
Table VI
Indirect labor
Annual
Hourly Estimated Actual
; Needed Rate Cost Cost
Manager 1 $ $ 8,000 $
Foreman 1 6,000
Maintenance man 1 - 2.00 L ,000
Bookkeeper 1 ; 5,000
Truck drivers (delivery) 2 1.50 6,000
Secretary clerk 1 4,000
Totals 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 ceramic production problems. The fore-
man should be a leader and have a good understanding of the plant and
production. The maintenance mén should have sufficient mechanical and
electrical skill to maintain the plant equipment. The power shovel and
dunmp 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.

14w



DEPRECIATION

Table VIII - Estimated depreciation schedule

Actual Year's Estimated Actual
Item Price Price Life Per Year Per Year
Building $ 45,000 & 20 $ 2,25
Production tools
and equipment 315,240 10 31,52k
Dump trucks 12,000 L 3,000
Other tools and |
equipment 7,700 10 770
Delivery trucks 12,000 L 3,000
Furniture and
fixtures 1,400 10 140
Total $ 393,340 $ ho,648
SUPPLIES
Annual Annual
Ttem Estimated Actual
Iubricants $ 300 $
Hand tools 500
Maintenance materials 1,700
Office supplies 500
Maintenance of trucks 2,000
Total $ 5,000

-15-



MANUFACTURING OVERHEAD

Item BEstimated
Depreciation $ Lo,648
Indirect Labor 33,000
Supplies 5,000
Power 10,000
Fuel 37,363

Total $ 126,011

FIXED INVESTMENT

Land $ 5,000

Buildings 45,000
Production Tools and

Equipment 315,240

Other Tools and Equipment 7,700

Dump Truck 12,000

Delivery Truck , 12,000

Furniture and Fixtures 1,400

Total $ 398,340

Direct Material Inventory

Direct Iabor

Mamufacturing Overhead
Reserve Sales Collections

Total

Fixed Investment
Working Capital
Total

WORKING CAPITAL

30 dsys $ 740
- 30 asys 12,250
30 days 10,500
30 days Lo, 583

$ 64,073

CAPITAL REQUIREMENTS

$ 398,340

64,073
$ 462,413

=16~
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SALES REVENUE

Brick of the common red type sell for $40 per thousand. This includes
delivery within a ten mile radius in truck load lots of 3,100 brick.
Based on this selling price, the annual gross sales would amount to
$487,000. When brick is sold at the piant an allowance is usually made
to offset delivery cost.

RECAPITUIATION OF COSTS. SALES AND PROFITS

Estimated ‘ Actual

Direct Material . $ 8,800
Direct Lebor k7 ,OCO
Manufacturing Overhead 126,011
Total Menufscturing Costs $ 281,811
Interest on Loans ‘ $ 10,000
Insurance : 2,000
Legal | 1,000
Auditing 2,000
Unforeseen Expense 15,189
Total Administrative Costs 30,189
Sales Cammissions, Travel,
Freight Out, Bad Debts,
Discounts and Allowances 65,000
Profit before Taxes 110,000
Total Annual Gross Sales $ 487,000

-17-



BUDGET CCNTROL

A requisition form designed to provide accurate records of procurement
and indicate the purpose of procurement with the least amount of time
and effort is shown on the following page.

This form has an account number for each type of the various experdi-
tures vhich the mansger will review in detail, monthly or oftener, in
order to control his expenses. Some items, such as power and water,
are usually under contract uand are easily checked by reference to
monthly bills. For simplification, items (marked with an asterisk
below) are omitted from the purchase requisition. Variations in the
‘labor costs are easily reviewed by examination of the payroll vouchers.
The simplified Gype of control thus provided makes certain that the
manager can coatrol expenditures pramptly.

Following the requisition form, a sample voucher check is shown.
Voucher checks should be used for the payment of all expenditures and
the appropriate book account number placed on each voucher.

At the end of each month the menager will receive 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 will furnish the manager with & bresk-down of all expendi-
tures relative to the budgeted accounts exceeded. All these supporting
data can be secured by reference to the purchase regquisitions and the
check vouchers. This reference will enable the manager to determine
wvhat caused the over-expenditure and take corrective action.

ITf at any time during each mcnth it beccomes apparent that expenditures

will exceed any of the budget accounts, the bookkeeper will bring this
to the attention of the mansger for his information and action.

