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FOREWORD

This brochure is one of a series of reports reauJ.ting from
overeeas teclmical inquiries on factory or commercial estab
lishments, operation, management, and. engineering. The
report is designed to provide only a general picture ot the
factors that must be considered in establishing and. operating
a £actoryot this tyPe. In'most cases, plans for actual
instAllations will require expert engineering and financial
advice in order to meet specific local conditions.

Mention of the nIme of any firm, product, or process in
this report is notio be considered a recommendation or an
endorsement by the International Cooperation Administration,
but merely a citation that is typical in its field.

!nduatrial reports prepared tor ICA under special contract
are customarily reviewed and edited be£ore publication.
This report, however, like other technical inquiry replies,
has not been reviewed; it is the sole responsibility of the
firm that prepared the report.

This brochure was prepared 'in September 1957 by the George
H. Andrews Engineering Associates, Inc., Washington, D. C.
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PLYWOOD

INTRODUCTION

The small plywood plant described in this brochure is
intentled to manufacture plywood panels in a foreign
country, where there is suffioient demand for theee
products and where suoh a looal operation would be
practioable.

The machinery, equipment and methods shown i1'l this
brochure are modern and capabl e of making all grades
of veneer and plywood, including marine plywood. The
plant will operate equally well with either hard. or
soft wood.

GE.lIfERAL Assrnmlmrs

In order to make realistio esti~ates, certain assumptions
must ba made. These are:

1. All COEts, such as those for building,
equipment, ma"lierials and supplies are
based on prices in the United States.

2. The operating costs, inoluding labor
used, are taken :from the aOtual experience
on similar operations in the United States.

3. Adequate power and water are available at
the plant site.

4. Adequate trnnaportation faoilities are
&vailabtea.t the plant site.

5. All estiruates are based on one 8-hour
work shift per day, 5 days per week, or
40 hours per week, except the drier,
which will operate two shifts perd.$.y.



6. Several more '710rkers than are shown in "ths ~di;imate

will "be requi!'ed du::-ing the "training period and
peak production is no"t likely to be a"t"taineduntil
the <whole organiza"tion is thoroughly trained. I"t
is estimated that this training will require from
3 to 4 months.

7. The logs will 1::e ava.ilable for proourement 1008.1lyo
A few varieties for special work may have to be
imported, but the estimates are not based on such
special operations.

8. A market analysis has proved that annual sales of
at least 5,000,000 square feet of pl~MWood are
possible.

9. The f'ol1owing items cannot be estimated realist-tcEI.lly:

A. Land value,
:B. Freight in and out,
C. Distribution and sales cost,
D. Taxes, interest, insurance and other burdens.

While general estima.tes will be made of eaoh of these items,
for the purpose of completing cost estimates, adjus~ents should
be made in accordance with actual local costs.

In fact, all costs oontained in this brochure should be adjusted.
to conf'orm to actual local conditions.

PRODUCT SPECIFICATIONS

The principal prod.uots whioh this small plywood plant is ada.pted
to produoe inolude veneer and plywood. Veneer isa thin layer
of wood-cut f'romlogs in a lathe, or by a saw, Or by slicing.
Ve~eer cutting in this plant is all done in a lathe. Plywood
is made by gluing shee.ts of veneer together, with the grain of
the 'WOod orossing at right angles in e.l ternate layers, or by
glUing sheets of veneer to a lumber core.

The thickness of veneer, the number of' plies, the species of
wood, and the quality of' the produot will vary aocording to
the oust(\mers' requirements, set.:forth in the speoifioations.
~e speeifications may require clear veneer for ·front and back,
if' both sides are to be exposed•. Table tops, desk tops and
ca.se goods tops tor furniture are usually made with a lumber
core. The exaot ~p90itioations are g11" ~rned by the end use.
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Specifications usu::-.:!.ly include, but are not limited to, re
quirements with resDect to the following items:

Species of' wood
Thickness of' veneer
1-Tumber of' plies
Thickness of' core
~hicknesg of finished plywood
Len,7th of p~~nel

Width of panel
Grade or qualit;T of product

The descriptions of manufacturing operations and the cost
estimates included in this brochure are based on the manu
fac~~re of three-ply, hot-pressed, hardwood plywood, with
a sound core or center, a clear face and a defective backo
The sound core may contain defects, such ~s sound knots o

