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The folloxing are the principal species of 1 rees used in the mnnufacture of p ly~vod:  
Among Ihc soft~~voods-Doogl;ls fir, southern pine, Ilemlock, xestern red cedar, 

Soble fir, lvhitc fir, rcthvood, spruce. 
.4mong t lie Ii:rrd\voods-birch, maple, cherry, walnut., oak, pophr, gum, l x > s W d +  

mahognny, hnan (a I’hilippine tree), beech, :L+, hickory, elm, and :I varie1,y of forcijill z 
2 

h f o r n ~ . ,  Xntl. Bur. Std., U.S. I>ept. Cornmweo, Springfield, VR., 1964. 
:i. E. L. Sto~il. in E. Grisuu. \V. B. H, Lord, a i d  l<..ll. Fowler, eds., Pluloniam 1860, Clemer 

Hume Prms Isd., Loitdoti, N G l ,  pi’. 245-25G: 
48. F. H.  Ellin~~cer. C. C. Lord. niid IC. A. Gxhneider, Jr., i n 0 .  J. \Tick, ed., Plulonitctn Handbook, 
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Both softvood :ind Ii:mlwood plywood may be h:td in an exterior grade and an 

There arc :iIso specid types snch :IS counter front in which the g u i n  of t,he face 
ply runs parallel to  the short dimension, moldedplywood, two-ply sl.ructural plywood, 
and two-ply decor:rt ive plytvootl. Two-ply, being an unbalanced conatructibn, warps 
or curls badly :IIIII c:limot. he used for R:rL work. (An exception is ii two-ply construc- 
tion of a vnlunblc, (lccor;it.ivc wood and some soft hardwood such as basswood, the 
grains being p:trdlcl or nenrly so.) However, two-ply is one of t.he best forms for 
building tnbnlar slrnctures since it. starts to conform to a tube as so011 as it is made. 

A plywood p:uicl c:in :ict as a structural sandwich (akhough not necessarily 
follo\ving strictly the definition that a sandwich has rel;it,ively t.liin, dense, high-strengt 11 
faces on a rel+tively thick, \yeah-, low-density core). So-called lumber-cored plywood 
comes closest to being a structural sandwich. 

,\ -\ 
_I.  . . 

.. inlel.ior grade. 

._ 

, 

Properties 

The principal mechanical properties of two t,hrec-ply plywoods arc given in T;tble 
1. It will be seen that plywood is anisotropic, but it is much less so t h i n  wood, which 
has very different properties with t.he grain, and across it. The number of plies has 
less effect than ply thickness irnd ply-thickness distribution. This complex variable is 
not subject to simple delinc:itioii (3). 

Table 1. .\lechanienl Properties of Two Three-PI? Plywoods, Eqoal-Ply Cwstnlet iw ( I , ? )  . .D 0 1 . .  . .. 
".-"--.L _.._..~~.., 

::.-r =., "... ..:L **.."..* . r . . I . . I . _ .  .I ..*"Y<I.I.~ ". 
",-"-".L -I"".:":. ..,) .. c?::n;!h, " .._.. ~ ..., 

Plywood psi X 108 psi psi psi 

three-ply birch, 
along grain 2,260 13,210 1,840 3,425 ' 

aero.% grain 197 7,700 

along grain 1,530 6,180 1,150 3,160 
across grain 126 3,910 

three-ply Douglas fir, 

It must always be remembered t.hat t.he properties of all ply~vnod are dependent 
on the species of wood used. T;ibk 1 refcrs to birch i ind to Dougl:is fir; for other 

Warp. Workers in xood neccpt warp :IS it fact of life, apt  to Iiappeti a t  :my time. 
All lumber is capnblc uf wnrpiiig since there is no such t,liiiig':is ir;ot.rupic \\-ood. H w v -  
ever, well-nude ply\vood vill not. warp. l'lyivood can be :i balnnccd construetioil and, 
if nltertiatepliesli:rve grain directions at  90" to each other mid the spccies and thickncss 
are symmetrical with respect to the center of t.he panel, the panel must beinherently 
flat in the resting condition. This is not true of lumber. 

The warp or abscnce of it which we are discussing here may be said to be the 
normal configur:ition of t,he pnnel or pliink. There is :inother k i d  of \v:up which is i i  

temporary distortion due to uiicquil nioist.ure contents of opposite f:ices, or f:ice :uid 
hack. This warp persists only so long as there is a disturb:uice of the equilibrium and 
m~loin:it.ie:illy corrects itself wlien equililirinrn is re-esl:ildished. This is not a true 
\~ir11. A teal of (he prcsciicc: or  :~bsetiac of t,rnc \v:irp is :diicvcd I)y rcvcrsiiig t,lic 
tlistiirl iiig coiidil,ious. 1\11 i i i ~ ~ c r c i i ~ ~ y  fht,  p:ineI xvi11 dislorl synmic~ric:i~~y. 111 otiicr 

species of umod, use eiin be miidc of the d a h  i n  reference -1. . *  
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words, i f  tlic diflcrcncc i n  moisture content. bctivccn tlic f x c  A nud f:rcc I3 is sw11 :is to 
ni:ikc f:ice :\ cup iii. i i i  S f t  : i d  the cnnditio~rs arc tlicii rcvcrxd, face I3 will clip !.6 
in.  i n  S f t .  I,iniiher wili :iIsir cspcriciicc tliis type of distortion or \v:irp if one side is 
ni:idc wcttcr 1,hiin t,hc otlicr lint. it geiicr:illy wit1 (lot (lidor1 sy3.'nniclric:illy. 

