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Fabrication and Design 

of 


Glued LaInina ted Wood Structural Members 1 " 

:i;/ 

By A. D. FREAS I1nd M. L. REt.IlO, .!lLflineers, Forest Procil!f'is Laboralory,2 Forest 
Sen,ice 

INTRODUCTION 

",Videspl'cad de've1opme'11 ts in the' field of glued laminated wood 
COl1structiou_ in the Cnited Stn,tQS dudng the past two decades have 
directed attention of architt'ets and cngineers to n, !lew product 
admirably adapted to a wide' variety of building and construction 
uses and, in cfreet, have In,unrlwd a new industry. Factors that 
favored the ready ac('C'ptunec of lrminated construction, aside from 
its unlimited architecturnl possibilities, wCI'e the significant impro'Ve­
mel1ts in glue'S and thedevelJpmcnt through research of the necessary 
engineering design data. 

The term "glued lamina-ted construction>,' as applied to structural­
members, refers to material glue'd up from smaller pieces ot wood, 
either in strilight or curved form, with tbe grain of an the laminations 
essentially parallel to the length of the member. It is th\ls basically 
different from plywood, h1 whieh the grain direction of adjacent plies 
is usually at right angles. The laminations may L of any thiekness 
or length, of nalTOW pieces glued edge to edge to make wide ones;. of 
difl'ercnt wood species, or of pieces bent to curved form during gluing~ 
all of whicb afford infinite choice in design, subject only to economic, 
factors involved in production itnd llse. 

Bonding wood with glue is, of course, nil old art ,that has made 
possibl(' thc fabrication of wood prod ucts in various forms and shapes. 
The usefulness of such products has ill genernl been dependent on the 
strength of the joints and on tbe abili ty of the glue to maintnin: strength:. 
in service. Improyed glues IlfLvc increased the serviceability of con­
ventional glued wood produets and provided n,n opportunity for using 
wood for many purposes. Rl~cently developed highl,y water-resistant 
resins that set atmoderllte tempera.tures have made possible the 
production of laminated wood suitabh! for use under severe service 
eonditions, including cxte'rior exposure. 

The ForcstProduds l;abol"atory bas long been active in research 
on ~he ~luing ?f wood. 'rhe first I"C~Cardl at the Laboratory on 
engmeel'lI1g deSIgn data for glued lam1l1ated archl's waS undertaken 

t Submitted for publication .Janllll.ry 30, 11)53.. . 
2 Maintained at Madison, Wis" ill cooperation with the University of Wisconsin.' 
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, in 1934, when a number of three-hinged arches "rere fabricated and 
" installed in a building erected for the Laboratory at Madison, Wis, 
It included tests of structural units to check such factors as design 
formulas and working stresses, and the effect on strength of curvature', 
scarf joints, and knots in the inner laminations, Results of this 
research are presented in United States Department of Agriculture 
Technical Bulletin 691, The Glued Laminated Wooden Al'ch, which 
provides the technical data necessary for the use of laminated arc11rs 
on a sound basis, 

The great demand during World War II for hei1vy timbers for 
military and industl'ial usps hastened the development of laminated 
wood products, since the supply of solid timbers was inadequate, 
Some of these uses required hardwoods rathpr than the soft\\'oods that 
had customarily been laminated with easein glue, and many members 
were needed for use lmdi~l' l'xt('l'ior OL' w(>t-exposul'e conditions, where 
casein ,glue would not be durable. 

Soml~ of the synt~1eti,(' resins of the urea-formaldehyde t,\~pe, devel­
oped in the 1930's, can be uSNI at room temperatures and are superior 
to casein glues in water L'(>sistnuc(', However, when they were tried 
for laminating oak lumber into boat keels, they did not withstand the 
service conditions imposed. In 1942 attention was turned to the usc 
of the new intermediatl'-tempel'llture-sctting phenol-l'l'sorcinol J'l'sins for 
laminating white oak ship kl'l'ls and fL'UL11es, Sponsored by the Kay}' 
Department's Bureau of Ships and by the 'YIU' Production Board's 
Office of Production Rl'seal'cb and Dev(']opment, ('xI)('rimental work 
oli the application and performance of tlll'se glues was un(ll'rtakl'n at 
the Forest Products Lllborntor,\' and a t two commercial pilot plants. 
those of Gamble Bros" InC'" at Louisville, Ky., and Ti'nber Structures, 
Inc" at Seattle, vVash, Later the ('xpl>l'imelltnl \\'oLk included simila.r 
studies on the more recently de\'ploped resorcinol resins, As a result, 
procedures were worked out for fabricating laminated members, the 
bonding of which is ca,pable of withstanding all exposures that the 
wood itself can withstand, 

While the procedurl's for m!1king glu('(lla.minatcd construction w('re 
developing to the point where beams and other structural plements 
could be made, it become increasingly appa/'ent tlmt additional re­
search was necessary to solve new problems /'cl!1Liv(' to strength and 
design. With the cooperation of tIll' WtLr Production BO!1rd and 
industry, further work on thr fnctors aft'pcling strength Wits undp/'­
taken at the Forest Products Labomtorv. '1'his work includpd thp 
testing of full-sized laminated l)('ttms tLnd columns, Lo provide addi­
'tional design data and info/'nuLlion for Lrclmic!11 pilasl's of spl'cilica­
tions. Factors investigated induclrd t.lll' relative strength of' members 
containing different tyP('S of PHd joints, the cff(>cL on strl'ngth of dn­
fects in different lamilULLions, LItt' ('ffect of varying the thickness of 
laminations, and like factors, 

ADVANTAGES OF GLUED LUIINATED CONSTHU(;TION 

Advantages of glued l!l;minated wood cOllstrueLion. are many and 
significant, They include the following: 

• 


, 


1. Ease of fabricating large stl'uctul'I11 elements from standard com­
mercial sizes of lumber, Lt1minated arches have been erected that • 
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provide buildings with clear spans up to 170 feet, as have laminated'. beams of SO-loot span, Arches with sN.:tions fiS (lepp as 7 f('et have 
been Pl'ojpct('(l. 

2, Achi('vem('ut of r."c('U('nt architectural effects, and tll(' possi­
bility of indiviclualL,.•" dt'corativ(' st~'1ing in intl'l'iors, 

3, Freedom from ch('c1\:s 01' othN' spasoning defpcts fl,s80ciat('d with 
large one-piee£' wood members, in IJul.t Ol(, Iml1il1ations arc thin e!lough 
to b(' readily sN.soned bl:'fore fahrication, 

4, Tll(' ol>portunity of elt'signing ou the bitsis of the strength of 
s('asollf'd wood, for dry servi.c(' conditions, inasmuch itS the inclividual 
laminations clm bl:' driNl to provid(' m('mbcl's thoroughly seasoned 
throughout, 

5, The opportunity to dl'sign stl'llCtuml dements that vary in 
cross section a10ng tlwir length in accordance with stwngth l'('quirc- . 
mC'nts. 

6, ThC' possible usc of lowN-grade ma,t('rinl for kss highl~Y stressed 
laminations, without udyersl'}y affecting the stl'lletural integrity of 
til(' member, 

7, '1'11(' fabrieation of In.t'ge In.minn.ted strur.tul'l11 mrmbC'rs from 
sma1101' pi{'('rs is iu(,\'(·nsing1y tt<iaptab1r to Olll' futurc' timber ('conomy, 
wh(']1 mo]'!' of 011I']u111hrl' ",111 com(' ill smallr!' si7.(,s from smaller tre('s 
and in 10\\"('[' gmd('s. 

• 
~[od(']'ng1t;('s and gluing (rchniqllrs pl'oyid(' hoth !1ciequn.te and effec­

lin' mrallS of bonding Inmtnations into n.n Ilssrmbly ('qnal in strength 
to n· singlp-pir('(' lllrmb('I' of rqlliYaiPnt S('ctiOll, 1'lw)' milT be selected 
to proyidC' n 1n,minn.!c'd n.ssrmb1)- that is wn,tc'I'-rf'sisLant or waterproof 
as conditions of lIsr mn," dicta,tr, An exmnpl(' is tllr usC' for ship 
conslrllction of hl.lninatl'd oak kpl'Is nnd strms fabrir.n.tl'd with pheno1­
l'psol'rinol, !'rsol'eino1. or mrlamiJJp glues, WllPl1 properly glued, 
1aminn,trd ml'mbC'l's mn,~- hI' givrD prrsel'Yativl' treittnH'nt by pressure 
mrthodR much us solid timbers Ul'(' t['pate'd, and thrr('hy havl' improved 
I'('SiRtn.llcr to d('(~ay whell used undC'1' n,dvel'se conditions of l'xposure, 
I t is possiblr also to give Llll' laminations prescrvativc treatment prior 
to assembly, 

C('['luin 'fuetol's invo}yed in thr production of laminated timbers 
arC' not CllCOlll1tCl'rd, howevcr, in producing solid timbC'rs, A.. number 
of th0S(' 11I'e: 

1. ThC' pl'rpamtion of lumbC'r for gluing and thl:' gluing usually 
/'ais(' tll(' cost of the fiuullaminn.tcd procluct above that of solid grean 
Lim 1)('/'s, 

2, }1'O1' constr'octions in which gl'rl'll timbers are satisfactory, more 
tiUl(' is fl'C! U11,(,(\ too ell t and srason lumber and to do the laminating 
than is 1'rquirrd to cut solid ~l'('rn timbrl's, 

a, Since Ih(' valur of n. In.minn.tc·d product dC'pends upon the strength 
of thr ~111(' joints, lhp luminn,ting pl'oecss rcquirC's sp<'cial equipment} 
plant facili tirs, and fli,hriealing skills not needed to produce solid. 
green timbers, 

4, Becn,lIsl' s('Yf'l'I11 l'xLm fabl'icn.ting operations are involved in 
manufu("turing lfi,luinatecl members, fls comparl'd with solid members, 

'. 
grratl'l' Cfl.I'C' must be {'x(\l'cis('(L ill ('n.r,h oprl'n,tion to insure .a product 
of high quality, 

5, Largp Clil'Yed mf'mbel'l:, arc awkward to handle and ship by the 
usual carriers, 

~.- . 
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TYPICAL APPLICATIONS 

One of thE' early applications of gltwd laminated construction in 
the United States was in the form of 3-hinged fl,rches of approximatply 
46-foot span in tL building at thE' Forest Products Labot'atol'}" (fig. 
1, A). These arches were of variable cross section, tapering in depth 
toward the ridge of the roof and toward the ba.se from a. maximum 
at the knee. The k11E'e was placed at the eaves, with an appro~,:imately 
vertical leg, so that maximum utilizution of spuce up to eavE' lwight 
was possibk .Al:ches ha.ving this gl'Il<'l"111 shape a.rC' also suita.ble 
for gymna.siums (fig. 1, R) and induslri'11 buildings, since thE'Y provide 
unobstructed floor a.rea usa.blc' to n, consid<'l'l1,bk height. An unusual 
application of g;luecl laminl1.tt'd 11l'clH's is iUustmtNl by figure 1, O. 
Figure 2 shows lamilla.ted arches ha.ving n,n I section, 

Glued larninatrd n,rches have found eonsid(,I'abh' acceptance in 
church construction. Thl' pll'nsing nrehitC'ctuml efl'C'cts possible with 
glued laminated areilE'S a.re illustrll.ted in figure a. 

The form of support for the a,rch mn.y be \'urh,d to suit the require·· 
mcnts imposed by the structure. ,Vltl'l'P interf(,l"ence above wa.ll 
height is not critica.l, tied a.rches ma.y be used for single spans (fig. 
4, A) or for multiple spa.us (fig. 4, B). Buttressos ma.y also be used 
for arch support. 

Glued laminated curved mfters a.re no\\" frequently used in farm 
structures (figs. 5 a.nd 6), purticula.rly in· bfLrns. '1'h(' mft('rs, ordi­
narily of rela.tivC'iy sma.ll S1Z(' a.nd spncN\ a.bOllt. 2 fert fi,pa.rL, a.re fi,vail­
able from lumberya.rds and fn.t·m coopera.tiv('s in stock sizes for n, 
variety of spans. ~Iembel's of this SfLrne general elmmcter arc also 
used for small one-story industrial and eommcl'eiul huildings. 