In the back sheet, open knot-holes and splits arepermissableo
The dimensions of the finished plywoo~ panel are 1/4 inch
thickness, 4 feet width and 8 feet lengtho

lUNUFACTURING OPERATIONS

LOG STORAGE AND HANDLING

Many large plywood ma.nufacturing companies have their own timber
lanis and conduct their own logging operations o Most of the
smaller plywoodcompanies purchase the logs they need o This
brochure is base(1~ on securing such logs as are reqUired, specif~...
ing the species of trees from which the logs are cut, the length
of log desired, and the quality of logs acceptable. Logs are
purchased and paid for on the basis of the number of board feet
in the log. The lathe in the plant herein described will use
logs 9 .feet long, ha.ving a diameter not more than 48 inches.
The larger the diame'cer of the log, the grea.ter will be the
number of square feet of veneer that can be produced per beard
foot of log purchased. They should be a.s large a.s possible,
up to 48 inches in diameter. Logs less than 18 inches in diameter
should not be purohased for this purposeo The reason for setting
this minimum is that it is impracticable to turn ~he smaller logs,
since there is always a core about 6 to 8 inohes in diameter that
can not be made into veneer. The core constitutes only 1/64 of
a 48 inoh log,bu-t it is 1/9 of an 18 inoh log. However, the
oores are not a oomplete loss. They may be sold to make paper
pulp, or they may be used for fuel in the plywood plant, if there
is not enough other waste to supply the fuel requirements.
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To manufaoture 4-foot by 8-fooi; plywood panels, on whioh. this
broohure is based, the logs should be out to 9-f'00t lengths.
This aJ.lowsfor outting off the ends whare end-oheolting ooourSo
It allows also for shrinkage and trimming of the veneer.
If sm&1ler panels are made, the lo€,s should be out to oorres
ponding speoified lengths, acoording to requirements, with due
allowanoe for oheoking, shrinld.n.g and trimming. Ca.re in
dete~ning these lengths will avoid unneoessar,y waste and
insure eoonomy in the purchase of logs.

Sinoe it is assumed that the logs will be purohased for the
plant described in this broel1ure, the process of outting trees
andgotting the logs out of the forest will not be desoribedo
'l'helog handling begins when the logs are delivered a..tthe log
storage yardo There they should be unloaded and piled in orderly,
accessible piles, on sills oomposeJi of long poles about 6 inohes
in d.iameter to keep the logs off the groundll Often the logs aro
stored in a. pend. This isa very desirable a.rrangemento . When

. piled, logs of Bilbile.~ speoies and lengths should be piled
together. 1.ogs are moved in the storage yard. and to the oooking
vat by a orane.

COOKING:

Hardwood logs will require oooking to soften the wood. This
prooess, whioh ie also oalled heating, takes pla.oe in vats of
hot water. The vats may be mMe of plank, but oonorete vats
are recommended. The heating is done by live steam from the
boiler room or by exhaust steam from the engine0 The temperature
ma.i.ntained is just belowthebolling pointo Thetimerequired
for oooking·may vary from .6 hours to 24 hours, depending on the
species of wood, the size of the logs and other factors.

When the oooking process ha.s been compJ.eted, -the logs are
removed from the vECta with the orane or -the chain hoist and mono
rail, as required, and. placed on the floor for peeling, also
oaJ.J.ed barking.

PEELING I

Logs are taken trom the cooking va.ts and placed on thenoor, where
the bark is removed and any limb 8~JJllPS are trimmed down smooth.
'1'he .bark is ~.-oved by hand tools, the rosser or the spudo This
work may be done by a meohanic&1.1y operated rosser, or the ba.rk
may be left temporarily to be removed by the first· few .turns of
the lathe. Hand peeling i8 recommend.afor the operation
described in -thia broch~e.
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'!UmUNG

The log is picked up by a cha.in-fall 0"1 a monorail and placed .in
the lat1:le centerso It is important to have the log ex?~ci:;ly

centered in tIle lethe ~c a.void waste. The lOG is then !.'otate~

as the·b1ife is brought agains-t i~o The fi:':'9t few tu:!':'ns of the
lathe prOdlJCe imperfect sl:ee-ts, calle1. sk:i_!.'tso W!'er tr:e 10';-
l:as "become cylindrice.l ir- sha;pe, the knife cuts ~ continu')us .s~eet

full ri~_tho The log is turned 0_0W"l to a minim't.un core about 6 to
8 inches in diameter.

REFUSE HOGGING

Lee ends, bark and first cuttings from the lathe, Qre transferred.
by conveyor to the hog, wr_ere ths;- are cut to cr,ips and blown to
the fuel storageo Skirts ere held until they ma~~ be tri!'1"Jrtedto
salvage usable veneero Cores ma~r be stored a.nd seld for p'_llp woo1.
"tmless needed. for i't~elo If the~~ a:!':'e needed. for fuel, t~E'Y, like
the ~~ste from a~T other part of the ~rocess, a:':'e t~ans:ferred to
the hogo

~ CLIPPING

As the veneer comes cffthe lathe, it moves by conve~Tor to the
wet clipper, which clips, or shea.rs the veneer sheet into desired.
widths. As the sheets emerge from ~hewet cli~rer, they are
sorted and plaoed on skids o