I3ec:iuse hinilrcr ix :iiiisotrtqic, it is ninch \vc:lkcr :icroxs 
tlic grxin tli i in ivit l i  the grain a i d  it cxp:~nds : i i d  contr:icts ill this dircctiw with 
cli:iiigcs i r i  nioisfiirc content mricli more t l i m  it docs :dong the grxin. Since plyirood 
is cross-li:indctl, tlic strcngtli across t h c  gl.iiin of one ply rcstr:iiiis thc nnc :iliove :~nd 
bclo\v it wi th  t Ifc result, t1i;it plyivood is niucti  niorc nc:irly dimcnsioiially st:iblc than 
lumber. About. 7.50/, of tlic dimcurion:iI inst:ibility of lumber acro;s the grain resulting 
from ch:ingcs ill  moisture coiitcnt~ is e1imin:itcd. 

The splif resis/nnce of plyivood, \\diich is f i r  Iiiglrer tlini! t11:it: of lumbcr with grain, 
stcms from this siinic crwsgr:ii;i construction. 

Tlic ,strcngth-\veight ratio of ivootl is extremely high, and th:it, of 'plywood still 
substantial (see T:iblc 2). The loss in this factor is the pricc \vc p:iy for gains in is+ 
tropism. 

Dimensional Stability. 

It cnii bc cnsily tcsfcili\it h ii hntchet. 

Tsble 2. Cmnp:iiison d Rlceitgth-\Veight Rnliw ul  P l y w i d  nnd Xetnl 

Tensile Specific 
St rength-wciglit ratio 

Jlnterial l'licr at iength, psi gr:wit.y gsi/(g/rnl) relntive 

Doiiglas fir plywood 3 G,ISO 0.4s 12,600 0.63 

Beseiner steel 60,000 i . i 9  i , i 3 0  0.39 
0.73 - *,- -, (11111 . -. . lh . nlllmi,llm 40,500 2 .S l  14,400 

birch plywood 3 13,210 I l . G i  19.600 1.00 

- -. . 

The stiflness of plywood is high and it is guined without. an excessive weight 
penalty. Remembering that s1,iffness varies as the cube of the thickness, the way t.o 
increased stiffness in any material is to increase thickness. Often, as in steel and even 
in nluniinum, t,hc thick sections necessary for high stiffness w i g h  so much as to be 
inipract.ic:il. Table 3 sho\rs thnt Douglns fir is S270 ns stiR as :iluminum on u'comp:i- 
rnblc \wight, b:isis for $4 in.-thick p:inels :ind iti% :is sriN :is steel. \\'lint. is more 
iniporh:iiit from :I pr:ictical titiiiidpoint. is simply thc wigli t  of :I p:incI. Tlircc-qu:irter- 
inch ply\vood is i i  coninion coninrodity but onc c u i  visualize tlic unni;tn:igc:tblc \vcigliL 
of ii :i in-thick pincl of stcel of :u:y size. 

Adviintngc is 1:iken of tlris pliciionicnon by cl:idding ply\vood iv i t l i  nictal. Tlic 
high tcnsilc strciigtli of nict:il is thus utilizcd witbou!. \rcighh pcn:ilty by giiiiiiiig thick- 
1 ~ 5 s  with liglit,wciglit ply\rood uscd :is :L core. 

Tests to d:itc indicutc tlut \ w ~ d ,  it fibrous Fatigue and Impact Resistance. 

Table 3. Comparison of StiRness-\Veight Rntios of Plywood and Metal 

StiBness-weight ratio 

Xnterial thick, psi X 10' grnviiy nbsnliite relative 
StiRnes, 36 in. Specific 

Dotiglnr-fir plywood i . 3 6  . 0.46 1.5.4 0 . i 6  
birch plgwwd 10.42 0.Gi 15.6 0 . i 7  
steel 1.5s. 1 i . i 9  20.3 1.00 
alwninum 32.0 2.81 1S.8 0 . a  
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material, is less sensitive to repeated loads than are more crptalline structural ma- 
terials such :is metals. Endur:mc linaits.are likely to be higher in propurt,iuii to the 
ultimate st,rciigtli V I ~ I I I C S  for \vo~~d t,liaii for some of t,lic mctals. 

Tests in fxtipuc :ind tcnsiou parallel to the grain iiidic;rtc for plywood ail ciitluru~icc 
lo:id, for 30 inillioii cycles of s h s s ,  of about 40% of l,Iic st,rength of nir-dry vood. 

Tests of smnll culltilever bcndirlg spceinic~~s of air-dricd solid wood :rud ply~vood 
suhjccted to fully rcvcrsed beiidiilg strcsses indic:atc :rn eiidurmcc liiiiit, for 30 million 
cycles of stress, of about 30% of the modulus of rupture of the specimcus. Thus, tho 
behavior of plywood is tlic cquivnlcnt of tlic hclravior of the species of n.llicli it is made, 
since thc pciformallcc of the glued specimen is ut least equal to the peifonn:rncc of the 
wood itself (4). 

Impact resistance as measured in height of fall of n 50-lb hanimcr required to 
induce complete failure for yellow birch is 55 in. For Douglas fir, i t  is 31 iti. (4). 
Comparable data on other mnterials of coiistructioii have not been run but it cau be 
Seen that these figures are high. 

A significant property of wood is its loughtess :ind while t.here is 110 g c ~ ~ e r d  ngree- 
niciit as to the es:ict iiature, of toughiicss, rcfcrciicc 4 gives sonic intcrcsting v;~lues. 
Toiiglriicss for yellow birch, t:ulgentinlly, is 330 h - l h ;  for Doiiglas fir i t  is 'M) in.-lh. 