Aircra.ft ha.nga.rs employing glu<.'d laminn.\t'd a.rch('s of various forms 
became fairly common during World ,VILr II. Such n, hangn.t· is illus­
trated in figure 7, A. In bowstring It·ussps, lilt' ClIIT!'!l U ppt'r chords a.re 
frequently of glued lamina.t('d cOllr;tI"uctioll. Usuull.v the lower chord 
and web membt,l's a.re of solid cOllsinletion, lnlt in some cUS('S both 
upper ana 10w('I' chords a.re lnminn.lt'd, ns ShO\n1 in figu re 7, B. 

Glued laminated SlrucLu('('s in extt'l'ior n.pplien.tions u.('(' less eom­
mon, but a numher of bridge instulla.tions hnY(' b('('n mnde on 1'a.il­
roads and highways. One such inslnlln.lion, ilwoh'ing Inmina.tNl 
stringers, posts, n,net ca.ps, is shown in figuI'(' 8, A. [i'igurc 8, B, shows 
a two-lane highway bridge Sllpported hy 4 glued In,minnlNl al'ches of 
lOS-foot spa,n. The la.minl1,tions wel'(, lren,ted with a. pr('s('rvativc 
salt before lH'ing glued. 

Boa.t and ship construction offers IL promising fh,ld for til!' utiliznLion 
of glued laminn,ted wooel. During World \Vnl' TI, lhe shortfigC' of 
white oak of proper quality n,nd a(kqlI11,\e si7.c for kcels, stems, frnmes, 
and other parts led to a.n int(lnsiv(' progru,m of l'('s(la.reh. La.minu.tC'd 
keel-stem assl'mblit,s, such as n.re shown in figlII'e 9, dcmonstI'nted 
adequat,c clumbility and ('onsidprl1,bly impI'ovl'd. strt'nglh n,nd stiffness 
as compni'ed with tIl(' nwelmnien.lly joitll'!l n,ssl'mhlil's ('ommonly USN\. 
Boat parts ma.y 1)(' fornwd to various pn,l\ (11'IlS, thus simplifying 
assembly; for example, bilge' slrillg't'I's and gaI'bo(\,I'(ls ll11Ly be formed 
.to it pattern involving ('o'mpound e1II'Vn,LuJ'(' n,nd twist. FigUI'(' 10 
shows laminated ship pln.nking. 

• 


• 


, 


• 


http:ha.nga.rs
http:Aircra.ft
http:fi,pa.rL


:",' !.'-: '/'~~:rl> ",".r . 
\-!' 

FABRICATION OF GLUED LMvUNATED WOOD .) 

• 

• 

'. 

M26224F, MB0371 F. MB0480F 

FJ()LTHI~ i.-il, Lnmillflf('cl 1l1'1'}WR ~pnll 40-foot-wiele f'N\'ICe huilding fit Fomst 
l'rodnelli Lnhoratory; H. iaulinntpd IU'che~ of 03-foot ~Jlan ill high ;;chool gylU-' 
llLl~ill1l1 ttl Uu.l'lingloll, Wi",; (', ittllllUtltpd tU'<.:lll's of vttrying Sllttll find shape 

• 
for thett{or at Lm; Angell':;, Calif. 
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M80462F. M60476F 

• 
FWt:IlI, ~l.-·A, Lf1lJtilJul!'f[ al'ChC'H ill !t chapp[ at i'aHad!'IHl, Calif.; 13, hUllinutcd 

Itn'll<'s ('omiJillPd wit h gtrnight.. Holid llIPlIliJl'rH for ul'rhitpcl Imil dfed in church 
at Hall Uail/'il' I , Calif. 
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FABRICATION OF GLUE!> LAMINA'l'ED WOOD 

• 

M33983F 

FracnE ii.-Lumillutpd barn raftpl's (l %hy 5;~ inches in ern"", ;,petion) continuous 
from fOllndation to peak. t:ipacillg of rafWrs, 2 feet. 

Ilhlstratiy(' of the lnrg(' siz('s and (,Xl1Ctillg lIS('S possible with glued 
laminnted COI1Btl'uctioll :In' tIlt' dn'dgl' spud p1C[1I1'P<I in figure 11, A, 
nnrl tll(' rnclul' must in figure 11, B, A l1u111l)('r of such spuds, 30 by 30 
inc1l!'s in cross s('c{ion and 85 fpet long, hu.vl' luuL (>xt<'llsive usc in 
dredging ,nn'k on the C'olmnbiu. RiYel', Illllstl'atiY(' also of largc size 
[lnd l':\neling ust' arc Illl' SO-foot lwams sUPPOt'[ing the roof Of n. dye 
housp 111 POl'tlnnd. Oreg, This sOlllPwlmt 111l1lslIitl applicn.tion of 
simpll' IWllms was (li('tnted by the SCY('1'(' atmospheric conditions 
within [h(' Inlilding. Thp highly humid, acid almospitl'l'(' pl'eclu(kd 
t11p lIS(' of s((,pl gil'<i('l's find t1'USS('5, 01.' ('V('11 of [i111Iw1' tt'usses with 
SIN,l holts OJ' ('oulIl'dors, because of th(\ c('l'tuinty of rapid corrosion, 
'1'11115 a \\"oocllwf\,m ghl('d with highly r('sistant 1'('so1'cinol glue provided 
a pl'Rel iell\ sohltion to tlw pl'obkm. 

~lillt' guicips Iaminat('d. with the gl'Rin of pn,l't of the laminations 
al nn ltngh' to ll\r nxis of the guide to pl'ovidp gl'(\lller WNtI.' l'l'sistn.nce 
luLYC Sl'l'1l sf'l'vi('C' in PXI)(\l'imf'ntal inslnllaliolls. Laminn.t'('d spars 
and spar Hang('s for wing spars of lrn,llwt and glider ttiL'crnJl were uaed 
in IUl'gp I11lmb!'!'s during "World 'Vn,}']J. A In,milmlr\d ail'plane pro­
pellt'L' is shO\m ill (igmc 12, A. LmninnJ(\d ('ross al'ms (fig. 12, B) for 
cJcctl'ie POW('I' lilH's IIfLVl' been 1.Is('(1 to some extent. 

t, 
':,. :~:; -,;.,'",; ..:,'. 
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M868<t2F 

"{fwnu, H.-Corn crill ill \rhieh lalllillaled raftC'n:l arC' tl~('(l. 

'I'his publicution i<l intl'Jl(1C'd pt'illlarily n~ a guidp to till' fabri('alion 
ft.nd d('~i(rt1 of (Ylupd ialllinalpd lllt'tllbpl's of ('llcritl!'l'rin" struclUt'PS 
such os '"'bPllIllS: ludl ('ibs, and II'1lS~ parts, '"'ultlHHtgh tttl' fab~ , 
rieation prin(,iples sd forth apt' upplit'llblC' [0 glued IUlllinnlpd 
al'tielps of all t~'J)('s and sizl's. Pal'l I d('s(,l'il>('" tIl(' Pl'o]lC'l'ties nnd 
usc chal'fict('l'istie<l of gltH's su itable for laminn( ing st met 1I rai \\'ood 
produets, tIll' splC'dion of tl\(\ propel' glup [01' th£' intl'ndeli sC'l'Yic('. 
and the n)ost comlllon pt'o('e(hll'('s fot' th(' Inminft,ting oIwl'ntion, Pnl't 
II pres('nts ]ll'inC'ipl(\s of dpsign of lam innt ('<\ s[ t'lI('l urnl membet's. 1\0 
attempt; is nHHk (0 pn's<'rlt IllPthods of stJ'lIC'tul'tll annl,,'sis ('xC'ept 
whpl'c dcsign d('lnils l)('culillr to wood or Inminnt('d \\"ood stnlC'tuJ'l'S 
need disCllssion fo/' comph'll'rt('Ss. • 
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MB0373F, MB0481 F 

FIGURE 7.-A, Hangur for aircraft at Huger1'towll, ~Icl., showing 170-foot glued 
laminated archcs in place; B, bowst.rinp; trusses of llR-foot f;pan, with glucd 
laminated upper and lower chords, for sOlillel stage of motion-pictufC sct at 
Hollywood, CuI if. Hide- and end-wall POf;ts al;:;o of gllled luminal,ed construction. 

:.• 
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FJI:tHL '-. ,\.. ]{aiha\ 11'<'-1](· of l:lIl1ll,al .. d '-"111 11('1'11.,.,11.,\\ 1'1111' t illl]"'I'-; ,I t'itlg('t'~, 
po"f-, :11,<1 ('aI" '-'.!'wri '.Iil!. it.t"rJlI('<iillll'.1!'U1P<'1'1l1'lI'f'-,;('IIUIg 1'111'1101-1'1'."1'(,;"01 
l'(',ill niH] pfl'·.-qn'.II'I':lfl,d \1 it It ('1'1'Il'oll', /1, 1.'"'0 I.;lh., [.lid!!,', il) Ul'l'glli), -'iJ" 
pol'tl'd by rOlll' 11l::·fllll(·-I':lo gl'l,·d I:UlIitHll ..<l :11'(']"'-: ittll!'I'IlI"JrI'>f'I'- [[ ['." :n,\ 
iHelu· ... ill ('1"11"'- ',1 ('!lf1ll, 01111'1' ft1PIJdH·r-..: ~t })\' :21·', lll('llf'" in ('1'1''''- '"t-C'llqll; flJl'lUhf'r'" 

J,!lll..d \Iilil phl'"ol·!'t""l('il,"l. lalllio:lli()l1~ (In'.--III''' 11',,!!t,,] I,'j.l, \\.1\111:111 .tI]l­
[",foJ'(' g]lIi"g, • 
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FlGURE !l.-CHuC'd laminated kC'C'I-,,(C'm aS~(,ll\hly [or boltt!'. 

• 
M69905F 

FWI)1tg ) O.-LILlllinatcd2S-fool whit(' oak ~hip plltllkillg gJuNl wit h intermediate­
t.(l 111 1)(' mlurC'-RC tt ing plWllol-re8ordnol resin. 11ldividual laminations % inch 
thick 

;!'I'HHO" rH ~~-:l 

, 
\ 
':~,!1i .~.,!". 
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F";II1[' II.· '.1. (;)I/l',j ialld~.1l1.·d '\1',":'" '/.li'\' :\11 l,y :111 iLl""" j). I',.,,, "'I'li"" 

alit} "'.} f(,pl If)Jt~, 1: h~1l:i!!hll",1 r:l,Jar nj.:l"'~ 1.1 i! "J,' i· dl;l!I<I·t~'r. ;H) fj I'. hn~u.: __ 

"\l\ dp,.;i:2;ll 1't'('OIIJIlll'lId:11 inll"; ('III1I;IJll ..d [JI'I"ill aI''' rl"P"Jlrll'llt 11)HIll 
tl1(l pn'p:ll'Hlioll Ill' l:i;nill;Jlillll" ;1Ilel II", ~,·lf·t"li"ll.,r :...bll' Hwl t'lll'ilJ:2; 

t!'l'lllllqlll'''; III :/I'('Ol'rll//II'" \\ i;ll a,·,.,'pll·d bti'I'II':pioll pI'1H,,.dl!I"'~ llwl 
11",,111'[' ad 1'C[1I11 1I' :;:\t]l' iltllld~. Tit.· 11I'I\i~i"li~ til' lhi, p,d)lll'tililill apply 
to tilly ,,;pf'['il'~ Ill' wood, 111;1 al'! iUlfikd If) 1:1\11111:11".1 IIH'lld",I'''' Ihnt tll'l' 

jll'l'pnl'pd fl'fllll ITlllJIJ('l' "1'1l,,"11l'.J III <I !llld,II""~ ... /wdj f'IlIJ!I:!1i 10 <l""'IlI't, 

llnifol'll1 dl'\'!lI:! 1\ I! [I!I\l1 -":I-"[lil1'l d"'...I':IlI,', 
:-;OI1\P [nl;l'inIIClr" IHI\I' PI'IIi'",,·d til" 11"'" "I' ~11'IWllll'ld 11l"I11ll1'!'''' ('1\11­

,.;i,.;till!! of ,.;J)I"'l~ or ph'\\!lIHI :!11l,·d 11l:';"111f r, \l"!ll!"'1'- ...,. 1:lill'il'ltl<'d 
('Oilltlill IT!>";.., I,:tllll ... lind Ilt1,~ d.. 11')\ ('11111" \\tlilill lit,> "'''tlp'' IIr 1111'" Y 
]lllhlj['afioll. III .... 111'11 ['IItl-ll'f\f'fillll. it j", 1II'I", ... .;jt,{,· t .. fl;!\(' Iii,' tll ­
1'(,['\ lOll or !!J'Hlll "lIiIWi,jI' \\ it II I hal Ill' I IIf' pl'illt'lpal "II"''''' ill fll{ln' I lin 11 

H pHI'{ or til!' YI.!T/ll\l'llf Ih('IIIPllllwi' Ply\\o'lf! "all IlI'n",·d ..tr,'r'11n,ly. 
howl'''!'J', rOJ' (lip ·,\('1 .... of Ill'a/I"'" :.!'trd"t,.... lind "olflllllb h:lyill:! ';lIlid or 
lUlllintl t ('d wood lln II'..!'I". 