Skids are used. for the movement of materi9.ls thro'.1[;hol't .f.;he plar.t o
Skitis are rai~ed platforms, which are moved about with hyd.raulic
ha.nd lift truckso The skids may be built at the site of the
plywood facto~ro

\'iET VENEER STORAGE

The capacity of the veneer dryer is only one half of the capacity
of the veneer la.theo Therefore, the veneer 1.::oyer mustbeo!'erated
two 8 hour shifts per day to dry all the veneer produced by the
veneer latheo The excess veneer produced b: r the lathe in one
8-hour shift i~ ste.okfldon skid.s a~'t sto:::-ed fo:::' dr'Ji!1f. during the
second 8 h01J.11 shJ.f't of the dryer.

T'h.e sheets a.replacE'd !'linely on a conveyor, ",hich oarries them
th:rough the dryer. The 1.:ryer reduoes the moisture content of the
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veneer, to not less tha..Yl 6, or more than 8 percent. The speed
of the oonveyor &:1d the temperature are adjusted" aooording to
the thiokness of the veneer and the t~'Pe of wood. Reoording
ob.a.rts on -'j~e outside of the dryer a.re checked frequently to
a.void the ?ro~lction of brittle or warped veneer.

DRY CLIPPL~G&

As: the cU-ied veneer emerges from the dryer, it is staoked on
skids to be moved to the dry olippers, where the sheets a.re
out into sizes tha.t eliminate defects. The sheets a.re then
sorted. into grades, aooording to quality standards and again
plaoed on skids.

EDGING;

All sheets of veneer are passed on to the edging maohine, where
their edges a.re dressed to a smooth straight"surfaoe in prepa.ra
~ion for the splioing operation.

SPLICING;

The na~row pieoes of veneer are passed through the splioerUL~der

heat and pressure, which"glues the edges firmly together. This
operation is ~epeateduntil a sheet of full width is made.
Oocasional open seams a.re olosed with a ha.nd iron. The oompleted
panels a.re placed on skids.

GLUE MIXING:

The glue used most in modern plants is synthetio resin1 one of
whioh is ureaefoxmaJ.1.ehydeo Al though the oost of such glue is
more than that of some others, it is hig~;r water resista.nt
and its use is good practice in a.n.y plywood pla.nt, where a good
bond is requiredo It is considered uneoonomioal to use less
expensive glue, if it is of inferior qualityo This glue is
made by several firms in -the United. S-ta.tes and is shipped. overseas
in -the form of powdero It has a life of a year or more in powder
form.

In order to reduoe the glue oost, this glue may be extended by
add.ing low grade flour or ohalk. lJ'hese additions ha.ve no
appreoia.ble bonding quaJ.ities, but do serve to red.uoe the cost
of glue without adversly effeoting the bond. To th~s is added
oata.l¥st and wa.ter as required, depending .9n a.~9spherio and
other oonditions, such a.s 1ength of time required -to use one
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ba'tch of glue.; The leng'th of 'time per batch of glue may be
inoreased by mixing 'the glue in a wa.'ter jacketed maohine.

It is recommended tha't the glue mixer be located a.t the right
hand side of the glue spreader, about 6 feet up from the plant
floor. In this position, a trough oan be extended from the
glue mixer directly over the glue spreader. This will eliminate
any delay in glue delivery, since the gluingoparator can
release glue onto the rolls a.t any time by pulling a. conveniently
placed lever.

GLUE SPREADING:

The core, or center sheet, 1.~~p~ssed through the glue spreader
and glue is spread evenly on both sides 0

Faoe and baok aheets are placed one on eaoh side of the C9re.
Af'terseverfiJ. panels ha.ve been glued, -the pile is pushed. on a.
gravity conveyor -to the hot press.

PRESSING:

The hot press is a la.rge hydra.ulic press with several. flat hollow
plates, which a.re heated with live steam. The glued plywood
panels a:-:-e inserted into the openings between the pla.tes. After
ea.chopening in the press is loaded, the press is closed and.
left under pressure until the bond is oompleted. Bonding 1/4
inoh, 3.-ply plywood, requires from 3" t04 minutes. For marine
plywood of the same size, about 7 to 10 minutes will be. required.
The press is then opened and the plywood panels a.re rem.ovedand
p1aoed. on ski.ds.

PANEL SIZERs

The panels are ·taken from the skids and out on the sizer saws
to length and width. Both edges and sides are out to be sure
that eaoh edge and side .is smooth and straight and that the
penel is squareo

The panels are moved on skids from the sizing saws "';0 the drum
sander and. are run through this machine, sanding one or twp. sides,
as specified.