There is some ploslicilg i l l  wood niid because of plywood's split rcsist:mx, bent 
structures call be made either by molding or gluing to contour, by heat beiidiilg, or by 
iii:i!;ing spczial cc:istruz:.inns.. 

tliclcss have some properties that arc fnvoriible in case of a fire. Though wood is 
slightly plnstic, i t  is not tliernioplastic in tlic sciisc that  i t  softens very much under 
heat, so that i t  maintains its rigidky at high temperatures such as occur ill a fire.' It 
tends to char and the char slows d o n  the rate of destruction. Thus, plywood, if made 
with an ndhesive not easily dnmaged by fire, will be consumed very slo~vly and will 
not yield nod collapse until almost burnt through. 

Action at Very Low Temperatures. This is somewhat unusual in that ply\vood 
docs not. delaminate but becomes st.iiTcr as the tcniperature drops wit,lioot becuniing 
:ipprcciably niore brittle. I 

Weathering. Tlic \vc:ithcring of u plya.uod dcpciids greatly upuii species. Tlrcrc 
:ire woods not at all t1ur;~blc uutduurs :ind p l p o o d  I I ~ C  Iron1 ~ I I C I I I  WUU~,I  bc I IU 

Iict.tcr. 'I'licrc :ire utlicr ~ v u u d s  nhich \ve:itliur w r y  slu\vL~(  even \vitliuw. iiliisl1, su t1lut 
tlic ilcrigiicr Iiiis suiiic coiitrul u w r  rc&:iy:c t o  a.c:it,licri~ig. 

Uiological Ueterioration. 1)ctcrior:atim oftcit is rcl:rt.ctl 1 1 1  ivc:tt,lieriiig but (IC- 
1wior:itioii m;iy :lis0 bc (Iuc t < ~  I~i~~logicill influcliccs, a i d  1.11~ siisacptihilil,y of p l j \ v u ~ d  is 
1,Iic siisccptibility of t . 1 1 ~  spccics uf [,lie plies from \vllicli it is m:idc, :issuiiiiilg t i ic ;~di~e-- 
sive ilself is resistant. For severe uscs, regardless of the exposure, exterior grades 

Chemical Properties. The most iriterestiilg cliemic;ll property of xood which 
nflcch the iise uf the ndlimice, its choice, :id its durubilit I& th.it uood w an Inherent 

opliniuni m c l ,  io this ruige, it slio\vs lit,tle dcteriorat ion xvith age. The acid resistance 
of wiud (1'11 hcI i i \v  .I) is subst:izlti:illy less tliim t . 11~  :illaili rdsistallcc. ~evc r t i i u~css ,  it is 
high enough for tlie lids for t m k s  to hc nxide of ply\vodd :ind for fume ducts to be 
o f h i  liricd \\-illi  ply\vood, since it does not rust or currodcl Thcsc nrc best e~rgiilccred 
:is ~cpl:iccmcnt iii:itwi:iIs r:lthcr tli:tii on ~ l i c  basis t l d  t,hyy sliould lash for t i ~ c  lift of 

i .  

I ! 

! . ,  

I 

Action in a Fire. .\ I!.hm!z!: yc-.' :::.' p !  , d G U U L ~ ~ ,  burn, bile). never- 

L 

n 

I should nlxvays be chosen. 

buffer. It h:is the  cap:ibility of ni:ii1it:iining p1.I bet\vcc~i I . ' . . .  4.5 : u~d  S, ' \vhicll ' is t.he 



, 
t.he equipment. The cost, when conipnrcd to that of other structural materids of ad- 
equate resistance, is low enougp to pcrinit, periodic replacement. 

Under alkaline exposure wood is much bcl.t,cr, and whilc strong alkalies will soften 
and slowly det,criorate the wood, especially at elevated tcinpcrntures, the periodic 
replacement will be at much icatcr i n t ends .  One p:rrticul:ir advantage of the in- 
herent buffer :iction is that wood esyoscd cibhcr to :reid or alk:ili which is relatively 
dilute will give extremely long kcrvice provided the wood is never :dlo!vcd to dry out so 
that the acid or alkali can coi{ccnt,rate. It. is often the alterntrte \vetting and drying 
lhpt causes the princip:il dcstruct.ion. 

Exterior-grade plywood, being 
bonded with an alkali-entalyz&d plieiiol-forn~~ldeh).dc resin, is not att.acked :rt all by 
most inorganic salts or by salt.,\vater. Conrentrated salts tcnd to stiffen the \vood by 
extracting moisture but,  except^ for the oxidizing or cstrenicly acid salts, do not harm 
the plywood. This lack of corrosion or rusting is a valuable property. 

4 .  

The Salt resistance of plywood is remarkable. 

I .  . 

,Manufacturing Process 
/------ 

The process of making ply%ood varies to some extent, depending on the types and 
size of logs available and the type of product manufactured. The largest difference 
exists betxwen the operations in the Pacific Korthwest (Washington, Oregon, and 
Xorthern California) as compared to those of t,he rest of the conntry. This is partly, 
but ilot entirely, a difference between softwood and hardwood opeiat,ions.. The Pacific 
Coast mills peel logs that are up to  and somewhat over six fcct. in diameter but those 
six feet and over require special equipment. Nost  of the rest of the count.ry, including 
the newer Sozibhern Pine mills. uses loes eorisidernbl,~ sm:iller in dhrneter. Large- 
<ii-~:!er h::.lt.-ec.l h r ~  n no Innyr  osist, i o  nnv  _ .  n v n n h i l  rlegrcc. Hardwood and soft- 
wood operations differ in degree rather t.han in kind. 