'1'111'1'1' Hrl' illlllllJlI'l':.l>ll' I'olldlill<lljllll' Ill' kl1llln ... l\tat !In' illlPlll'I:lllt 

in l:r!tlirt:tl iWI, ,twit 11-- \\ ",,<I "I' 01 rll"'(,"11 I "PI"'I,'''' arid d,·lt ... rt il'.... t ,'fil'''; flf 
Pilei jllillt- Hnl! 1ht'J!' plnt'PlliI'llJ III ! Ill' :I ... ~i'lpl.L ,i "'" ,.1' kllll(.; :llIrI 

tlipil'jfll'ntH'1l itlll)!' J!'l1c:Ill alld \\ 1Ii1 I! "I:r bll<tlla'llIlt. alld tilt' (I" .... ilil1ll • 

of the llllllill.llioll III 11ll' a''''''/III,,-\ II ,... II}.'I"'!"',' iJlll'l'Iwl it'll I 10 
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M 58678 F, M89989F 

Fwcm: 12.-.11, Lnluiuatcd-wood fixecl-pitch propellcr; fl, laminated cross arm of 
Douglas-fir glued wilh intermedillt<'-l<'U1perat llJ'c-:;C'lting phenol-resorcinol
rpsin. 

determine by tr~st [h0 efl'cets of ttl! comhinations of variables. In 
setting up l'(:['omrnPIH1Nl Tll'aet iet's, it Juts (hPl'dof'(' 1>0<'11 necessary to 
ussume thnt filldill~S froIll [('sl:> on 11 rpw sTweips illld Oil a few of the 
eOlllbinll{ions of ynl'iablps art' ~('n('mlly Ilpplieubl('. Furtht'rmol'c, 
sonw [eMW'ps of dl'sj~n tlnd ('Ollsll'ud ion fire l'('tOllllll('lldpd thaI, have 
not JW(,1l sludit'd ('x[H'('.illwu!:dly. In Buell instnll('('s. the l'equir'cments 
aI'(' bused on ('stirnn[('s, juclgl1ll'nl, nnd s1/('h l'yi<iPI1('(' from other tests 
ns o'PPNU'S to bt' uJlpJi('tlblt'. 

'. 
..~ '-" ., < .. 



•PART I. FABRICATION . 
PERFORMAl~CE REQUIRED OF GLUE JOINTS IN LAMINATED 


CONSTRUCTION 


.The glues in laminated wood products must ha'V6 sufficient original 
bonding stL'ength and durability to enable the glued membel' to per­
form aB a structural unit thr01lghcllt its selTlee life. The service life 
of \vood is 11sunllv determined by· its r('sistan('(~ to decay and to other .. " 
causes of deteriorO,tion. Although the glue bond of 3. lamInated product 
must be equally resistant to deterioration, any superiol' resistance 
cannot be expected to extent the normnl sel'Yice life of the wood. 
Glues used for bonding must not dall1fige or weaken the wood, find 
they should permit machining of the product without serious damage 
to surfacing equipment. 

GLUED LA)Il~ATEI) PRODFCTS FOR SEHVleE rNDEH NORMALLY DHY 

CO); 1)1'l'1Ol'i:; 


Glued laminntNl "'ood lISN] ('ith('r in the construction of buildings 
or in equipnwnl for lise insid(' of buildings is usually protected from 
e:xpOSlU'e to moistur0 so that th{'l'p is liltl(' dnng0l' of its deterioration 
from decay 01' similar haznrcls. Fn(\('l' s1lch conditions, the mechani­
cal strength of the wood and the glue joints determine the useful life of 
the product. •A glue should be as dlll'flbic IlS 111(' wood jn tbe member to be suit ­
able for use in permanent structures, and in most cases its bonding 
strength must be as great nR that of the wood. in shear parallel to the 
grain and in tension aCL'OSS tbe gmin. Some ordinurily dry exposures 
may involve ternpOl'fl·l'Y high-humidity conditions. \Vben tbe mois­
ture content of laminated wood.is tl'lllporarily rais('d higher than about 
20 percent, bacteria, molds, 01' otllN' decay organisms can efiuse de­
Mriorution of glu('s conUlining either protein or stflrch. It is d('sirnble, 
.t.t,'~!"~;ore, that su('11 glues be tl'eat('d with ])l'eservatives to clen·lop 
some degree or r('sislUJl(,C' to the Ol"gnnisms. Undet, some exposure 
conditiolls the glue must also he dUl'fLbl(' to heut. 

GLUI~D IAm:'<ATEJ) PnOI)UCTS FOn SERVICE Ul\OER :MOTST On 'VET 

CO:>\IHTIOXS, hCIXDlXG EX'l'EHIOH EXPOSURE 


LamilHtlNl prod.u('.ts uS(ld under ('xU'I'ior ('xposure conditions, such 
as bddgrs, bon.l frfuning, u.nd illlplpl1wnt parts, lU'P subj('ct to wide 

.variations in tempc·rtLtU['(', to (ll-~'iJ1g I1:1H1 w('tLing, and C'Vl'll to soaking. 
GC'lH'rally, wood of high nMural dUl·itbilily, or wood that has l'('cl'ivcu 
pr('s(ll'vntiv(' trl'U,tnwllt, is wwd for lnminnting' slich produets, and tIw 
strength and dumbilit~· of the gltH' honds must ('C(uallhat of the wood. 
The glu(l, theIl, mtlst possess high l'(·sislu.nce to wu.Ll'!", heiLt, molds, 
fungi, alld sOIlH.'tiu1PS to dH'mienJs, .: 16 

http:prod.u('.ts
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PROPERTIES AND USE CHARACTERISTICS OF 
WOODWORKING GLUES 

Prior to thr drvrlopmrnt of synthdic rl'sins, thr gIurs (8,27)3 mosL 
usrd in wooclworking inclucll'd thr animal, v<'gl'labk-SLarch, casrin, 
vrgrtablp-pl'otrin, and blood-alhumin typrs. In rrCl'nt }"pal's, how­
evrl', an incrpasing numbrl' of s)'lthptic-["{'sin glurs havC' become avail­
able (9). Thril usc has rrsultrd in improvrel prrfOl"llULllCe of many 
glued wood products and has fn.eili tatpd thp adn.ptn,tion of glurd 
products to npw uses, Ply'wood for ('xkl'ior uS<'S, In.minatrd wood 
for bridgr timbrrs, ship kl'('ls, ami Ot1U'I' mrmb('l's for nsC' undC'l' Srvere 
s('1'V1e(' eonclitions arc among thosr products, 

Rpsin glues in most common usr at pl'C'sent n.]'e the' ur0a..:fol'malde­
h:---de and phenol-formahlehyde ghl!\s, ::"1 claminl' lIJHl !'l'sol'einol­
rpsin ghll's arc among tlU' IaU'sl d('vpjopm('nls, and. tltr lIS(' of 1'rS01'­
einoll'rsins n.nel plw)loI-I'Psol'(:inol t'om binat iOllS is rapidl)' in(TNl.sing, 
pal'tieularly for laminating. To a Jimil{'(\ t'xt<'nt, <'11luIs\fi('d villyl­
rst('r r(,sins arC' finding sp('cializrd usc itS woodworking gllH's, A llUlll­

brI' of sl)('cia1 synthl'tic-J'rsin glu('s lw,vr also 1)(\('11 dpw}opNl for the 
bonding of wood a,net wood pl'odueb:; to metal, pinsties. and OthN' 
mat('rials. 

• 

"\Iith thl' ('xcrptioll of the' yiJl:d-l'slf'r l'r8ins, tllt' s,\'llh0tie-1'('sin 
glul's tlul.l hu.w l)('l'11 tlsl'd fot' bondiltl; wood to \\-ooll an\ eiassifiNl u.s 
thrl'J11os('Uing; lha.t is, tIll' GUl'I'd glut's do not sofl!'ll n,PPYl'ein.bly 
Wli!'ll rxpos(,(j Lo [(11111)('1':11 un's thiLl nl'l' 11 igh(,I' t1lttll 111(' OI'igmnl set­
ling [r11lperatul'r, Tn gPJU'J'aJ, aJl,\- lhl'I'l11oselliJll; gIII(, ('an 1)(' nHtcie to 
1In.l'd('n or eUl'r mOI'(\ l'api<Il,\- h)- rnising thl' ('tiring' [('lIIIWl'Iltlll'r and 
thus d<'erl'H.sing HlP ll'ngth of timr l'('fllIil'pd lIndl'1' pn'ssm'p, '1'h('1'l11o­
pIa.stie r('s1ns, on Ill<' oth!'1' ham!. muM first Iw lll'll(l'd (0 tlip pointwlH.'re 
thry flow nncl (]H'll lIsuall.\- hp eool(I<I lInd!'1' prpsslll'p, HuhsrqlH'nt 
llPn.ting l1})ov{' th(' Rof[('ning l'll1lg<, will wl'n,kl'll t1l(\m llll(l pt'\'mit joints 
to open. Breallsr of tl\('ir trl1dPlwy to now at elC'yatl'd trmperaturcs 
n.nd ~o erl'Cp under sustllinrd load. I'l'Sil1S of this type nrc not reCODl­
menc\rd for \tlminn,trd structural wood n1l'mbel's. 

Thrrmosrttil1g resin glurs may br classified ae('ol'ding to the tem­
prl'n,tm'p 1'C'quil'pd (0 elll'P thrll1 )n n I'pasonabk lrngth of tillH', 

P(lJllimllrmperature [or ,Mi/l.f(lciorlJ tILTing wilhin pmrticnl
GIIIO claf;~ifi('a[jol): lillie ./imits 

Hot-settin)!; Itpqllirl' higl1Pf \(~mppmt\lr(,s than thosn 
('ollllT)()[lly at:tailwrl ill h('o.(NI chambers, 
for whirl! the lll:lXinmJl) is about. 210 Q F. 

Intenll('riiall' - tf'lllflPmtllrp- l1eqllin' hpatillg in I'X('l't'f; of normal room 
setting, \('l11pern,tltrl's «(1.\)0111, fi5° to 800 F,), but 

do not reqllire teJllJlI'r:ttllrC'~ abovo 210°, 
I he Illltxill1urn thaI' ran ordinarily bo at­
tnined in heated ('hambers. 

Hoolll-tcmppratll/'(!-Brt! ing•.• _ Require 1I0 heating ahon~ llOl'llllll rOom tem­
ppmturC's (about. 65° to 80° F.), but do. 
not. ellre satisfactorily Itt lower ternpr-r­
atures. 

Cold-!icttinp; t. ______________ Set or CllrC' below normal workroom temper­
aturps (minimum abollt 65° F,), and some 
nitty liP! llttl_i;;factoriIy at temperatures as 
low (1$ 32°, 

3 Italic figurcs in [Jal'cnlhCtH!K rerer (0 lit!'l'Iltlll'(' ci(!'ci, plt!!:e 145. 
t This term iR often mislIsl'C\ in that ('('['taill glucs tHe ,'efn,.,.('d to nil cold-selling 

that actually !'cquil'(' lit, (Pllst iO° F. for sltiiRfl\('tory (,lire. 