7



nISPECTION

Each panel is inSDected as it leaves the drum sander. Panels
with defects are sent to the table sandero Panels that pass
inspection are sent directly to the racke.ging' and shipping
dtlpartment o If'all opera.tions performed prior to drum sanding
have· been done correctly, only a small percentage of .thepa.nels
will require further work at the tabl e sander in o:!:'d.er· to :pass
inspectiono

TABLE Sk'TDER

All panels having defects are. repaired. a.t the table sa.nder.•
The repa.irsmay consist of just sanding a small area that was
missed by the drum sattder, or of repairing a small dent or
hole in the panel. In some ca.ses,a. pa:~ch may be required.
After theiefects a.re reraired, the panels are aga.in inspected
and. upon passing inspection, are sent on s}:j.1s to thepacka.gine
andshippine iepartment.

PACICAGING

The plywood panels are pa.olaged in staoks about one foot higho
The number of panels per paokage depends upon the thiokness of
the panels. Stioks about I inoh thick by 1 1/2 inohes wide are
plaoed lengthways on the paokage. The ends of these stioks are
fastened together with pieo.es of strip steel.

SHIPPIliG

Shipping may be by rail or trucko The drawing of the plant
la.yout ahows a. railroad traok adjaoentto the shipping platform.
A road, not shown on the drawing, should bea.va.ilable at one
side with room for truoks while they &Jee bQing loaded.
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PRODUCTION CAPACITY

The production capacity of the plywood plant descril:~d in this
broohure is 20,000 sQ.~aro fE/et of 1/4 inch, 3-plYT;!YWC'Iod. per da:~,
when the plant, with the exception of the drying operz.tion,is
operated on a single shift of 8 hours, 5 days per 'Neek.. ~il1r this
produotion, the dryer and boiler plant need ~o opBr~te two shifts.
Other conditions required to maintain this rate of production are
that the logs shall be large and the quality shall be up toa
good standard.

The production capacity of the plant depends on the capaoi -ty of
the dryer. By working the dryer three shi£ts instead of two,
the plant capacity can be increased 50 percent. Appropriate
arrangerne~~s wotui have to be made for the operation of the rest
of the equipment. No additional fixed c~pital would have to be
invested.

PL.ANT S.m
To provide for ev~ntual e~ansion, and for ade~ua"te log storage,
about 5 acres of level, well drained land is required. The site
should be as ad.vantageously located as possible with respect .to
transportation faCilities, power, water, sources of labor and
markets. The estimated cost of the necessa.ry lar_d is ••• $2,000.

BUILDING~

The building to house the pl;rwood plant should be U-shaped. In
order to provide for some expansion, the main building should be
300 feet long by 40 feet wide, with a wing at each end forming
a U.

One wing, 100 feet by 40 feat, is intended to house the veneer
lathe and wet clipping operations. The wing, 100 feet by 60 feet,
is iYLtended to h(""l~e the finishing and shipping operations.

Two lean-to buildings are required, Qne at eaoh back corner of the
semi-enclosed area. One lean-to, 20 feet by 40 feet, is required
to house the knife a.nd sa.w grinders and the other, 20 by 40 feet,
is required for the office o Wash-room facilities will be installed
in both of the lean-to buildings.

Another small building, 20 feet by 40 feet,in the semi-enolowre
near the veneer wing, is re~uiredto house the steam boiler. The
total building area woula be 24,450 square feet.

These bUildings are all of simple frame constl"Uotion. TheestimC\ted
cost, including any necessary preparation of the site and roadway
and vats, is 00 ••••••••••• 0 ••• 00 •••••••••••• 0 ••••• 00 •••• 1122,000.
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Nopurohased £Uelis required o The trimmings from the plywood
shou1.d provide all the fuel needed, aooording to the usual
experienoe in plywood pla.nts.in the UnitedS-ta.tes.

TRUCKS

A one-ton,oab, pick-UD·truck will be required for general
utility purposes.. The estimated cost of this truck is 0$2,400.

The cost of fuel and oil, repairs and replacements and other
it~ms of tru.ok expense is estimated a.t • oe 0 0 0 0 GO 0 0 0 eel 0oe $ 5000

POWER

It is assumed that a dep.end.able Sllppl}r of eleotrioity is a.vail
a.ble from previously instal'i-edpower lines. The estimated total
oonneoted load of all motors used is about 200 horsepowero Not
all of these motors a.re operated at the same time, ,nor at full
capaci ty. The peak load will probably not exceed 150 horsepower ..
The estimated annual cost of electricity is uo ... o .. oo.o .. ~B,OOO..