The logs are first sawed to the required lengt,h. In thc Pacific Xorthwest, the 
l o g s % e a l l y  cut toproduccpai ie lse~ht  or te i i fz t  in lcngt,h. To  a limited extent, 
cut.tings for hardwood are the same except that ten-foot lengths of decorat.ive grades 
are sufficient.ly scarce to command a suhstanbial premium. Lengths as short as three 
feet are cut for cross-bands. 

The methods vary from hand debarking 
crs. l'lic logs m:iv or n i s~  not. be stcamed, - 

dcpcndiug on species. 
Cutting. The cutting operatioils depciid oil thc type uf vcnccr to be produced. 

111 t,hc production of dccorntivc venccr, almost esclusivcly from hnrd\wods,=g 
pcelin is t.hc most common. A knife, equal in lcngt,l~ to  the widt.h of t.he veneer, 
pro 4 uces a morc or less cont.inuous sheet of veneer of uniform thickness in a manner 
similar to  the unwinding of a roll of paper. The knife is psrnllel to the axis of the log, 
and a peculiar, \\.;ivy g r i n  p:it,tcrn is produccd. I~ieone~.?lui_ng the knife is a t  an 
angle, so that the opeistion resembles the slinrpenitig of a pencil. A beautiful grain 
design is produced, but the veneer is brittle and'short fibered, making it difficult to  
handle, so that t,he met.hod is not ofteu used. 

In  hardwood-plywood cutting for decorative grades, except for those that  are 
n i ep roduced ,  mct.hods :ire uscd to acccntuatc gr:iiii design and enhance thc beauty 
of t.lic uiiusud p:~t.~criis i t i  kiiok, Iinrls, :ind crulehcs, I)u( Ilierc is :I IiniiL bcc:inse of Ilie 
dilIicult,y of pruduciiig plyirood from tlic spcei:il cub, and production is thcwfore 

---A 



ir.. 

i 

\ - -. ' V d .  15 ri.nvoon 901 
\ 

)ligI~ly customized. Just about all softwood spccies are rotary peeled,2dtl~o~~gl~ so- 
culled vertical grain fir and spruce, xh1Eh :ire quite attract,ive, can occasionully he 
purcltased on order. 

I n  rotary peeling t,he thickness of the sheet usually is in t,hc runge of 9i.i in. to 
in. in t.hickncss ure occnsiondly s:t\vn hut production 

%minor. Specialty veneers, $65 in. thick, are mounted on fxbric :md hung like 
\,.allpaper rather than made into plywood. Thickness vuriutions are, of coursc: con- 
trolled by t.he setting of the lathe. Speed of rotation dcperids upon species. 

The nonuniform clrarncter of wood docs not permit the production of uniform 
vcnccr by any met.hod of cut.ting. The lnrgc defects and unnsiihlc scctions i rc  clippcd 
out. 1,engt.h is determined by thc length of thc bolt cut from llic log and not b -  clip- 
pilip. Genernlly, face and centers :ire cut on one lat.he and cross-bands 011 , .I nol.hcr. 
Sonie very tine decorative veiieer8 are often hook-mat,ched in making n pnncl, ivhich 
"leiins every other piece is turned ovcr, and, for some of the best custom work, scquence 
matching in which all of t,he veneer on one log, knoivn as a flitch, is utilized i n  m.iking ~ 

p:incls which are t,hen installed in sequence just as they came from t,hc log. Such 
veneer, of course, must he sliced rather t.hun rotary peeled, athenvise the effcct. is lost. 
Such a procedure as t.liis is, done n.ith a few softwood veneers, notably sliced pine. 

The veneer of hardwood species is generally sorted to separate lieart and sapvood. 
Tliis is also true of Douglas-fir product,ion. Hardwood snp\vootl does not llnve the 
normnl color expected of the spccies. Therefore, sapivood in :I pnncl must have sepn- 
Kite staining treatment to  make the appcnrmcc uniform. Better gr.idcs :ire t.lius 

st.aining on me p r e ~ i i u w ~ ~ ~ g  M L C ~  I D  lLc~rDaunJ . 
Drying. The type of veneer frcquent,ly determines the method of drying and the 

e q n ~ . s e d .  Thus, highly figured decorative vencerj may h c w f b  
dried in heated rooms, later to  -be plate-drie? -~ .~ in_ spec$ .quick+ing - hot prcsscs -. . to 
remove &-dry cockles (defects). T l m c o m m o n  method for henvler veneers igta 
dry in specially designed veneer dryers. These are long (35 to 300 ft) tunnel-type 
~ ~ i ~ ~ - o f t e i ~ ~ ~ ~ i ~ l f i ~ l ~ i e r s ; ( u p  to six or eigm,.- The venecr is moved continu- 
'ously on rolls or belts dong each tier. The drying timc is conbrolled by thc s p e e d 3  
tlic bclts. The biggroblem is moisture equnlizst,ion. aud substant.ial amounts of 
vcnccr a r ~ i f t e n p ~ ~ d r i e ~  ill order to make sur:~~!+ tke!vett$r poiFi?Fs are adeqiin* -- c 'w A great deal of study is going into t.his operation as it affects-both t.he cco- 
noniics and the gluing problem. In Douglns fir, drying may hc :IS l o n g m a r  
c~- '6 in. stock :ind 15 min f o r - ? . ~ & l L ~ ~ I ~ i a ~ T ~ g  tcmpernt,nre ranges irom 
330 to 3G0"1.', heinggcncrally higliest..at the wet end, or ent.rnnce, of the dryers. In 
hrdivood mills, drying temperatures - .~ are - ~ .~ s u h ~ ; i i i f i ~ l l ~ l ~ l t l l o u g h ~ i l l ~  - -  ... t . 1 ~  
\-g-Eoint~f&er. Sudden violent shrrnkage can d i s p t  some of b l i m i & c  
Wle rns  anti make subsequent veneer handling dificult.. I n  hurdwood plymood, .the 
k4r:iI)le moisture content after drying will depend upon the adhesive used. 