BUDGET CONTROL ACCOUNTS

Monthly Monthly Annual

Account Number Expense Budget Budget Actual

10 Administrative $ $ 1,250 $ 15,000 $

20 Sales B 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 15,189
(Reserve Account)

71 Direct Labor* 12,250 147,000

72 Indirect Labor* 2,750 33,000

80 Depreciation -
(Reserve Account) _— 40,648

Note: Administrative includes interest on loans,
insurance, legal and auditing.
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PURCHASE REQUISITION

COMPANY NAME DATE

[J 20 saiss

] 10 aArMinTSTRATION

[0 30 MATERIAIS

[l %o suppLIES
] so urmirTies

[l 60 UNFORESEEN EXPENSE

INDICATE BEIOW THE USE OF MATERIAIS

[] MAINTENANCE SERVICES
[[] OPERATING SUPPLIES

DELIVERY WANTED
PLEASE ORDER THESE MATERIALS OR SERVICES ‘
| QUANTITY DESCRIPTION UNTT |  TOTAL
QUOTES REQUISITIONED BY
FROM
P APPROVED BY
~ FROM
QUOTES ORDER NO. ORDER DATE
FROM | T
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Sy - S . k.

R. W. MITCHELL. MANUFACTURING COMPANY $5-22

1422 BOSWORTH STREET. S. E.

ANYWHERE. U. S. A, | io___ No. ‘10000

} Pay ~ | DoLLARS $ . o

| TO THEORDEROF

r ' i

R. W. MITCHELL MANUFACTURING COMPANY

L .
o FIRST NATIONAL BANK

ANYWHERE, U. S. A, d

SAMPLE CHECK

VICE PRESIDENT

AN L N TN i L Lo e f . o . > - _ [ L v S - -

)

> -

Sample voucher check to be used for the psyment of
all expenditures in connection with Budget Control.

R. W. MITCHELL MANUFACTURING COMPANY



ENGINEERS

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

A correct design is one which provides the greatest econamy
in the investment of funds and establisiies the basis of opera-
tion that will be most profitable in the beginning and will
also be capable of expansion without expensive alteration.

The addresses of professional engzireers who specialize in
industrial design, same of wham may be willing to undertake

such work on low cost projects overseas, can be secured by
reference to the published cards in various engineering magazines.
- They may also be reached through their national organizations,

one of which is the

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

Menufacturers of industrial equipment employ engineers familiar
with the design and installation of their specialized products.
These manufacturers are usually willing to give prospective
custamers the benefit of technical sdvice by those engineers in
determining the suitability of their equipment in any proposed
project. ‘

The equipment menufacturers also know, and can recommend,

professionel engineers in private practice, who are willing and
ahle to provide appropriate consulting services.



TRAINING

Manufacturing an inferior quality 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 some areas skilled operators may be avallable 1oca.]_'ly. In other
areas 8ll the operators may have to be trained.

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

A. If the plant is designed and installed by a campetent
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 the quality
and quantity of the product stated in the contract for an
agreed period of time. Such a contract would assure
adequate personnel training, sin:e full quantity and quality
could nct be produced with ar untrained orgasnization.

B. The engineering firm that designs and installs the plant
can usually maeke treining arrangements to have key personnel
placed, for training purposes, in a foreign industry that
produces the same type of product. This would provide
traiuing for the key personnel while the plant is being
installed.

C. If neither of the above methcds is possible, then qualified
and experienced individuals should be employed for the key
positions, either permanently or teuporarily, to perform
the key operations and assist in training the organization,
even if they must be secured ocutside the country.

D. The mansger should have years of successful experience in

this type of bueiness and be fully qualified 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
industrial plant. Because of this, the manager should
take specific action to bring to the attention of each
employee the importance of safety precautions and in-
telligent first aid.

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

In addition to constant watchfulness tc make sure that
all practicsble safety precautions are taken, first aid
supplies should be readily avail:ble. One camplete .
first aid kit should be maintained near the manager's
office, and others at appropriste places throughout the
plant. Some of the employees should be trained to pro-
vide first aidfsefvice. o

The use of sccident posters in the plant have proved to
be of value in reducing accidents. It is recomended
that such posters be used, and that some direct spe01al
action be taken by the manager, at least once eac: month,
to bring to the attention of all personnel the nmportance
of safety prec&utlons, : :

A fire brigade should be established and eack membor
trained as to his responsibility in case of fire. . Fire
drills should be conducted periodically.

It is recammended that the employees be encouraged to
offer suggestions or recommendations relative to preven-
tion of accidents, removal of fire hazards and.malntaining
general interest in all gafety factors.



SUMMARY

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

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

MATERIAIS AND SUFPLIES.

Are all materials and supplies available locally?

Is the local material market campetitive?

Are satisfactory delivery of local materials assured at reason-
able prices?

What materials and supplies must be imported?