., 

" 

" ". 
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This. classification is made merely fo1' convenience in discussing the 
gilles and does not imply that every glue represented as belonging to 

(j a certain class necessarily cmes at every temperature within the range •
given for the class. It has been established that an adhesive mlly 

require different curing temperatures when used \vith different species 

for the samc type of ('onstruction. Thp['('fol'e. c('rtain glues may fall 

under one classification when used with some species and under 

another when lIs('d with other species. Also, when different times 

for curing are allowed, lihe tpm.pel'n,turc requirements may vary from 

the range of one class to tbai:, Df anoth('l'. 


. Since blood-albumin, vegetable-protein, vegetable-starch, and 

.. animal glues are not suitable for the gluing of laminated stmctural 


members, they are not discussed in this bulletin. 


CASEIN GLUES 

Casein glue is classed as water-resistant beeause of its relatiwjy 

high resistance t.o mois ,'re, compared with that o( vC'geLable ancl 

animal glues. Its basic constituent is dried casein, which, combinC'd 

with alkaline chemicals-usually lime and one or more sodium salts­

is water-soluble. Prepared casein glue comes in powdC'I' fonD, and, 

when mLwd with water in the coned proportions, is l'cady for usc. 

It sets as a result of chcmicall'cadioll and of loss of moisture to wood 

and air. Well-made eas('in glu(' joints will d('vl'lop the full strength 

of the wood, especially in softwood species (27), and will retain 11. 


large part of their stl'ongth ('ven when submerged in water for a few 

days. 


In laboratory tests of plywood continuously soak('d in wat('1', • 
however, casein glue joints dropped in str('l1gth and ultimately failed 

completely. Casein glue (unpres('rved) pcrformed w('11 in all tests 

where protection from high humidity or dircct wetting WfiS atl'ol'd(ld. 

Under outdoor conditions, however, or where higb humiditics, eithl'I' 

continuous or int('l'mittC'nl, were involved, (,Ilsein glue joints fl1.il('(1. 

Casein glue containing prcsC'rvativ('. showC'd greater resistance to high 

humidities than unpresel'ved casein, but the Pl'{'s!'l'Ylltivc did not 

prevent destl'udion of the glue bonds und('l' dll.rnp conditions. Con­

sequently, casein glue is not eonsiden'd suitable (or laminatcd nwm­

bel'S intendNl fo\' l'xterior us!' 01' (01' interior usc wh(,I'(' t1w moistul'(' 

content of th(' wood may exceed about 20 prl'('('llt (01' l'rpeoted 01' 


prolonged pel'iods. 

Casein glue joints hav(' c\c'IUonstrnlNI good rcsiRtn,n('C' to dry henl. 


Results of test. (\XPOSUl'('s to t('mprl'l1tUl.·('t; us high as 1.380 F. fOl' rWI'ioch, 

up to 4 years have indielltc-d that Ole ghH' bonds al'l~ 1tboul us l'(,Ristllnl 

as the wood to this type of exposure. Tempcl'!l,lm'C's that ehur and 

burn wood will enusc d('('omposition of casrin glue, C'bal'n'd wood 


·exposed to firc, howcver, eonducts hent to its int('riol' VClT slowly, so 

that softening of eas<,in glue joints tnkes phw{' only next Lo the burning 


. wood. 

}.fechanicuI spren.del's are I'NIUil'ed fOl' best contl'Ol of the spread 


and uniformity of nppli<'ation of tas(·in glue, nJthough it cnn be SPl:f'I1([ 


on small nreas by bl'llSh QI' Hen'llLl'd paddlt'. 'rhe glul' HPI'('il.d ('ectlmed 
depends in pal't upon tiH' tyJ)l' of ('on!';Lruetion, sp('('i(\s of wood, and 
length of assembly ptlriod. A spread of 60 to 90 pounds of wet glue • 



i 
I 
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per 1,000 square feet of joint area is usually adequatf\ when 1 contact 
area of the joints is coated (single spreading), and of 75 to 110 pounds .. '.' ..~when both conta'ct areas t:re coated (double spreading). The maxi­ . 
mum permissible closed-assembly time for casein glue is usually about 
30 minutes at 700 F. ASl:>embly periods may vary some'wha,t, depend:.. 
ing mainly upon the temperature of the' room and wood, the moisture 
content of the wood, the remaining working Hfp of the glue, and 
whether spreading is single or double. Highet' temperatures, ex­
trenwly dry wood, and species of wood that readily absorb moisture 
will reduce assembly time. Lower temperatures, moisture conl:ent in 
the upper permissible l'I:UlgC (15 to 18 percent), doublt' spt'cading, and 
freshly mL'wd glue wi'll permit the longest; assembly periods, The ". 

glue must still wet thp '\'oocl and be sulIlcicntly plastic to flow freely 
whE'n the assembly is put under 111'(lclSUl'e. 

Casein glue will set at t0I11Iw,/'llres almost as low as the freezing
''..j point of ,vater; but to deYE'lop strong joints at such temperatures its 

sptting requil'0S a period that YHrips from sevel'al days to several 
\\'('eks, accol'ding to the spC'cies ghlC'c1 and tho 1l10istlll'e content of the 
wood. The wet, strength tll'yl'loPl't\ at low temperatures nmy never 
1)(' so good as that clC'Yelo[wd ni room lC·11lIwrntur('s. A pressing 
Iwl'iod of 4 hOlll'S at 700 F. is ('onsit\Plwl tilp minimnm for straight 
llwmlH'rs, and fOI' etll'y('d l1ll'mbl'l's a somewhat longl'r period is 
dpsil'll hlP. 

• 
Gluing pn'SSUI'l'S of 100 to 20D pounds P(,I' sq U:tl'C' incb 111'e satis­

('!Ictory 1'01' low-dt'nsity hardwoods and softwood speeies, such as 
J)ouglns-fil' nnd soutl!PI"II yt'liow pill!'. PI'PSSUl'C's of 150 to 250 pounds 
lU'(' l'P('oml11('n(\('d 1'01' S[)(,(,INi of hight'/' dpllsitirs. Glu!' lines produced 
with thes(' Pl'PSSUl'('S on w(·ll-s\ll't'u('(·d It'lmillations a 1'(' rplatively thin 
Ilnd strong. How('yPl', ",hpl! thin gl UP lint's of good stt't'llglh can be 
produ('('d unifol'mly with pn'S5l1l'(';; Iwlow thl' foregoing I'I1nges, such 
PI'(,SSlll'(' \\'ill be aUl'q lIntt'. Thick glut' Iin('s iudieflt(' low gluing 
prt'ssUl'(~ and usually aI'(' \\'('nk('I'. Afu,1' l'('/l1oval of P1'0SSUl'e, a con­
ditioning pt'l'iod of nbout a \\'(·(,k ttl 1'00111 temprratuI'e is required for 
dp"('lopmenL of maximum joint strength. 

C'n5l'in glue wHI pl'Oduc(' ndequnt.p honds \\'ith wood that has a 
moistul'l' ('ontel11 within llll' rn.nge of about 2 to 18 percput. A range '! 

of () to 12 PC'l'('('111 I bowen'I', is usually pr('f(')T0ci, because it approx­

, 	 imatt's the moisturc' con lent of the g/tH'd Illl'mber in sel'Yicc. It is 
,... 	 111so cil'sirable thn,\ nlllaminal iOlls fol' 011(' assembly be of approximn,tely 


t h(' same moislul'C' ('Oil tell t (nllowu bIt, <li(l'('1'('n('('s I)(·twl·('n bO!1l'cis up 

to :j pPl'ecntlige points) to n,yoid ulll'qunl shrinking 01' :>welling ttl'! the 

moistul.'('. (',ont('nl t'C[l1nliz('f', in sl·l'yicl'. 


CnsC'in g/rl(', in ~(\ll('/'nl, hns n storngt' lifc' of 11 yc'nl' 01' morC' when kept, 
dey, Its working lift' Ynri(,H with lIlt' dill'('J'('l1t formulations, but is 
II:HIIlUy at ]('fI::;l· i) hours nl 700 to 750 F. 

To nssul'l' high qualIty, (,Ils('in glu{' should nll'('l thc' l'eql1it'l'lllcnts of 
of }<'('(\(,I'III Sppc'ilir'n tioll C -0 4iJG,5 and llloJd-I'C'sistallt ('asein glue 
Ritould PIIS;; tll(' JWrfOl'llltlLU'(' t(,sts of (Tnitt'd Htntes Ail~ FOI'c(' Rpeci­
ficution No, 14122,0 

60htainablc frolll. tho Superintendent of DOCIIIIH'lIts, (:o\·t'rIlmenL Printing 

• 
Office. 'Washington, D, C. 

5 Obtainable from the Air Materiel Command, r. S. Air Forco, Wright-Patter­
son Air Force Base, Dayton, Ohio. 
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UREA·FoH~[ALDEnYDE HESIN GLUES 

Urea resins Rre itvailablt> both as dry powders and in watec as solid 
suspensions that ordinarily form 60 to 70 percent of the mixture by 
weight. The' powder forms are prepal'ed for use by mixing with water 
to produ('o sllsp('flsions of approximatt'ly th('se' conce'ntratiol1s. The 
powderNl ghll's usually contain SOI11C fill Cl' , for whieh walnut-shell 
-flow' nnd wood flollr al'C most commonly USN], and mixing directions 
for thl' liquid ghH's norml1l1y call for the addition of some filler to im­
prove thriJ' working proprJ"\irs. For {'ertnin types of plywood, urea 
resins arl' l'xtl'nc1l'd with ryt' or wheat floUl', primarily to lower ('ost, 
but the l'l'sistnll(,p of tll(' glue to water n.nello flt In.c·k by mirro-organisms 
is thl'rehy J'l'c\UC'Nl. Although high joint stn'ngth" ('ftn bp obtained in 
hot-press plywood with extl'nd(\d 1lI'l'as, tl1(' Y!Ilut' of extended glues 
for ImninnJing lurnbel' hai'; not, lW('tl pstnhlisl\(\d, 

Somp urea:rl'sin glut's nl'(' fOl'lnuln.tl'c\ to Sl't nt room !empl'l'Uture, 
with u, rutnlyst (Ronwtiml's Ctl11('(1 htLl'Cknel') pitlwl' in(,OI'porntecl with 
tht' resin powdC'l' or addC'd during mixing. Othu' fOl'mulations serye 
either fOl' 1'00m-tC'mp('I'ntnJ'('-s('tling 01' hot-setting opel·ntion. dt'p('nd­
iug upon the flt110unt and typ~ of catalyst. In gel1('rul, powdel'pel 
urt'a-l'Psin gitH'S ,\-ith n, sl'pnl'ntt' {'ntnlyst hayp longC'1' storngl' liv('s than 
do the liquid l"('sins 01' tht, pOWdel'Nl men, I'esiui'; in which C'atn.lysts are 
incorporated, Th(' storngl' lif(' of powdnl'ed Ul'-.'a I't'sins with n. cata­
lyst iTl('ol'pomt('<i is usunlIy not ll'nst I yl'tll' when k('pL dry i.n 
closNl ('ontnin(,l';; at 1'00m lpI11]wralul'l'. Thos(' hn,Ying a spparnte 
catn.iyst gPlwl'ally nrC' usnblt, SOInC'wiutl iong('l'. The stOI'ng" lifl~ of 
liquid UI'('ll I"('sins is usually f"["om 2 to a months at 70° to 75° F, 

All un'a-r('sin gltws nrp tleid in l"l'ndion, nnd (h(' I'oolll-ll'mpet'n.tul"e­
setting gl'u('s nl'(, mol'(, stl'on~dy acid than thl' hol-sdting glues. Cur­
rent spe(,7d"ientions limit tIl(' neidity of thl's(' glut'S. Since hot-Hetting 
glues hayl' fotmd link npplirution iniaminnting luml)('l' fOl' slrurLurnl 
use, the discussion in thl' thr('(' following parngl'nphs is mninly' con­
fined to roOO1-l('01 p('l'n tm'('-st,t ling W·('H. resins, fwd thr statements do 
not llr('essnril.y apply to hot-sdting lIt'('us, 

Ur('(t-}'('sin g-lu(' joints in most woods flI'(' highly water-resistant itt 
orclimB-Y teIl1IWl'Htu{'es. 'f('~t~ on hir'dl p]v\\'ood have sho\\~n tlHl.t 
glue' joints of this type ['Ptain L'Pt1solltlb]y good slt'(>ng-th ynlues nftel' 
sev('l'I11 Y('IH'S or conlin 1I0US sonking in {'old wn [('I'. 'rhese glues, how­
('1'('1', !l!'(' low in <1urIlbility llnd<'l" conditions involYing high [emp('m­
tures, nnd ('sfwcinlly combinatiOlls of high tpmppl'Iltul't's and hilgh 
relntiyl.' humidi[it,s. E:xpmHII'('S of birch pl,ywood hayp shown tbat 
limHNI wmk('ning of 1I1'!'u-n'sin gILl(' joints ore'IlI's und(,!' dry <'onditions 
fit 80° F. find mOl'!, mpid w('nlwlling" nl lliO°, :md lllll!' Ihf' I'l1Ie of 
strength lo~s iR 11('(,p]Pt'ntt'd ill high 1'('lnlh-'p humidili('s, Dl'lliminnt.ioll 
llsuflJly OC'('111"5 I'll pi(\ly j)) boiJing WJliPJ"j find whpl1 l'xpoRl'd to fin" 
urefl-J't'sin~bOJld('d joints dPlllmillnfL' ns high {.(IIl1IWl.'illuJ'N; ('hal' the 
aujac('nt wood. 