I w ! r  imprcgnated with pheool-formaldchyde resin). 
%ling and Patching. The veueers are next sorted into various grades; Since 

v ~ l i ~ ! ~ r  suit:iblc for faces is relatively scarcc and, consequently, most valuable, every 
i~~i"illlc mct,hnd is used to  producc the maximum nniount of this grade. Shccts sm:iller 
til:m the full pallel size are taped or edgeglued together to produce the required sizc. 
111 lllc of dccorative veneer, this taping or edge-gluing may he done in such a wuy 

_' . .._ .. 
\- - 

. 

c ill. Veneers greater than 

~,,I,l"beu , .  Gu,,~&&:j-; :::; ;:e:::&;; ;:dz -!i:.? .:y.!..+ i l l  I I>+. r,:*:,,.l n2:il 5c;pot, 
. . . - . .... .. " . . .  ,. . 

- - -- -II - _ . - _ I  ___. --- 

_. . - - .  - 

wicrul, it is 3-Gy0 for aqueous glues and S-12yo for film glues (very thin shccts 
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as to produce matched or cont.risted grain designs ns mentioned above. Veneers with 
small defect,s are-. and used in faces in certain ntilitarian types of plywood. 
The veneer not suitable for f a k s  is gr:rdctl for IIV: :is b:ick, cross-b:ind, or center. 
These grades are patched or unpatched, depending 011 the spccific:ition of the part,icular 
panel being produced. Patch g is the operat,ion of removing a defective area by 
routing or punching and replac, f l .  g it with ' a patch of sound wood of ex:ict.ly the same 
size. 

glue spreaders which liave a series of rubber-covered grooved application rolls that 
apply the glue t6 t,he sheet of veneer. The numbcr of grooves per 1ine:ir inch (of the 
length of t.lie roll), thcir depthdand tlie viscosity Qf'the aqueous adhcsive control the 
amount of ni:itcri:il applied pei nnit area. The genernl pr:icticc is to spread the ad- 
hesive on t,wo sides of oiie ply :&d plnce it, beti\eerr Lao p1ie.s of nnsprmid veneer in the 
panel nsscnibly. The  :imount of adhesive used, c:illed t,lic spread, is usually espressed 
as the weight of liquid adhesive per thousand q u : m  feet of glueline for hardwood 
species and per t.hous:ind square feet of double glueline for softxyood spccies. 

The method of assembling veneers prior to pressing the p j y m d ,  taking a five-ply 
construction as an example, is as folloivs: 

A back, which will have it,s grain direction parallel to the long axis of the plywood 
panel, is placed on the assembly table. The nest veneer will be a cross-band carrying 
adhesive spread on both surfaces. The cross-band has its grain direction perpendicular 
to that of the back. Xext comes the ccnter in xliich the grain is perpendicular to the 
cross-bnnd and parallel to t,he back. Above this, conies a cross-band with adhesive 
spread on both sides and finally, t.he top or face vhich, of course, like the back, has its 
grain direct,ion parallel t,o the long axis of the plyvood panel. Thus, the construction 
of this p:inel niay oe a ys in. center, two j.8 111. uusA,iiXk, :d ;r ?AX z d  !x& ezc5 
,%,, in. Lllick. Kote, howevcr, t h i t  :lie consr:uct,ioi! I?LLLSI i!c a ~ ~ , i x , & ~ k i ~ ;  tu::; !&:;::, 
except the middle, must have a corresponding layer on t,he other side of tlie same thick- 
ness and same grain direction. Failure to hare this symmetrical or bal:mced eonstruc- 
tion leads to excessive warp:ige. It should also be noted that t,he plies need not all be of 
the same thickness. The only requirement is t,hnt. the construction be symmetrical 
about the neutral axis which lies in the plane of the panel, in other words, the center. 
The construction of a plyu:ood will affect its properties somewhat although the effect 
of species predominates. The construction will, of course, affect its cost. 

Press Curing. The laid-up assembly of veneers is transformed into pljwood by 
bringing all hying (close fitting) surfaces into intiinate contact with each other. 
This in done either by cold pressing or hot pressing. 

of adhesives in t,he manufacture of plywood accounts for a 
r e l a t , & e & f  present.-day production. Electric screw presses are commonly 
used especially in the furniture plywood industry. These cold presses, or baling 
presses, are used to compact Ihe load of veneer asseniblics, after which lie rods adjust- 
able by t,urn buckles :tiid I beams, arranged opposite each ot.her, t,op and bottom, 
maintain the pressure on the bale unl.il setting is accomplished. Depending on the 
adhesive, this may vary from four to twenty-four hours hut is generally considered to  
be an overnight. operation. 

By far the largest product,ion is in a & ~ i n  which the rmosc t f i i i g_ ran re  
the adhesive basis. The hot presses are hydraulic, and generally steam hcated, so that 
the minimum temperature is 235°F. 