Are they available in world markets at competitive prices?
Would prampt delivery of imported materials and supplies be
assured so that large inventories would not be required?

* .

.

oW W

MARKET FACTORS

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

2. How is demand for the product now satisfied?

A. By local production? If so, what is the volume of snnual
production?

B. What percentage of consumption is filled by local prsduc-
tion?

C. By imports? If so, what is the volume of annual imports?

D. What percentage of consumption is met by'“mports?

E. Fram what areas are imperts derived?

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

A. How were such estimates made¢?

B. By reference to cofficial figures on population growth,
family budgets, imports, etc.?

C. By tonsultation with trade or industry, ministries,
associations, baikers, cammercial houses, wholesalers,
retailers, industrial consumers, etc.?
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SUMMARY (Continued)

If the product is alres: being manufactured, can the existing
and estimated future-l:c: market absorb production of the
new plant without prico-n~utting or other dislocations?

Would the estimated sales price and quality of the new product
make it competitive with an imported equivalent?

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

EXPORT MARKETS

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

Can export markets for the product be developed?

If so0, «in what areas and in what snnusl volume?

~ What procedures would be necessary to develcp export markets?

What would it cost?

MARKETING PROBLEMS

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?

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 overcome and what
would it cost to do so?

Do merketing and distribution facilities for the product exist?
A. If not, can they be set up?
B. What would it cost to dc so?

Will the product be sold to:
A. Wholesslers?
B. Retailers?
C. Direct to consumer?
D. Other industries?
E. GCovermment?
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SUMMARY (Continued)

1.

ECONOMIC FACTORS

How much foreign exchange (and in what currency) is required to
import machinery, equipment and supplies:

A. How much foreign exchange (and in what currency) is
required for annual interest payments and amortization
of any loans contracted to import machinery and equip-
ment, or for paymert of royalties and technical services?

B. How much foreign exchange (and in what currency) is

‘ required for annual import of raw materials and supplies?

C. What are estimated annual foreign exchange earnings and
in what currencies?

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

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

F. What benefits would the new business bring to the economy

in the use of local raw materials: in employment and in
technology?
G. Do dependable facllities exist for tra.nsportation, pover,
fuel, water and sewage?
(1) If not, can existing deficiencies be eliminated
satisfactorily?
(2)° what would be the cost to do so?

PERSONNEL

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

Can the problem -of training competent management and super-
visory personnel be solved?

A. Also, the training of skilled labor?

B. Is technical advice available in the locelity?

C. If not, where can it be obtained and what will it cost?

IAWS AND REGUIATTONS

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

A. If not, can existing cbstacles be removed?

B. If so, how and when?
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SUMMARY (Continued)

FINANCIAYL FACTORS

Technical advice on selection of machinery and equimment.

A. In selecting the machinery and equipment for the
new plant, have reputable and campetent engineers
and technicians been consulted?

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

C.. Have they carefully campared costs of various suppliers?

D. Credit terms offered purchasers?

FINANCTIAL REQUIREMENTS OF THE PROJECT

In estimating the cost of the project, has careful considera-
tion been given to:
A. The effect on costs of delays in construction schedules?
B. In delivery and installation of machinery and equipment?
C. In import of essential raw materials and supplies?

In calculating cash flow and working capital requirements, has
careful consideration been given to:
A. Maintaining adequate inventories of raw materials?
- B.. Supplies and spare parts? ;
C. Seasonal fluctuations in the business?
D. The time required to liquidate credit sales to
custamers and bad debts?
E. The period necessary to get the plant into
production?
F. Cash required to amortize its principle loans?

If the economy is in a period of inflation, has full allowance

been made for the influence of rising prices and wages on the
cost of the project and on working capital requirements?

SHORT TERM BANK CREDITS

Has it been possible to make arrangements with local banks to
finance short-time working capital requirements of the business?

FINANCIAL PIAN

Has a definite plan to finance the project been worked out?
A. Is sufficient capital available locally?
B. If not, what is the plan to obtain the required
capital?
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ABEREVIATTIONS

' Foot or feet
" Inch or inches
1b. Pound
1bs. Pounds

% Percent

@ At
H.P. Horsepower
K.W.H. ° Kilowatt hour or hours

B.T.U. British thermal unit or units

B.C. Between Centers
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Figure 1 - Power shovel of the type used for mining of clay or shale used in the



Hopper into which clay is dumped

Figure 2 - Delivery of clay to the plant-
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Figure 3 - Granulator




Figure 4 -
Pug mill in operation
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Entrance to drying tunnel

‘Figure 6 - Brick drying operations



Figure 7 - Stacking bricks in kiln
for firing
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