Althongh highly l"('sistllut to ('ontlllUOl!S sonking whpl) lIs('d to glue 
yellow bin'h in illl' forlll of Y('n('('I', ro01l1-tpIl11)l'rtllul"P-sptting urea 
resins haye p(,l·form(·d uJlsntisfadorily in Illhomlol'Y watpr-oxposUl'c 
tests whl'l1 us(,d to glut' ('('rtnin o tl1 l'1.' woods, in<'luding while Oi1k and 
Douglns-(]l'in tIlP r01'll1 of IWIIY)' Illminn.tions. 'L'h('s(' results arc ('Otl­
.firmed by l'l'pol'ts of pnrtiltl (\pinminntion of t'xp('rinH'lItnl whit(' oak 
laminated ship k(\(\18 within n monlhs wil('n expost,d to ~mlt wnler. 

• 


• 


• 
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Laminated red oak truck sills, gluC'd with urea resins and exposed to 
the ,Yeather, also developed considerable ddamillntion during a period 
of 12 months, 

In low-density species, well-made urea-rpsin glue. joints can be 
expectt'd t·o give good pt'rformance for many years under normnl 
humidity and temperaturl' condit.ions, In onc l'xposnre test, urea glut' 
joints in lnminated Douglas-fir and southem yellow pine beams 
exposl'd undCl' a roof in 1111 op(.'n sll('d ill "~is('.onsin, showed high joint 
strl'ngth and high wood failurC's aft·er 8 yenrs, 

Some mea-resin glu('s lu\,Y(' h('{'ll fOl'mnlatNl pl'irnarily to improve 
the r('sistnnc(' of glU(' joints to high t('mp('rntlll'('s or to a combination 
of high tempCl'aLlu'('s and moistmc, Thcs(' ghl(,5 ma.y he ('ombinations 
of U1'('a r('sin with llwlu,mine resin Or 1'C'sor{'illol and nl'(' refCL'l'('(1 Lo ns 
"fortified" or "modifipd." Thcs(' s[J('('ial lll'('u.-t'('sin glu('s appeal' to 
be somewhnt mor(' rpsistunt to dl't('riomtio/l nt high tl'mpemtlll'('s 
than pi th(,l' the 1'oom-t(,\11 p('t'n tut'('-S(,It ing or hot-selting ur('a resins, 
and exposUl'(' tests hlWt' inciicntNJ Lhn.t they o(l'pr SOI11(> impl'OYcment 
in their resistnn(w to high. humidl:}Y, 

The wod;:ing life of the mix('d gill<' depends upon the temperature 
of thp glu(' find ,-nrips with tiJ(' diffpl'('nt fOI nlulrttions, but it is usually 
within tll(> nlngc of 2 Lo G hours at. ordinary room tpmpc'rntul'Cs, To 
inm'C'n.sC' the' working life' of tlIPSC' glL\('s during hoL wpatlH'r, the glue 
('ontainer mny bC' ke'pt in ('old wfllpL' to maintain the tempern.t.ure of 
the glue nt ahout 70° F. 

• 
Th(' CJ,unntity of glw' \'(~quil,t'd may Vflt'Y'. sOI11('\\-h::t, dC'pcnding on 

the SPN'IPS glu('(l and t11(' type of C'onstrunt 1011, hu tIt should usually 
IH' within I he' range of 4:3 to 5ij pounds 1)('1' 1,000 sq unn' fC'('t. of joint 
area. Rubb('\'-l'Oli sprC'adpl's are thp most sn (isfuctOl',Y means for 
applying 	 thC' gluf'. 1'11(' m!lximUIll per·lllissihl(' assC'mhly t.ime is 
usually about 20 mil1utps at 70° F" but this will \'Ill'}' aceording to the 
tf:'IllPf:'l'tLtUl'P of thp room nnd wood. 1.11(' 11I0isturp ('onl('nt of the wood, 
and flip l'('l\1aining working life of til(' gl UP. 'Yh('\l lUll! bpI' is laminated 
with urea resin, h('st l'(':mlts arp ohtnilH'd wiLh til(' wood fit a moistme 
('onlpnl bC't\\'('('ll ~ {Lnt! 12 pt'reenf., but strollg bonds ean b(' obtaiupd 
h!'l\\'PPIl 7 and. ] Ii lwn~('nt. Urpl\, glue's oft ('11 1)('11uvp unsntisfactorily 
Oil wood that is bdow (j IW\'('(,ll~ ill 11l0istuJ'{' ('ont('nL. Pressure 
requil'('mpnts nrc in ~l'ncnLI the SI111)C as for ('nspin ~lnps, with IOO,to 
200 pounds T)('1' SqUILI'(' inch t'cCOmm('IHl{'(/ fot' most sofLwood speCles 
and J50 Lo 250 pOllnds fol' llllrdwood 81)('('il's, 

Un'a-l'('sin glues fOl'IillllnJpd for itot.-p\"('s::;ing gPL1('I'nlly SPt. nL Lem­
p('raltH'(,'s within tlw mngl' of 220° to 2HOo F. 'rhc I'ate of srUing of 
Ul'l'a I'psins thILl (,lll'(' at room tpmpe\'H,tlll'('S is t'Pflsonnbly rapid u.t a 
('mpet'n,tu!'e oC 75° (1,). At this 1,(>1111wl'n.(\lI'(', till' pl't'ssllrt' cILn usually 

.~ 

be rcmon'd nfter' '1 bours when gluing thin stmight pi('(~es. nnd after 
5 to 8 hour's WI1<'1l gluing IWHsy Ol' ('ul'wd pi('eps, .\t. highel' tem­
pcraLuJ'('s, t.JI(' s('Uing is llppl'l'cinhly Iw(:pl('l·ittc'(] i at low('I' l.empem­
tllL'('S, ttl(' sl'tting is t:('tnl'C/('d, nlld tll('I'(' ~" lillh' or no dpvt'lopmcnt, of 
water \'('siSl,IUl<'t'. ConsNllwnfly, spt.t;in~ lellllWl'utllJ'PS bplow 70° are 
not l'PcommCI1(kd fot' uL'('n-I'('sin glut's. 

Ali room t.emperatuL'l's, IL (:ondiJioning prriod of I. w(l('k is llsunlly 
l'cquirrd fOl' dl'\'('/opnwnl of mnximll.m joint stL'('ngth and, pttdieularly, 
of mnximulll weL Rll'rngth, 

Ti'C'drl'nI RpP0ifien.{.ion (' G-411G s('ls forth t'Pquin'JIl('nls for high­
qlIa~ity urea-resin glues, 

http:inm'C'n.sC


c 

c 	 " 

c'TECHNrCALBULLETrn 1069, U. S. DEPT, OF AGRICULTURE 

PHENOL-FoRl\fALDEHYDE RESIN GLUES 

The phenol-formaldehyde glues may be classified, on the basis of 
Bett:ng-temperature requirements, as hot-setting and intermediate:" • 
tCplpel'ature-setting glues. Phenol-resin glues are formed by the 
l'eaction of phenol or cresol with formaldehyde. For the production 
of v~roodworking g~ues, the reaction i~ stopped at an int;ermedi~te stage, 
Bnd the product IS then marketed lU the forms of a HIm wlth paper 
base, a dry powder, or a suspension of resin in water-alcohol mixtures 
or other solvents. After the resin in either film or liquid form has 
been applied to the surfaces to be glued, the setting reaction is 
completed by the application of llCat. 
. As a class, phenol-resin glue joints are extremely durable OVer a ..I 
wide range of moisture and tempeL'ature conditions. They are not 

. 	attacked by micro-organisms and are highly durable under such 
adverse conditions as continuous soaldng in fresh or salt water, con­
tinuous exposure at high humidity, cyclic exposures invoJyjng wetting 
and drying, and e}.-posurc to high temperature at low and at high 
humiditiell. In exposUl'es to fin', phenol-resin glue bonds are fully as 
resistant to charring and deterioration as the wood. The glues do 
not afford an apprc('iablc protection to the adjacent wood, however, 
and for this reason wood products ~lued with phenol resins should be 
considered no more fire-, decay-, or msect-resistant than unglued wood 
of the same species. Thoroughly cUTed phenol-resin glue joints also 
are hi~hly resistant to the action of various soJ\T('nts, oils, wood pre­
servatIVes, and fire-retardant chemicals. In general, hot-press phenol­
resin glue joints properly glued and cured are as durable as the wood. 

lIOT-SETTING AND ACID-CATALYZED PHENOL-RESIN GLUES • 

Most hot-setting phenol-resin glues are alkaline in reaction and 

are available iri filn:i, powder, or liquid forms. When the glue is spread 

as a liquid! pressing may be done immediately, or, in some cases, 

delayed several days. Platen temperatures for gluing with hot-set­

ting phElllol-rer.in glues of either film or liquid form in the usual hot­

press operation are normally from 2400 to 3200 F. Due to the high­

curing-temperature rcquiTement, these glues are not well adapted for 

laminating lumber. They have been used, however, for nearly 15 

years in this country for producing highly water-resistant (exterior­

type) hot pressed plyw·ood, and the excellent performance of such 

glue joints under e:q)osures involving moisture and heat indicates 

what may lJe expect('d of phenolic-type glues. 


Some phenol-resin glues have been formulated to set at interme­
diate to low tempemtures by nse of acid catalysts. Their use, how­
ever, has not heen nearly so extensive as the hot-press phenols. ~ 

Weathering tests and cyclic sOltking-drying tests 011 white oak 
glued with highly acid intermediate-tempeL'ature-setting phenols, 
cured at elevated temperatures, indicate that the glua damages the 
wood adjacent to the gluo lines, causing reduced strength and shallow 
wood failures. Acid damage has MSO been observed in yellow birch 
plywood I1nd hard maplo block joints. Recentty, acid-catalyzed 
phenols have beon offered that are supposed to be an improvement 
over older formull1tions of these glues, but not much information is 
available on their durn,bility. Highly alkaline phenol-resin glues have 
not been offered for lamiUttting purposes. • 

http:phElllol-rer.in
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INTER?tIEDIATE-TEjUPERATURE-SETTING PlIENOI.-nESORCINOL RESIN GLUES 

Several phenol-resorcinol resin combinations set at substantil\liy 
lower temperatures than tllOse required for hot-setting phenols. The:'!e 
glues are generally made by combining resorcinol resin with phenol 
resin in various proportions and are marketed in liquid form, usually 
with a sepal'!lte hardener that is mL.'\ed with the resin prior to use. 
A filler, commonly walnut-slwll flom, OlU'll is added \\Tith the hard­
ener. Most of these modified glues ar(> ll(>arly l1<.'l1tmJ ot· slightly 
alkaline in reaction. They cure at lempC'l"lttures of about 80° to 
200° F., depending on the pa!timrlar fonllulation, the time a11owe(1 .; 

for setting, the spl'ciC's of wood ~.ll1ed, and tlw type of constl"Uction. J 

The durability of wPll-nUtde phenol-resor(,inol resin glue joints, 
based on 8 years of experience, appears to be ess('ntially equal to that 
of hot-prpss phenol-rC'sin ghl(' join ts. 