Assembling. The aqueou adhesives are applied by nieilns of m:ichines called' k 
I. 

. . .  . , .  
. .  

Cold ress curin 

-. 
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Hot ~ I I I I C I I  presws for Iiardwood plywood will liiive from five t o  sixtccu openings. 
]:or softwood plyi\-ood, prcsscs up to thirt,y opcuings arc used. The minimum press 
size of aiiy consequeuce is 3 ft by 7 ft .  The maximum, except for special c:iscs, is 
5 It by 12 ft. 

Temperature iu the nwiuiufncture o f  soilwood ply\vood is geiic~dly ab0111 3SO0l2 
:mo~ the press time in t,hc rimge of H liiin. or niorc for greater tliiekucsscs. ~TG 
case of hardwood plywood, t.cmper;it,urcs will vary from 285 to 2!)0"1', d l i  press times 
from 5 to 10 niiu. Iri furniture plywood n i a i i u f : t c t u r c ~ ~ ~ i ~ ~ ~ d ,  iii which 
C;LW Imt-water-heated presscs arc used. Press pressures dcpciid on species. They :ire 
gciicr:illy clioscn so as to briug about conipactiou (all plies b r o u g l ~ i t i u i a t e  cow 
tact) and, above tlist, 4% compression. 

I n  softwood-plywood manufacture, the priictice of hot stackiug is common. 
Hot stacking, out of the press, retains the heat which has bceri imp:vted to the panel 
and cure of the adhesive proceeds in the stack. This is a substantial effect and slrortcus 
the required time in the hot press appreciably. Since, in a nell-designed plant, the 
hot press is the natural bott.leueck, it is economic wisdom to keep the press periods 
short as possible. 

L._ - -._ - 

After press curiug, the plywood iqtrimnied to proper size :uid suudcd tu desired 
tliickiiess exrcpt i ~ - f l ~ c ~ ~ e ~ f - l r o l l c h - t c s t u r c d  p:iiieIs for siolitlg or st ruc- d .~ ~ - - 
tural applications. Any defects that are discovered in inspection arc repaired. Patch- 
iiig is done if necessnr). and. t,he panels are inspected.aiid graded. 

Adhesives. By a large margin, the great bulk of adhesives used i n  the niiiuu- 
facture of plyxood are based on either phenol-fornmaldehyde or urcn-furni:~ldehy&- 
A. A smdl and growing amouiit of mclnmiiieformaldclry~le resin is used for 
j,,,,, G.\yuacnls nilctc i t i t :  y , ~ ~ , , u , - , o ~ ' , ~ * i ~ ~ i , ~ [ i c  w i u r  is uujcesiou:iuic. iiesorciiioi- 
iorin:ikieiiy& mil pilciioi-resorciuoi-iormaiueiiydc resius are iiset~ in  patclnug iuid 111 

scarfing to  make p:urcls of extra size. IIelaniine resins :ire the most cosily of (Sic 
major t.ypes, if we eliminate resorciiiol-formaldehyde. I'heuolics :ire nest : i t i d  urciis, 
least. Phenolic resin adhesives generally darken ill color and may stniii if I,liey'1~lced 
through the face veueer. AIelnmine and urea adhesives do not. Hybrid aollicsivcs, 
known as nielamiiie-urea-forii~sldchyde adhesives, arc a compromise in both qii;ilit,y 
and cost slid are being used in hardwood interior grade plywood of the better gmdcs. 

Other adhesives once used in some volume but in steadily dccreasing aniouuts 
are vegetable based such as soya-bean protein glues. Blood-albumen adliesives are 
used in sonic volume in softwood-plywood rnanuf:icture with or without soya pru;ciu 
as nrr extender. However, soya 'protein combinations are subject to mildew and 
b:ictcrinl deterioration nud niixuircs of blood albumen aud phenol-fornialdchyde resin 
are a means of'obtaining better quality with litt,lc incrdse in cost. The blood albumen 
has the property of quick settiug iu tlielmt press and the slower pliciiol-forinsldciiyde 
resin finishes its cure in the hot stack. The quick set of the blood albumeii is particu- 
lnrly helpful in keeping the time in the press short. 

For hardwood iuterior the conimouest adhesive is iirca-for~nnl~cl~yde although 
I)olh melnniiiieforiiiiildehyd~ : i r d  phenol-for~n~ldcI?yol~ :ire used under certaiu 
conditiolis such :is h:ird\vood iloois for exterior opwingJ, iulcrior niilrine vork wIiicIi is 
cousidered a severe exposure, i d  fiwresist:mt p:uw1<. Soft.\vood cstcrior is :iIIIlost 
exclusively mnde with plrci~ol-forr~i:~l~lel~yde :dlcsivcs. S it,n.ood interior is I I I : I ~ C  \rill1 
pllcool-formaldehyde adhesives. blood all)umeu, soya protem, : i d  mixtures or tlie two 
with and without phenol-for~nnklel~yde adhesives and occasionally, urewfonnaldellyde 
ndllesives. 

/ 

- .. . . I  
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Certain synt.lictic resins Ixire the property of forniiiig elicinical bonds \vit~li the 
wood fiber ( 5 ) .  See Adhesives. Thus, the aim i l l  boiidiux of >ill plywood is that the 
boiid should be strong&li:ni the wood itsclf. JYhile certniii materials such as hide 
glirc C ~ I I  mcct this rcquiremcnt on a dry b;isis, plywood niiist :rlso be wat,cr resistant, 
if uot, waterproof, and this rcquires rcsins of :I t,hcrniosctting type xvhich, after curing, 
arc no louger solublc or fusible. Thus, pcrm:incncy is :iclricvcd. The choice of adhc- 
sives for plyivood otherwise has 1:irgcly dcveloped on the basis of voluine availability 
sild cconornics. 