WATER

No grea~ quantity of water is required.. Water for the ~0iler,

where stea.m is generated, and for the vats, where logs are
oooked, and a small amount o£ water £or mixing glue, is the
only prooess water needed. Water will be needed for fire pro
tection, sanitary facilities, and for drinking purposes. It is
estimated that the total waterraquirsd will cost approximate-
ly ••• 0 •••• 0 •• 00 •• 00 •••••••• 000.0.0.0 •••••• 0.00.000.0 ••• 1 5000
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1 Crane (log yard)
1 Chain saw
1 Monorail wi~~ electric hoist
1 La"the - 109 inoh knife
1 Steam engine drive for lathe
1 Infeed table, motorized, 20 feet

lon',. bjr 110 inches wide
1 Wet venee:,:, clipper - 110 inch

knife with 20 foot infeei -+janIe
I Dryer - ! tecks wit~ 14 feet 6

i~ch rolls, recording and controlling
i~strumentso D=ring oapaoity 50,000
square feet of 1/10 inch veneer in
8 hours

2 Sizing clippers - 110 inch, 82,800 ea.ch
1 Traveling head veneer jointer, 106 inch
2 Ver.eer splioers, $5,500 each, with

verser mending equipment
I Glue mixer, 30 gallons, water jacketed
I Glue spreader, 104 inches, with extra

spreading roll
I Hot pTess in 10 opening panels tor 4

feet by 8 feet panels, 200 pounds
pressure per square inch

I Automatic edger and trimmer
1 Endless bed, three drum sander,

drums 55 inches long
1 Hand block tabl e belt sander,

8 foo·t table
100 Skids

7 Hydraulic hand lift trucks
at $600 each

1 Knife grind.er
1 Waste hog and blower
1 Waste conveyor, from lathe to hog
1 Steam boiler complete with fuse box

Steam pipes, valves and wiring
Cost of installation

ESTIMATED TOTAL COST OF
PLA.UT EQUIPMENT
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Estimated
Cost

$ 4,000
1,000
3,000

27,000
9,000

1,800

6,300

58 ,000
5,600
9,000

11,000
700

6,600

25,200
11,500

16,000

1,500
4,000

4,200
5,600
5,000
4,000

10,000
5,000

15.000

I 250,000

Aetual
Cost
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!'l:.0W SHEET

The flow of the material in prooess from the log storage yard to the
shipping dep\rtment is direct, wit~ no back traoking, as shown
below:

1. Log yard to cut off saw 12.
2~ ~At off saw to vats 13.
30 Vats to peeling 14.
40 Peelin€, to lathe 15.
5. Lathe to conveyors 16.
6. Conveyors to wet clippers
7. Clippers to skid storage 17.
80 Skid storage to dryer
90 Dr;rer to skid storage 18 0

100 Skid storage to dry clipper
11. Dry clipper to edging 19.

20 0

Edging to splicing
Splicing to fflue spreader
Glue spreader to hot press
Hot press to panel sizer
Panel sizer to three drum

sand.er
Three drum sander to in

speotion
Inspection to packing, or

tablp. sander
Table sander to packing
Packing.to shipping

FIXED A~SETS-
Estimated

Cost
Actual

Cost

Site
Building
Plant Equipment
Office E~uipment

Truck

TOTAL FIXED ASSETS

S 2,000
122,000
250,000

1,600
2,40Q

S 378,000

s _

s _

DEPRECIAr:'ION

Estimated Life
Cost ~r.:!

Annual
Depreci~

Buii ing
Plant Equipment
O££ioeEquipmeni
Truck

8 122,000
250,000

1,600
2,400

20
15
10

4

$ 6,100
16,667

160
600

TOTAL ESTIMATED ANNUAL DEPRECIATION

27

S 23,527



DIRECT MA~RIALS

Logs oonstitute the prinoipal direot material used
in making plywood. The estimatedoost of logs to
produoe 20,000 square feet of hardwood plywood per
day, or 5,000,000 square feet per ye' r, is 0 eo 0 0 0.00 ..... 0 1150 ,000

Glue and glue additives oonstitute the only other
direotmateria.lentering into the produotion of
plywood. The estimated oost of glue and glue
additives is •.••••••• 0 ••• 0 •• 0 •••••• 0 •• 000 •••••••• 0. eo. o. •• S 40; 000

TOTAL ESTIMATED ANNUAL COST OF DIRECT MATERIALS IS•••• co •• 11.90,000

SUPPLIES

Lathe knives, saws and other cutting
tools

Sa.nd paper
Grinding wheels
Hand tools
Lubrioants, pa.okeging meterials,

ot£'ioe supplies and other
Maohine and equipment parts

TOTAL ESTIV.&.!TED ANNUAL COST OF SUPPLIES

mJRECT LAEOR

1 Manager
1 Stenographer
1 Bookkeeper
1 Cl~rk

1 Night.-wa.toh and boiler man
1 Maintena.noe man
1 Truok driver

TOTAL ESTIMATEDANNTJAL INDIRECT LABOR

28

Estimated
Cost

2,500
1,000

500
600

2,500
900

8,000

Estima.ted
Cost

$ 10,000
4,000
6,000
4,000
3,000
4,000
3,000

S 34,000

Actual
Cost

s~__

Aotual
Cost

t _



illRECT LABOl!