Glues of the phenol-rt'sorcinol comhination type have a rela.tively 
short storage life, often only 2 to 6 mon tils, b11 t somC'times tlS much 
as a yc'ar, at ordinary room templ'mturr, (iPprn<iing on tlwir specific 
formula,tion, but ('old stol·age (:iO a to 50° F.) prolongs tllt'ir useful 
life. They should be' kept in airtight containers to avoid loss of sol­
vent. 

• 

The usunl working life or tlH'se glues is between 2 and 8 hours at 
75° F. :\Jaximum llssl'mLly prriods ,-aI'Y cOllsidl'l"I1bly among them, 
but 1 to 2 hours of clos('d nss('mblv at 75° F. is usual. The amount 
of glue sp1"('a<1 l"l.'quirl.'d drpends (in the speci('s of ,vooel used and the 
type of construction. 'Yhell laminating hea\'Y mC'mb('l's of dense, 
porous woods, such as oak, spt·eads of about no pounds per 1,000 
sqwu·e fC'('t of glue-joint area are usually sntisfaetory. With lower­
density sp('cies, such as Douglas-fir, a g111C' spr('ad of 40 to 50 pounds 
is usually adequate. TIl(' 11S(, of l'uhbl'r-roll spl"pade1·s is recom­
mended. 'ChrsC' glues satisfactorily hond wood nt. moistUl·c content' 
values ranging from 6 to 17 percent, nne[ the prdl'r·able moisture 
content within this l'nngl' would be dett'l"minecl hy tlt(' service condi­
tions to which the laminated m('mbcr would bt' exposed. 

The curing requirements for t1u'se gluC's vnry with the species of 
wood used, the tYP(l of material glued, and tbe service conditions to 
which the product may be ('xposed. Fot· slich SC\T('re uses as ship 
timbers, a curing per'jod of 11S mudl as 10 hour·s M a trmperatul"e as 
high. as 190° F. at the ilUl(,L"lllost glue line is sometimes nee(>ssal"y for 
white Qak; and a 20-hour period at 110° for southern ydleJ\\T pine and 
a 20-hour pC'riod at 80° for· Douglas-fir· ar't' lL<ic1qlJf1,t(1 \\"itl] some of these 
glues. A sOllwwhat highet· tt'mpPL·illlU"l' Ot· longcr" curing time mtty be 
necessary fOt" curved lllNl1bC'l"s of southern yello\\' pille' nnd Douglas-fir, 
and in no case should the clamps be t·emovPll until Lhe glue squeeze-out 
is set hare1. Gluing pt"l'ssUt"e of 100 to 200 pounds pet" square inch is 
adcqun.te for low-density illll"(iwoods and most soft.wood species. 
When gluing dense woods, prcssure,; of 150 to 250 pounds are generally 
recommended. 

If high temperatures, such as 190° F. or greater, are used in curing, 
conditioning after removal of pressure need not extencl bl'yoml com­
plete cooling of the mr,mhers. '~Then tem[)(,l'I1tul·es only slightly

• above room tempCt'atun' aI"(' uscd, conditioning for approximn.tely 1 
week is recommended!. 

http:adcqun.te
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Military Specification MIL-A-397 sets forth requirements for high­
quality intetmediate-tempel'ature-setting phenol and phenol-resol'­
cinol resin glues. . 

RESORCINOL.FORlIIALDEHY1)E RESIN GLUES 

Resorcinol-formalclel1ycle resin glues have a combination of the 
moderate-temperature curing requiremenLs of the urea resins and the 
higb-quaHty and dmability characteristics of the phenoll·esins. These 
resins are pt'oducrcl by the reaction of resorcinol with formaldehyde 
and are mnl"kctcd as liquids consisting of partly polymerized resin in a 
water-alcohol solution. The solids content of the solution is usually 
about GO percent by wright. The glue is clark red and makes dark 
joints w~len Ret. A hardrllel', usunl1y paraJol'maldrhyde but some­
times formalin, and u. filler, commonly wulnllt-shell flour, are mi.xed 
with the ref,in prior to usc. In most cases, a mi.xture of hardener and 
filler is furnished by the manufacturer. Both resin and hardener may 
be stored for a .vent" or more at ordinary room tcmp('l'atures when kept 
in airtight rOlltainers. 

The resorcinol glut'S arc of rather recent deydopment, and extended 
service records on tlwir performance are not availnbk. However, test 
data covcring a pl'riod of about 8 years for some of them indicate that, 
when prop('rly cnl"('d, they ('OmpfU'p favorably with phenols in resist­
allce to moisture, high temperatures, chemicals, and micro-organisms. 

Like the intrrmrdinte-t('ll1 pern t me-setting plwnol-resorcinols, these 
glues produrp a satisfactory bond on wood at It moisture content 
ranging from 6 to 17 peJT(\J)t, but the preferable moistlU'e content 
within this range is tha.t expected for the In.millated member under the 
service conditions to which it will be exposed. 

The working life of resorcinol adhesives val'ies for the different 
'glues, but is usually from 2 to 5 hoUl's at 70° to 75° F. and is con­
siderahly l'Nluced as the temperatun' increases, Assembly periods 
also vary fot' the difrerent glues, according to the tempemture and to 
the type of nssembly, whether opell or dosed, At 75°, with the glue 
applied to both sllrfftCCS to be join('cl, open-assembly periods of 15 to 
30 minutes or doc;cd-assembly pet'iods of 1 to 2 hoUt's are usually 
permissible. '\11cn only 1 joining surface is spread with glue, tilt' 
permissible ass('mbly periods l11"e considerably I.'educed, and approxi­
mately 15 minntps ill open asst'mbly or about 50 minutes in closed 
assembly is satisfactory with some glues; but with certain resOl'cinol 
glues the maximum pet'missibll' open-llss('mbly period mn,y be as short. 
us 12 minult's. Very short dosl'd-nssembly periods, less than 10 
minu(ies, often are not so sntiflfaeLOl'y as som('what longer ones; [tno 
for very exacting uses, such as laminating onk ship frames and .keels, 
maul1factul'('rs often recommend a. minimum of 10 to 25 minutes. 
Glue spn'acid and Pl'<'SSUt'(' l'equin'tnl'nts are similar to those recom­
mended for jntt'rml·diate-i.('mprrn.turl'-setLing phenol-rl'soreinol resin 
gh~es, although somt'wl)at hight'l' Spt'Ntds n.nd low('l' pr<,ss\.ll'es o,re some­
times recommended by the mn.nufneturl'rs. 

Resorejnol glues [11'(' vrl'y nea,dy nl'utrul in ]"l'ilc,tion. They will 
cure at temprruLufN, of 70° to 8U~, l1'.; and wlwn used wjth soft­
textured ·woods, temIWt'iltU1't'S as low as 40° de'v('lop joint strengths 
equal to the strength of the wood when relatively long pressing periods 
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(several days to several weeks) arensccL TempE'ratures h.igher t11an 
room temperatures are recommended, however, when gluing heavy 
laminated members of such dense sp('cies as white oak for use under. 
severe exposures. Tests on laminated 1l1cmbers for ship timbers and 
other exterior uses show that, for several of the resorcinol glues! 
curing for as long itS 10 hours at a glue-line temperature of 140° with 
white oak and 10 hours at 80° with southern yellow pine and DOlJglas­
fir, with at least 1 week of additional conditioning, pl'oduces glue 
joints that are higbly resistant to delamination under severe exposure 
conditions. 

In light constl'1le; ions intended for less sey'ere exposures wher'e a 
curing temperature of 75° F. would be adequat.e, pressure should be 
maintained for 4 to 8 hours. The full joint strength is not, howf'ver$ 
developed in this period, and a conditioning pHiod of 3 to 6 days 
should be allowed before the joints are highly stressed. 

JV1ilitary Specification l\IlL-A-397 sets forth the requirements for 
high-quality resorcinol-resin glues. 

MELA;\UNE-FoR.l\L\Lr)EIIYDE RE:,n~ GLUES 

:Melamine-formaldehycle resin glues am pl'odncrd by the reaction 
of melamine and formaldohyde and are available pither us hot-setting 
or intermediate-temperature-setting t.'lpes. Most of :,he melamine­
resin glues are marketed as powders and arc pr'epal'ed fo" use by mixing 
with water. Sometimes a hardener and a filler, lIslla.Ily wnlnut-shell 
flour, are added. The melamine resins ftre almost w'hite~ but the addi­
tion of filler usually gives them some rolor. Concentrations of the 
glue mixtures when ready for use are genera1ly within the range of 
60 to 70 percent of solids by weight, or about the same as for most 
other resin glues when ready for spreading. 

The melamine-resin glues are of relatively recent development, 
but test data accumulated over th<dast 8 years indicate that the dura­
bility of their joints, when set at abouli 190° F., is similar to that of 
joints made with phenolic resins. Well-made melamine glue joints 
show excellent resistance to micl'o-ol'ganisms, weathering, high tem­
peratures, high relative humidities, continuous soaking, cyclic soaking 
and drying, and to oils and most chemieals, including wood preserva­
tives and fire retardants. Some intermediate-temperature-setting 
melamine resins have' been formulatod recently to set at lower tem­
pera.tures by the use of acid catalysts. Test data show tha,t the 
durability of these resins is somewhat inferior to that of melamine 
resins requiring highet' curing i;empemtures. 

With some exceptions, Lite usp characteristics.of melamine glues are 
similar to those of the phenol gluos. When kept in dosed containers. 
under dry and cool conditions, the melamines usually have .a storage 
life of 6 months to a year or more. The working life of these adhesives 
ranges from 2 to 36 hours at ordinary room tempemtures, depending 
on the catalyst used with them, The moisture content of wood 
appears to be somewhat more critical with melamine than with 
phenolic-type glues, but satisfactory results are usually obtained' 
within the range of 7 to 15 percent. ::\trost, of the melamine glues are 
not critical with respect to assembly periods, but where curved mEl'Ill: 
bel'S are glued, clamping musL be completed before· the glue becomes 
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too tacky to permit free slippage of the laminations. Glue-spread 
ail.d pressure requirements are similar to those for phenol- and resorci­
nol-resin glues. 

The melamine glues cure at about the same temperatures as the 
intermediate-temperature-setting phenol-resoreinols, although when 
used with softwoods, such as Douglas-fir and southern yellow pine, 
somewhat higher temperatures may be required for the melamincs. 
To laminate white oak for exterior service with certain melamine 
resins, a cure of 10 honrs at 190° F. has been found adequate. With 
southern yellow pine and Douglas-fir, a temperature of 140° for 10 
hours is satisfactory. 

Most melamine glues are difficult to remove from gluing equipment 
if water alone is used for cleaning. Cleaning of mixers and spreaders 
is readily facilitated, however, by use of dilute acetic: acid. Soapsuds 
or 30-percent caleium chloride solution have also been recommended. 

MilitalY Specification MIL-A-397 sets forth the requirements for 
high-quality melamine-resin glues. 

SELECTION OF GLUES FOR lAMINATING 

The properties and use characteristics of various types of glue dis­
cussed in the preceding pages should serve as a guide to the user in 
his choice of adhesive for specific purposes. For convenient reference, 
the general usc characteristics of the different types of glues are sum­
marized in table 1. Certain types of glues may be used under any 
exposure for ,v-hich wood is a suitable material, while other types are 
adequate only under limited exposure or where protection from the 
elements is provided. 