Historically, the plyivond industry has bcen just 
t,h:il,-!,lie manufact,irre :ind cli.-tribul.ion of plywood. Othcr,~ finislied the material, 
if the cud use required it,, ;ind still ot,licrs t,l:eated the plywood for various special 
propcrtics. While this is to  sonic extcnt, d i l l  true, iimwising aniouuts of ply\vood 
ninnufacturcd noivaduys are, at. least in p;irt, prcfinished iuid .often givcu special 
t.rcat.ments. -4 great &:il of hnrdwood ply~vood is completely prefiliished as i t  leaves 
t.he plywood factory. The 

Finishing and Treatments. 

Xote here, the terms :‘finishing” and “prefinishing.” . .  - 
fiiiisliiirg roo111 in a p l \ d p l a n t  is that rooni which does t r i m m i n g h f i n a l  sanding;’ 

h C c h i l E i f  nccess3rv. a ~ i d  ceneral clean-un. J\’heii the industrv becran to outfinishina - I; L “ I  - 
materials 011 the finished panels, they found it necessary to coin a term to distinguish 
t.he two final opcrations. Thus, t.he term “prefinishiiig” means a p p J 4 ~ g  finishes at 
t.lic mill as opposed to field application. This lcads to the anonialous sit’uation that, 
in  it plywoodfact ory, “ f i i i i s l i t i i g ” - i ~ ~ o ~ ~ ~ ~  by “prefiuishing.” 
. Interior use almost. als.:iys ~rivolvcs clt.:~r, or nntural, fitiishes ~vliich may be over 

t,lic usual fillcrs, toners, a i d  stains. In  other words, good furnit,rrre finishiug prect.ice is 
extcnded to the prcfinishiiig of hardwood plywood. The tivo niost. common types are 
, y l l n ~ J ~ y  ni!v?t? ! : ~ p n ~ m y  grid pnnvorsinn viniisho-. 

:r ?Ill”” 3:: ..-“c..;el.;..” I ; . > -  ”.-nt“;.,;”” thn l,P”OEFOP., e!on?o”l* nf 

autoni:it.ic machinery. hlnterials may be applied by airless spray, curtain eoater, or 
sonic form of roller coater. Wiping, if necessary, is accomplished by rotary brushes: 
rubbing and polishiug by various abrasive methods, but all with automatic machinery. 
Finishes are dried, or curcd, in either convect,ion ovens or infrared ovens, and occasion- 
ally combinations. So-eallcd jet-zone drying is a coniniou combination of high-velocity 
air wit,h iufrared ovens. 

Esterior finishes, on thc ollicr haiid, :ire most,ly opaquc or, at best, l.ransluccut. 
The t.ransluce~it finishes :ire the vmious shingle stains used for testared forms of 
plywood sidiiig. They consist of durable pigment. dispcrsions i n  various oil vehicles 
but irit,hout fillers, arid the pigmentation, or pigment volume eoncentr:ition, is low 
euougli for t.he ivood to show through. 

Opaque prefinishing i n  volume production has bceu limited to prepriming. The 
t,opcoat is applied in the field after t.lie plywood is installed. Onc iiota1)le cxccption to 
this is the overlnyirig of plyirood siding with pigmented films of poly(vi11y1 fluoride) 
having, as far as is known, unlimited durability. 

Complct.iug 1.11~ finish in the field is geuerally done wit,li high-grade housepaints in 
the usual nianncr. If the p:inels :re complet,ely prcfinished at the mill, t.he most 
successful t,ypcs prcsc;it,ly arc based 011 oil-modified :ilkyd resius although t,he new 
acrylic I:itemws :ire c:itcliing up fast. bccourje of the porosity \vliicli discourages blistering. 

L- -. . - -- -.A_-.-- - --~-.. 

.4--1:””+:-,. .-rr ..__I._.. 1- _“.._ .-....._.....” ....__ ..._ ...--- ~... 

. “  ._ receive and retain paint. Overlays, most commonly, arc sonic form of plastic or com- , ,- 
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bili:ttioii of pl:rstic resin a i d  paper. Three rahher arbitrary divisious are medium- 
clciisity, I@$-dcusity, arid tlccorative high-pressure plastic overlays. ti large-volume 

is superior-gr:ule, coiicrcte-forn~l,onrlls macle out oi ply\voocl overhid vit,h high- 
clerisity ovcrlay. Such a construct.iou yields smoot,her concrete nud t,hc p:incls Ixst 
longer. 

Impregnation. Some plywood is impregnated. The only limitat~iim this places 
on thc cmstruct~inn of the plywood is that the glue miist be capable of withstanding 
the effect of impregnation aud :i very few species which are uot easily impregnated 
must be :ivoided. The impregnation of plywood follows closely the art of the inipreg- 
nntioii of \vood. A great, deal has been written in t.his field hut there is 110 single :ule- 
riii:tte text which covers the subject.. See also Wood. 