Hourly
Rate

Estimated
Co.s,t

1 Superintendent
1 Yard man
1 Automotive hoist operator
2 Boiler operators (one on seoond shift)
1 Knife gorinder
1 Chain-Hoist operato!'
1 Peeler
1 Latheoperatcr
2 l~the off-bearers
1 Vlet.-clipper
2 Wet-clipper helpers
4 Dryer feeders (2 on second sh~£t)

4 Dryer off-bearers (2 on second shift)
2 Sizing clippers
2 Sizing clipper belpers
1 Veneer joi~ter

1 Veneer jointer h~lper

2 Veneer splicers
2 Veneer splicer helpers
3 Glue spreaders
2 Glue-press operators
2 Sawyers
2 Drum-sander operators
1 Inspector
1 Table-belt sa.nder
~Storage a.nd shipping room

1.50
2.00
1.50
2.,,00
1.50
1.50
2 0 50
la50
2 0 00
1950
1 0 50
1.50
2 ..00
1.50
2.00
1.50
2.00
1.50
1.50
1.50
1.50
1.50
2.00
1050
1050

8,000
3,000
4,000
6,000
4,000
3,000
3,000
5,000
9,000
4J OOO
6,000

12,0,00
12,000
8,oqo
6,000
4,000
3,000
8,000
6,000
9,000
6,000
6,000
6,000
4,000
3,000
6,000

45 TOTALESTIMATEDAlr1~AL

DIRECT LABOR

KEY MEN

8 151,000

The key men in this plant inolude:

Superintendent
Lathe operator
Wet clipper
Sizing clippers
Veneer join'ters

These men should all be experienced in the production of plywood and.
be willing and a.ble to help teach the other employees. If' experieneed
men ca.nnot be secured locally, they should, be secured wherever possible
and retained until all the employees are fully tra.ined.
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SA~

There is ~8ngerof injuries from scalding in this plant
unless special precautions are taken. Steam is used in
the log-cooking p=ooess and special oare should be
exercised where the logs are lifted into, or OU't of, the
vats,

If the log comes loose from the tong-s,or if it is dropped.
too rapidly into the vat, thg resulting splash of hot
water may drench and severely bu~ any workmen sta.nding
near by, Heat iea190 used in the dryer and in the presso

Saw and knife cuts also may occur. Careless handling of
logs, heaV"J plywood bales a.nd mechanics.:'.. eqUipment cou.ld
cause accidentso In addition to constant watchfulness to
make sure all praoticable safety preoa.utions are taken,
first aid supplies should be readily available. One
cOJ:JlPlete first aid kit should.. be maintained near the
managere-s officell Thus the manager can take immedia.te
aotion in oas~ of accident. Several other kits should
be well placed. in the plant, The manager and one or
more of the other personnel should be fa.miliar with fil~st

aid aotion.

The manager should take some specifio action at least
once eaoh month to bring to the attention of each employee
the importanoe of safety precautions and intelligent first
aid. Some maohines have safety appliances and the man~ger

should see that these are in eood operating conditicn ~nd

that the operator is using them.

Tile glue spreader should always be opened wide for olean
ing to avoid aooidents. A brush should be used, sinoe a
cloth could pull a person into the ma.chine. The spreader
should be oleaned immediately after it is used. Ther.3 are
safetyattaohments on the glue spreader.
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ANNUAL DIRECT OPERA'l'ING COST

Estimated
Cost

Aotual
Cost

Logs
Glue
Power
Wa·~er

Direot Labor

TOTAl, AlTNUAL DIRECT OPERATING COST

t 150,000
40,000
3,000

500
151,000

S 344,500

$;,.-...--

S. _

ANNUAL IN~IRECT OPERATING COST

Supplies
Truck Expense
Indirect Labor

TOTAL ESTIMATED A1rrrrTAL INDIRECT
OPERATING COST

Estimated Actual
Cos.1...__ Cost--

$ 8,000 S
500

34,000

$ 42,500 S

WORKING CAPITAL RSQUIREMENTS

It is assumed that the logs used in this plant will be procu~ed

locallyo The glue and part of the glue additives may have to be
irr.ported, as well as so:ne of the su:?plies. .Allowing 30 days for
sales collection t it i~ estimated that 3 months werking capital.
wil.l. be sv.£ficient. Three nonths working capita.l will amount
to app-ccxima.tel:.r

" •••••• " ••• ""." •• ""." •••• " 0 •••••• ,••• " .. " ~92, 000

TOTAL CAPITAL REQUIRfl.mNT.S

FIXEr ASSETS
wo~:nm CAPIT.\J.J

31
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gAlES

SALES :METHODS

In. most plywood manufaoturing plants, sales may change in character
as the volume ofmanufactu-redproducts incre3.s'E)s, and varicusnew
types of products are requested. by customers 0. For this reason, it
will, be desirable to hA.ve a sa.les arra.ngement and a sales organiz
ationwhich can be readily adapted to the sales requirements as
they a.rise.