}i'or laminated members 'that are protected from appreciable 
amounts of moisture and high relat,ive humidit,y, casein 01' urea-resin 
glues might serve well. If the joints never become wet, ~he casein glue 
may prove to be more durable than the urea. Urea resms should not 
be used if exposures to temperatures appreciably higher than room 
temperatures are expected. As pr.wiously indicated, their long-time 
durability at ordinary temperatures and relat;ive humidities has not 
been fully established-a fact that makes their suitability for perma­
nent structures somewhat uncertain, especially if used with dense 
hardwoods. Where atmospheric conditions aee snch that the moisture 
content of the wood exceeds 20 percent, neither casein nor urea-resin 
glue is recommen.ded. 

Fot cont,inllons immeJ'sion in watcr 01' intermittent wetting and 
(hying, as outdoors or in buidillgs whel'c high humidit,ies are en­
countered for a considerable time, highly water-resistant resin ad­

,hesives, such as phenol-resorcinol, resorcinol, or melamine glues, 
should be used. Within this group, choice will depend on the type 
most readily available, storage life required, curing facilities, conven­
ience of use, and cost. 

Intermediate-temperatme-setting phenol-resorcinols have a rela­
tively: short storage life at ol'dinalY room temperatures and require 
conslderable hoat for curing. The l'esol'cinols have long storage life 
and for mahy purposes, cure adequately at 70° to 80° F. 'rhe cost 
of the resorcinol glues is at prcsent considerably higher than that, of 

. the phenol-l'csOl:cinols. The melamincs have a reasonably long SLOr­
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TABLE I.-Approxim.ate -usc chni'ncterislics oj lamin(Lting glues 1 

I I Maximum PCI'- I Settillg characteristics
I i miRsil)lc assembly C d' 

Storage life WOrkingl time at. 70° F. l\IOisturel , .011. 1-	 Intel'-
ExpoS\lrt' and gluC' type at 80° }l'. 	 life at _ content tlO~llnl:\ Room mediate 

70° to I of wood ,.enod Cold 3 tempera- tempera­
75° F. t ture tureOpen 1 ('Iosed j 

1--1 	 ,,----1---1----1----1--­----------------1------ ;1:H1l utes! JJillliles i 
Normal interior: 	 Months IJours P('/'('('1I1 D(/ysCasein ____________ . _0 12 _______ . 	 yes______ Yes______ •• ' • __ _ 5 2-·18 ,5-7 	 Yes.15 I' 30 	 No ______ yes _____Urea, powdered, with catalyst. __ .. 12,._ .. ___ _ 2-(; 10 20 7-15 5--7 Yes. o 

"jInterior and exterior: 
No ______ 

I,ntcrmed,iate-tempernture-settillg I' 
2 to H_.. __ _ 2-8 30-60 I 6(H2() (l-17 1-7 N o 4 ____ • Yes. o 

phenol-resorcinol.HesorcinoL ____________________ _ 	 No 4 _____ yes______12 or morc __ 2-5 ! ]5-90; 50-150 ; 6-17 1-7 	 Yes. ~ No ______ No ______6 to UL __ _ ti 

I .._ 
i\Ielamine 5___ - .-- - -- ---- -- - -- --I 2-3(l j 30-{\O I(lO-120 ' 7-15 1-7 	 Yes. 

-- .. --.---~-. ~... ..,..--"<-- --.----..-.-..~----	 ..--- ,---- -,,--
I Laminating preSSUl"eS of 100-250 p. s. i. J Cold: below norlllal workroolll temperatures. Room tempera­
2 Where glue is completely cured by heat befo!"\) pressure i:; I"C­ ture: 65 0 to 800 F. Intermediate temperature: 800 to 2,10 0 

• 
~ 

moved, cooling to room tcmpcrature is sumcient; where 1\0 ht'at }S ~ gxcept with some lo\\'-dcnsit~r spcchs. ~ >applied, a 5- to 7-r1ny conditioning p<Jrioc\ is desirable. " Jnclucle$ g-Iues hoth wit:h Hnd ""it'hout ::;cpl1rttte cutHl.\"ilt. Pl,"" ti, 
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age life and l:equire about the same cure as some of the phenol­
resorcinols, but they are not so convenient to use as res0r'cinols 01· some 
phenol-resorcinols because cleaning of gluing equipment is more 
difficult. 

SELECTION AND PREPARATION OF LUMBER FOR 
LAl\[l~ATIXG 

Lumher used in rabri('alill~ [\. lnmillutC'd m(\mbC'l" must he properly 
selected nnd udeq uately prcp!u·pd for g-luing. It is C'sspntial to give 
attention to the intl'nded use of the laminated product, th(\ strength, 
durability, and gluing propel'til's of the species, the dryness of the 
wood, and the q lialit;y of the machined SUl'flll'eS to be glued. It is also 
necessary to consider defeC'ts that may impair the quii.lity of the bond, 
interfere with bending laminations to till' dpsllwl sha.pe, or otherwise 
reducetbe sC'l"\'iceahility of thefinishC'd product. Sometimes it is 
necessary also to consider the appearance of the finished member 
when selecting the lumber. 

SPECIES AND QUALITY 

The duahility of yarious spC'ci('s of wood under filvora.ble gluing 
conditions is shown in figure l:~ (8,27). Block-sht'aT test values show 
that gluC' joints of high strength, compara.ble to the shear strength of 
the wood, can 1)(' produced in most commC'l'cial species of wood with 
casein and synth(·tic-resin glues. ""Vooel-failure Yaitles of approxi­
mately 100 percent can bc obtaillNl with most softwoods. Casein glue 
bonds fail to deyelop high wood-failure values on dense,.strong hard­
wood speC'ies, whilC' synthetic 1'(,6i11S generally sho\,' moderately high 
values for these speeies. Glues, however, arC' gC'IlNnlly chosen on the 
basis of their durability undC'r sC'ITic:e conditions. 

Softwood speeies, pr:irwipl111y sout/]('l'n yellow pine and Douglas-fir, 
have been used largely in the lillninating of memb~rs such as arches, 
beams, and chords for trusses, lwca.usc of the more favorable cost and 
availability of thC' lumber and the ability of these species to meet 
strength requil"ements. BOltt. timl)('rs, on the othC'r hanel, are often 
made of white oak l)('eullsc it is durable under wet exposures. Other 
species can also be us('d when their mechanical and physical properties 
are suited to the purpose. 

Severely curved parts of high-strength laminated members gen­
erally require clear and straight-grained wood, free of stu'able defects, 
in order that the laminations may be. bC'nt to the drsirC'c\ curvature 
without breaking. Dcfl'<:ts such as larg0 holes, knots, and decay re­
duce the effectivo glue-joint area. SUrfll("C'S rontaining pitch, cross 
grain, and knots do not ghH' so wC'll as clear wood. Such material 
must be limited in accordance \dth ate stnmgt.h requirements of the 
product. 

Sapwood is a~ durn.ble as heartwood uncl('l' rontiuuoHsly dry condi­
tions. However, under conditions den·loping more than 20-pcrccnt 
moisture content, sapwood of even the durable spC'cies is readily sus­
ceptible to attack by wood-dC'stl'Oying fungi and often by insects. On 
the othet' IJll.tld, sapwood of most species used in laminating takes 
preservatiYe treatment readily. 

• 


• 


• 




FABRICATION OF GLUED LAMINATED WOOD 29' 
SPECIES CASEIN GLUE 

SPRUCE, SITKA___ 

MAHOGANY_______ 

OOUGLAS -FlR__ _- I 
PINE, SO. YEllOW__ 

ASH. WHITE-____ 

BIRCH. YELLOW__ -
OAI<, BEO ______ _ 

-
OAK, WHITE _____ 

MAPLE, SUGAR ___ 
IHICKORY________ 

I 

ROOM - TEMPERATURE - SETTiNG UREA - RESIN GLUE 

SPRUCE. SITKA ___ 

---. • 

I I 

••;~;~:~~~I~1 
I I 

MAHOGANY_______ I-."'.j11I1lii~....1 
I I I 

OOUGLAS -FIR ___~."."."."'••I I 
PINE. SO. YELLOW __jII......,...... 

I I 
ASH. WHITE ______ 1-............. 


I I I 
BIRCH, YELLOW____ ~............. 


I I I 
OAK, REO ________ ta......- ... 

I ! I I 

OAI<. WHITE _____jII....!III....... 
r.APLE, SUGAR ----jIII.Ia.......~ I 


HiCKORY --------- JIB........... 
I 

i 

I 


INTERMEDIATE -TEMPERATURE-SETTING PHENOL-RESIN GLUE 
I I 

SPRUCE, SITKA 
I I I I

MAHOGANY ______- I 1 1 
DOUGLAS - FIR __ 

I I I I I I 
PINE. SO. YE~OIV_- I 
 I I I 
ASH, WHITE ___ 

-~1 ! I I J 
BIRCH, YELLOW __ _ -
OAK, RED _____---

I I I I I I 

OAK. W~ilTE ____ _ 
I I I I I 

I I I I I 
MAPLE,SUGAR•••_ 

HICKORy _______ _. 
I I I 

.---,_-.,._-.-_-r",RE:::S=;ORCINOL RESIN GLUE 

SPRUCE.SITKA..__.)II..........~ 


MAHOGAIIY· _____ I·~·~·~·~· 
DOUGLAS 'FIR___._/II.jII_jII.,..,.• 
ASH, WHITE.___._

• PINE. SO. YElLOW"'!~~~~~~~J 
BIRCH, YELlOW ____ 

I
OAK, REO_.______ 

I 
M: 'LE, SUGAR .---

HICKORY___.....-_ 

OAK, WHI1E-.----I;;;~;;:j~J 
I 

~ 40~ W ~ ~ 0 

1'1000 FAILURE (PERCENT) SHEAR STRENr.TH (LB. PER SO. IN.! 

FIGURE l3,-Results of joint-strength tests for various "'q,ods glued with casein, 
llrea resin, resorcinul resin, and intermediate-temperature' phenol-resorcinol 
resin glues.... 
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SEASON[NG AND l\'lOISTlJItE CONTENT OF LUMBER 

The moist,ure content of lumber at the time of ,gluing is of greut 
importance in tlt(', fll>brication of laminated products. The desirable 
moisture contcnt.. in the lmubel' is tba.t whk]l will produce strong glue 
joints and, as nen:rly as praeticable, aPPl'oximate the Ilverage moisture 
content the laminnted product will attain in service. All the lnmi­
nating glues described in this report will produce strong bonds when 
the wood has a moisture content between 7 and 15 percent, and a few 
bond satisfaetorily even when the moisture con ten t is sligh tIy Ilbove'­
or below this range. Serious changes in moi.sture content after gluing 
,vill result in shrinking or swelling of the wood, and stresses may 
develop in both glue joint and wood that will cause checking in the 
wood or nlong the glue line. 

In geneml, it is desimble to produce the laminatcd member at a 
slightly lower moisture content than that expected in servic.e, and 
thereby avoid not only Slll'fM(' drying in usc but a serious change in . 
the entire member. Wood USN! in the interior of dry, heated build­
ings throughout the United Stutes has been found genernlly to have a 
moisture content varying from (j to 11 perccnt Ilccording to the season 
and location, The moisture content of wood in normally dry, un­
heftted buildings is somewitnt highl't·, probnbly II'OIll 8 to 14 percent, 
and in extreme ('fiseS may be higher". 

A moistUl'(\ ('ontent I(\vcl of hClween 8 and 10 percent at. the Lime of 
gluing is f'onsidel'ed satisfa.C'tory for laminated members intended for 
nor'mal interior' lise. .Membcrs produced fl,t a moisture ('on tent of 
12 to 15 pen'en! will dl'Y out to some extent ill such servirc, n.nd some 
surfllee chocking (~itn be exp('('t;('d, In moist, wet, and exterior ex­
p08Ul'CS, laminated members may develop higher moistllL'e content 
values thnn the mnximum a.t which good gluc bonds ('aCf>'be produced. 
Consequently, lumbcl' with a moisture content range of 12 to 15 
pm'C'ellt is desirable f(lI' such gluing. Members glued a.t 8 to 10 pereent 
will show an appreciable increase in moisture content if used in 
exterior servicc. 