Impregimtiou is a1w:iys for the purposcof.achie,vinE some special effcct, such :is to 
iiicrcze the dmicnsioual stability, for decoration, for tire resistmcc, for decay resis- 
i m 6 r  greater hardnes, for special color ---- effects, .. :md eveu for formmg,fi@s !ii 

- 
.---.- -.. ._- -I- 

4 f i i  

7inipregiiat.ion to iucrense diniension;il stuhilizatiou is almost exclusively developed 
around the use of very lov molecular weight., water-soluble phenol-formaldehyde 
resins which have t,he peculiar property of being able to diffuse through the cell walls 
and rcnct to  redyce bhe nat,ural hygroscopicity of wood. Cerbain water solutions ef 
polyethylene glycols which cannot be cured will also give dimcusional stabilizatiou 
h u t  their priocipal purpose is to  prevent end checking in heavy lumber sectioiis and 
they have uot, been of particular value to plywood. 

Fire resistance is achieved by 3 variety of inorganic salts, the most common oues 
,,C',,lR &e L, , , l jr2u, t~u, ,L p,rlu>, , t~a~ra uu; atumu:liunl suiiaie. Lesser porcions ai orner 
inurg:inic saXs :ne a<ae< such as borax, boric acia, ziirc chloride, and potaSSlUm chra- 
m:ite for special effects such as reduction of hygroscopicity, iocre.med resistance to 
lc:iching, and coutrol of afterglov. See also Fire-resistant textiles. 

Deciiy resistance is achieved by certain toxic agents such 3s pentachlorophbuol. 
i t i d  the lower chlorinated phenols, copper compounds, metnllic salts of naphtlienic 
nciils, and arsenic compounds. See Fungicides. 

Inipregnatiou to achieve color effects is an old ar t  which has uever achieved a 
ami t  clc:il of succcss but, does have some promise in the stairiiug of sapwood to make it 
more uiiifonn with the normal color of heartwood. The dye solutions that have been 
ii?d up to the preseut. are vulnerable to  fading, hut the art may become more success- 
ful ns sonic of the more durable coloiing substances become available.F 

Coutrary to certain unfortunate publicity, urea-formnldehyde resins are not 
rdi:ilile \vood impregnants although great claims weremade for the use of them to 
iwrovc  1i:irdiicss. A new s'cience has spruug up  involving the rapid cure of mononiers 
r:Wlh of free r:idicnl polymerizatiouJo useful resins when placed in the field of a line:ir 
: i w h : i l o r  or racliatiou from cobalt-60. This appears to be 3 real solu1,ion to  ihe wood 
h : ~ r h ~ s  prohlcm if the ecouomics can ultimately be solved. The origind purpose \vis 
I n  :idiieve :I superior fiuish but when i t  was found that  these mouomers could be im- 
PrWlntec l  iiito the wood, the resultirig hardiress increased iiiterest in the phenomenon. 
:\ctlI : lb,  both bardness increases and surface finishes can be achieved simultaneously, 
:LlIllollgh to achieve a good surface appearance requires some skill. 

A grcst den1 hns been published on the various methods of impregnation and 
nnlong the most prolific and accurate sources of such information are the publications 
of the Forcst Products Laboratory, United States Department of Agriculture, Forest 
hnh, Madison, Wiseonsin. 

I .  . * .  .. 



Production Volume for the United States 

T:~hlcs4-7 giye t l ~ e  I:rlcst. av:iil:~lh figures for lhc productioli of softlvood ply\voOd 
:illd ]Iarc~,vood ply\,.ootl in the United States, Ccrt,;iin approsilnnt~ions havc heell 
made in nrriring at thcsc estimates, particularly for hardwood ply\vood. It should be 

rcmenihcrcd thatIi:inl\vood plyvood IS gencrnlly for interior use only? 
- -. 

Uses 

T I I ~  u&d=od depciid 1:irgely on tlic adliesivc i!ix?h!,Jlouall cost, 
strengtll, and 3ppe:ir:mce must :iko bc considered. Some comnion uses arc shcatlring, 
roof-ilccking, colrcrc~lorn,bo:rrds, liousc sidihgs nnd soffits, floors and di:iphragn1s, 
eont,aiiicrs, n~id  of coursc, the :ill-inrportant, use :is a decorative element. 

Ilccorative forms, of course, dcpend on species, and are controlled by tmte. 
Tlicy :ire, except for murine decor:itive grades, generally nietlc in interior i,ypes. 
l.'loors and diaphragms, and occasionally sheat.hiug, are mnde in interior grade but the 

- -- 

rest must be exterior as must all marine grades. 
1- 
- _ -  
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,/ rclaitively new use of plywood is as a core. For example, Douglas-fir plywood, 
tllr? rvorklio.rsc of the industry, is very strong and very lightvcight. Decorative vcneers 
of tllc t,(,:iutiful hnrdwoocls cnn bc ghmd to bhe face :ind back of the Doug1:is-fir ply- 
,r,rwl. ')'tic rc.wlt. is st.ill plywood but n sLructiir:il fir;& litis hecn turiied iiilo ii dccora- 
tivg: :bi i , l  st ri ieturd gradc. 

Strciigtli i i i i d  ecoiioniics :ire tlie niost iinportiiiit factors govcriiinp llie use of 
pl.,.,vo~~l. hlso import:int. is the great variety avail;iblc. For cs:iniple, some wootls arc 
so litre tlb:tt oiic could not. afford lo build piuicls for furniturc from lumber of that 
!p!(:iw. Veisers, on the other hand, can be cut as thin as ?&in., often I$&=& 
it)., ; I I ~  7ised :is f;icing over less valGb'le wood, to conserve priceless spceies-aud 
configiir:itioiis. Thus, our limited, desirable hardwood spccics supply is greatly 
crtci~ded by turning i t  into plyvood. 

- 7.- - - -. 
- -.- -- 
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