OUTLETS

Retail lumberyards, building oor..tractors,and department stores
should be the initial outlets. Special outlets should be developed.
Furniture manufacturers constitute a very important'!1'oup of
eustooers for the plywood producer.

VENEER USES

Plywood has many uses. It is used extensh"ely in the manufacture
of furniture. ReIa tively thin plywood can be used for the· un
exposed parts of furniture, thus greatly r9ducing the weight and
cost. Exposed parts of the furniture' are often made up of plywood
with bea.uti:t\tl and expensive wood' JeQ for the veneered places
that are exposed. Such plywood is made with less expensive core
and baok. Table tops and desk tops are made by veneering the
exposed side only of a wood core. Flush plywood doors' have become
muoh more popular than panel doors in house construction. The
obvious advantages of no shrinking, cra.cking nor warping are
rapidly gaining world wide aoceptance of plywood. In many places
substanti,.al premiums a.re being paid for veneered plywood•.

Plywood ~s also being used in other ways in house construction,
not only for interforwork,but for areas exposed to the weather.
Struotural members of buildings have been built of plywood, thus
suooessfUlly supplanting the more expensive steel oonstruotion.
M$rineplywood has been found quite satisfaotory for the construotion
of the hulls of small boats.

Plywood and veneer have both been used eXclusively in container
construction for freight shipments. All of these uses combined
have a veznJoonsiderable effect in conserving the forestproduots
by making use of much lumber that would otherwise be waste. At
the same time, it brings the most beautiful and expensive woods
within practical oost limits.
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There is ~lso a. wide ma.rket for veneer that nasnot be~m made up
into pl:ywood. Such veneer ma.y be used. f'or makingoran.ge orates,
ber:!"j1' boxes, ha..-npers and baskets. The selection andpaokaging
of such veneer will depend on the partioular end use o

In some oases, this type of further manufaoture maybe carried on
adjaoent to the plywood plant. Veneer sales would be profita.ble"
but are not included as part of the sa,le$ of the plywood plant
described in ~his brochure.

COSTS M~'1)PRIOES

Many years of experienoe in the operation ot'asmall plywood.rnill
in the United States provicle the manacer of a new plant with a
~ast amount of valuable data on which to base his estimates of"
cost of" operation and the prioes he should charge in order to
make a fair profit when his plant tEl in full operation.

For a small plywood plant in a foreign count~·, the United States
experienoe is not quite. so applicableo The aotual costs incurred
and 'the scale of prices that can be charged .for veneer and plywoOd
will not differ to the same extent in all places from oorresponding
costs and prices in the United States.

It will be necessary for a plywood plant in a new location to have
asche1"11e of prices. Such a. schedule will show the va.ria.tions
:for correspondine y'ariette3 of t':le size and ttickness of pl;ywood
panels made, the speeip.s and grades of' weod and other faotors.
For the pur:;:oses of -f;his broo~ure, however, a single prioe has
been used '.:l..~ thou3'I: it would be app1ioa.ble ~o the total. output Q£
the plant.. A detailed price sheet wO'U.ld not be partieularlyusef"u.1
and mi,~ht be misleading..

TOTAL SALES

The estimated a.nnual production of the plant described in this
brochure is 5,0001000 square feet of .;.H;rwo~c.•

It is assumed. that, ba.sed on the Y8.rious. q11alities a.nd thicknesses
of plywood likely to ·be ordered and prod1lced, the selling price
will average about $120 per 1,000 sr::le.re feet. At this !>rice, the
a.n."lual sa.l es will amount to ~t)I')O,000 ..
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BECAPlTULATION OF COSTS, SALES AND PllOFITS

Estimated.
Costs

Actual
Costs

Annual direct operating cost
Annual indirect o~erating cost

TOTAL ANlTUAL OPERATING COST

Annual depreciation
Int9rest on loans
Insurance
Lega.l and auditing
Unforsee~ expense

A.1iilIDAL BURDEN COST

SALES COST, INCLUDING FREIGHT

PROFIT BEIDFE TAX

ANNUl~ SALES

S 344,500
42,500

23,527
6,000
3,000
5,000

25,41J

S 387,000

63,000

50,00(;\

100,000

$ 600,000

BUTIGET CONTROL

A requisi ti.on form follows, whicb is designed tc provide acou.rate
records and oontrol of costs, both direct and indirect, with the
least amount of time and ef£ort.

This form has an account number for each type of the various ex
penditures whioh the manager will review in detail,~onthlyor
oftene:r', in order to oontrol his expenseso Some. items, such as
power, water, etc. are usually under contract and are easily checked
by referenoe to monthly bills. For simplifica-tion, such i terns
(marked with an asterisk on the attached. list) are .omitted. from the
purchase requisition. Variations in the labor costs are easily
reviewed by examination of the payroll. The simplified. type of
oontrol thus proVided mades certa:5.nthat the managercanoontrol
expenditures promptly,



It is essential to maintain accurate control of. costs with as <lit1ile
clerical work as. possible o On the voh::.me o£ business as I.QW aswo'u.ld.
be considered for a emaIl plywood plant, everl .."......V.L

out a. large proportion of t'!1e estimated p:!:.'Ofi t.
a.nd expensive method of accounting would redu.ce nr'ot"J.
this rea.son, a purchase requisi ti.onhas been designed,
Pags 36. This will provide a simple method of checking
The budget method sllggested is ba.sed on an annual sales ._~~ .._~
If business should fall below that level, or increa.se
should be lowered. or raised to conforIno

BUDGET CONTaOL ACCOUNTS

10
20
30

* 31

* 32
33
34
35
36
37
38

40
41
50

* 60

'* 61
70

Monthly
E;x:penditure.s

Administrative
Sales, inclucH.nc frieght;
GenerE'.l pla.nt, ma.ehine

and equipment pa.'t"ts
Power
Water
Truck
Cutting tools
Sand paper
Grinding Wheels
ITand tools
LUbricants, packaoing

materials, office
9".1.1'1'lies, other

Logs
Glue
Unforseen expense
Indireot payroll
DireotpaYI"oll
Special Projects

Monthly
Budget

$ 1,166
4,166

75
250

41
41

208
83
41
50

208
12,1)00
3~333
2,122
2,833

12,583

S 14,000
5C,OOO

900
3,000

500
500

2,500
1,000

500
600

2,500
150,000

40,000
25,413
34,000

151,000

Note: Number 10 inoludes interest on loans, insurance, 1ega.i and
a.uditin:;o
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A sr£lal! pl~"W(}od. pla.nt built a.nd opera.ted to make plywood panels.
aggregating an annual sale~ voluMe of $600,000, 'acoordi~eto the
assu!llptiorls made in this brochure, would be a profitable under
... k'"a lnz.
There are sone determinations, however, that s'ho111d. be made "before
a. decisionj.fJ reaohed to OOi11 and ope!'~te such a. :pl~rwood plant.
Amone the necessary determinations to be made are those 'Kith
res1~"'jc-t to the following items:

SAl,ES

Will the potential annnal sales of the kind.s of pl:rwood produced
by the plant amount to at least $600,0001

COSTS

After revisine the estimates of cos~s ~nd ea~ir-0s shown in the
brochure so they conform to actual local costs, where it is
proposed to build the plant, will a profitable operation be
indicated?

COMPETITION

Is there potential conpetition which wi.11 reduce the revenues below
a profitable level, either by lowering the prices 1 or by rewloing
the volume of sales?

ORGJJ.4IZATION

Is there reasonable assurance that experienced men will be ~."!ail

able for manage-nent, and for other key posts, te :''1itiate
operations?

Will sUita.ble trainees be available for the permanent organization?

The men in the key posts s~ould be trained in advance of the
initial operations of the plant.

A small plywood plant, ,uoh as described in this brochure, when
installed a.nd operatin~, will serTe a.s a. good nuoleus :fo.ra. much
larger industry wh~:m a la.rger ple.nt is justified. The transition
can be made by era-d.ual growth.
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ENGIN~S

The services of professional engineers are desirable in
the design of a plywood plant, ev~n though the proposed
plant is small. A correcG design is one whioh provides
the greatest eoonomy in the investment of funds and
establishas the basis of operation that will be most
profita.ble in the beginning and will also be oapa.ble of
expa.nsion without expensive altera.tion.

The add.resses of professional engineers who specialize :1.n
industrial design, some of whom m9.Y be willing to undei
ta.ke such work on low cost projects overseas, can be seoured
by reference to the published oards in various engineering
magazines 0 They may also be reaohed through their national
organizations, one of which is the

National Sooiety ,of Professional Engineers,
2929 X Street, Northwest,
Washington D. C.

Manufaoturers of industrial equipment employ engineers
familiar with the design a.nd installation of their speoial
ized products. These manufacturers are usually willing to
give prospeotive customers the benefit of teohnical advice
by. those engineers in determining the suitability of their
equipment in~any proposed industrial project.

The equipment manufaoturers also know, and oan reoommend,
professional engineers in private praotioe, who are willing
and able to provide appropria.te consulting servioes.