The uniformity of moisture content between the lftlninations of anv 
one Ilssemhly. i1JId throughout thc cross section of each bom.d, is ttlso 
importa.nt, If adjllccut ]arninMions difter widely in llloistul'e content 
at the time of gluing, subsequent moisture equalizntion will calise 
them to swell or shrink unequnHy, with consequent development of 
stTesses in the glue. line, possible sepnration of laminations, and dis­
tortion of the finished memher. A range in percent of moistme con­
t~nt of not more than 5 (fol' example, 6 to 11 pCJ'f'ent or 10 to 15 pCI' 

cent) betwcen lruninaLions . ill It single assembly is reeommended. 
Stresses will also hc cl'eltted if thc interior pHI·t of finy ono hoard 
dHf('rs gron.tly in moisture ('ontcnt rtolll the outOl' piU't 01' shell (fig. 14), 
and it is rc{'.oIllmendecl that sueh difl'cl'ences in per('cnt not exceed 5. 

The most pnl<'li('al method ()f ficl'Lsoning lumber to these moislurc­
content requiremcnts is hy kiln drYing, ,vhich Lends itsdf 1,0 (~ontl'ol 
of humidiLY and the final dl'YIICSS of the stoek (24). Ait'-dried lumhl'l' 
is equnHy suila.blc when it meets theso limitations on moistlll.·e ('ontent 
(16). 

'l'he moisLlIl'e eontcnt of the lumber should be determined befOI'e 
machining opemtiohs Itre begun, by selecting suffieient random f>amples 
to insure thfit the entire lot of s\.o('k meets the 1ll0istlUre content 
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~STIi'Ifj'{jTlON SECT/ON 

I 
MOISTURE SHEll AND CORE ,SECTION OISTR/8UT/ON SECT/ON 

ZM50143 F 

FlGUR1-} 14.-).[dhods of cutting section" from lumber (or moisture-content and 
moisture-distribution dct(,l'minlltions . 

• requirements. Determinations should be mnde of the moisture C011­

'tent of individual boards and for' uniformity between the shell aud 
core, Such determinations will normally have been made in connec­
tion with the kiln-drying operations, but a check should be made 
immediately prior to laminating. 

The most accurate means of determining moiflture content of 
untreated wood is by the oven-drying method. Electrical moisture 
meters (2), although less accurate, are very usefllf, since with them 
measurements can be made :more rapidly than by oven methods, 
which require several hours. The resistn,nee . type of electrical mois­
ture meter is rrenerally limited in application to moisLme content 
values ranging bctween 7 and 25 percent and cannot be used depend­
ably on lumber dried below this l'I1nge. These melel'S arc useful for 
spot checking untreated lumber at the laminating opcmtion, where 
their frequent usc. is I'ceommended. The llloistur'c contellt of lumber 
treated with pr'cs(·rYn.tive snIts elUl usunlly l)e dch~ ..rnined by OVCIi 

drying, hut spc('illl methods Itre l·equirc-i for' lumber lrc:tled with oil­
borne yresCl'Vttliyes. 

Since it is desirable to have lumbel' for laminating uniformly dry 
at the time of gluing, it is necessary thn,t conditions of storage follow­
ing drying be such that them will. be no appJ'ccillble chnnge in its 
moisture content (17, 18). Bulk piling It,frords additional protection 

". • to the lumber fr'om moiSLul'e ehnnges, except n,t the slu'faces of the 
.:~\ pile. If the dry 1ll1nl)cl" is to be stol·cd for fl; long timo, c,?ntrol of tI10' 
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humidity in the storage rooms is helpful, Ordinarily, it is satisfactory 
to keep the lumber well protected fl'om the weather and to use it • 
promptly, 

If lumbm' is taken fmm unheMed stot'uge during cold weather, it is 
desirahle to allow it. to warm up to approximate room conditions 
before spreading glue on it. Gluing of eolel lumber may seriously 
retard the curing of ('('I'Lain typc..'l of glues, cspecinll,\T room-tempera­
tUre-setting on('s, The lime I'NIuired fol' planing the lumber ma.y not 
be sufficient; Lo allow iL to W!Lt'm up enough, 

ROUGH SURFACING 

Preliminul',\" rough slll'f:wing of the 1umher to be us('(l for gluing, 
although not n.fwnys neceSSttl',\", h('lp:=: t.o obtain uniform thickness of 
laminations in the final surfacing. Th(' use of a rough planer is !tIs.) 
sometimes desirable as a first step in the machining and sorting of 
lumber of vuriable thickness. rn hardwoods, partieularl,\r, this opera­
tion will help to (Hsclos(' natural and s(,ll.soning defects, aid in segregl1­
tion of tbe WOOd uccording to grain, sfipwood, nnd hea.l't\yood, and 
greatly fueilitnt(' the elimino (ion of uncicsi[,a,bl(' pieces, Rough plrrning 
reduces stock t.o :m nppro;...illlutelx uniform thickness that is an ad­
vantage in Intel' ripping find resudncing. In Ot'del' to keep tbe lumber 
flat and to ttyoid tmbulaneing Iln,\' sensoning stresses that may be in 
the lumber, l'ough pInning should be done on both faees, with j'emova.l 
of an equal nmount of wood ft'om ench, Double surfacers ate con­
venient fOl' this opeJ'tltion. Hough sUI'fueing, 01' Itblllnking," of the 
lumber may be'done n.t uny' time, even well in ndval1ce of the lami­
nating, since resLLrfn.eillg will be required hefore gluing, • 

CUTTlNG OUT DEFECTS 

The opera tion of ('UUil1g out d('fects invo!\'es (lrosseutting and 
ripping. Thi~ is often done at the sawmill, so thnt the finished 
bo[mls can be lIs('d liS gmd('d withollt further (III tting out of defects; 
for example, pinel' find ru' lUJnber of relnliyel.\T long lengths may be 
availl1ble in suitnble gl'udes, In othCl! enscs, us with most hardwoods, 
only short lengths cnn usually be (luL from available lumber, and 
further cutting is ll(lCeSSal'Y at the In.minating plant to produce clear 
grades, 

, Tlle laxout and fl1ciliti('s at tho plant will determine the sequence 
.~ of the crosscutting and ripping OpeL'fl.tions to obtain stock of the 

rElquired grade and to l.'('duce it to the lengths ttnd widths neecled. 

SELECTION FOR Gll,UN 

In the seasoning p1'ocess, f1nt-grn.in 01' pllLin-sttwed lumber shrinks 
more in width thn.n \'crtical-grn.in or quttrtel'-stt\\yed lumber of equal 
size. The sameL'clulionship applies when cllfl.nges .in moisture con­
tent tttke pln.c.c afler the iaminllted pl'odu(~t is pll1.ced in service, For 
example, a lO-in('h-wide Liat-grain board of white oak httving a mois­
ture content of 8 percent will swell ttbout 0.3.5' inch when .its moisture 
cont()nt is mised to 18 peL'('cnt, while a similar vCl'tical-grain board 
will swell only about 0.21 irwll. This difrcl'ence in e:q)ansion, which 
can result in scvere strcss on the glue line in l\' laminttled member • 

, .' >' 
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• 
ex-posed to exterior conditions, can be minimi7.ecl b;'-T segregating the 
stock into quarter-sawed and plain-sawed lots. Lumber with growth 
rings predominnntl~" at an angle of 4;30 or mOI'e to the face of the 
bO!1rd mlW be classified as qunl'tel'-sa,':ed, ftll(llbnt ,,-ith growth rings 
at an angle of less thnn 450 

flS p\nin-sn.wed. \Yith dense hardwoods 
it is ndvnntngeous to keep these groups segrcgated in nll subsequent 
operations und not to mix the two classes in nn.'· single laminu,ted 
assembly. rrhis segl'egation ma..y hf' (time al nn.\" time prior .to eclge­
Ot· end-joint gluing, or to finltl surfucing, 

In softwood species tll(' slresses <111(' to slll'inking and swelling are 
lower thnn in the dense hardwoods. and segregation for gmin may not 

\ .. 	 ))e necessal'.\T fot· most US('H. indu(ling ('xl NiOJ' setTieC'. Some surface 

coating is recommended to r('cluc(' Ule mte of moisture change, and 

thus the stresses lhnt Nlllse ('hc(·king. 


I,n.rninMtng glues will bond plain-SHwed fmc! qllnl'ter-SI1WN[ lumbel' 
eq ualiy well, so lhitt the segregn lion f,ll' gl'll in in dellse h!lnlwood 
speeies is l'ceommen(\ed wimnril.\' to ('('(luee the suh"eC[ucnl develop­
ment of strcsses in mcmbers subje<'l to scv('I'e l1JoislIU'C ('Jlimges. In 
normally elr.,· int('rior ltSe. the mOhstllre cil:mges arc uSlltlll.\T too small 
to require scgregn,tioll of gmin, 

CUTTI~G Lnll~A'I'Pi'G STOCK 

• 
In preparing stock for lnminn.ting, it is sometimes important thnt 

U!lrrow pieecs llsed Lo produ{'c It ltulll11tllioll the full width of the 
member be edge glued to in('I'e:lse strcngth Pl"()p(,l·ties. Edge gluing 
is also important beCllllS(' open ('dg(' jointH mtl," indu('c further (,heck­
ing and splitting nnd ('onstilute It d<'('ny lUt?t'll'd ill damp 01' exterior 
ser'Yice. Whem the ltdded strenglh iH not ('('quil'cel, ('dge gluing would 
not be neeeSSll.lT in menlbel's lI!'i('d undcl' llol"DlIlll \' (lIT ('oll<lilions. 

\Yhen it is O(:('('ssnry that laminations bl' of 011(' pi(:('(' ill widlh, I1nd 
' ..lambor of the I'eq uirl'd width is nol It \'nilnbll', t 11(' full \\'id (h may be ob­ , 

tainNI by edge gluing slrips 01' bonl·tls of t hL' (ksired q unli ty. fn prepar­
ing lumber for edge gluing, pl"Opel' IUnchining of the edg('s is lH'c:pssary to 
cnable the produetion of joints of maximum g(n'llglh. 'I'll!' ntnehined 
edge should b(~ SqU1U'(' and s!t'\l,igbt to IWl'mil n. light fit of tbewood 
surfaces. Certain typ<'s of tongu('-and-groo\'(\ joints hav(' oft('n becn 
used to obtain luml)('I' of it c](\sirrd width, 'I'h(' acivalllnge of the 
tOllgUl\-jUld-gl'OOV(~ eulling is mll,i n1;,-' in fn('ililn.(ing aiitwlllNlt, hut 
these joill LS ilwolve gn'itl ('I' loss of mn.l<'I'illl, I"l'q uire S/H'tillJ Pq uipmcnt 
for theil' pI'cpa/'fl.tion, I1nd wm:tll,v (llft·t'll'sS ('freel ivc gl uing SUl'fitcc than 
do pll1in joints, 

~'Iachining wi th f1 culLer head, Pi Lil('1' in H. joinlt·r or a molder, pro­
duces the best gluing sUI"faecs. A disadvllll lage of cd~t' jointi>I's is the 
difficulty of obtaining a pel'f('eLly slJ'fi.igh Lt'dg(\ for til(' full length of the 
strip. Saws al'C o.lso used 1..0 pn'pal'P edges of lum/wl' for gluing, aod in 
many cases I1re satisfnel.ol-Y, pspcwinlly wber(' glued joints are requiI'ed 
merely to pel'mit hl1[l(lling litmirllLtions as units during the gluing 
assembly, For besL I'esulls in gluing sawed cdgl's, the ripsaw must be 
in first-class condition, the chain ways true, and the saw round and 
jointed, ~:[achincd surfn.rws produced by euttct' heads properly 

• equipped with sharp kni\'<\s 11Iw(\ been found superiol' to sl1wec! edges 
for gluing purposes, eSlweifilly in tlll' dl'l1:'ll' bl1r(\\\'()od. SP('Ci(,8 . 
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When ripping stock pl'(lpm'n,tory to edge gluing, it has been found 
practical to select fl, number of stfl,udard widths in order to conform 
to requirements fot' th!' sptlcing of edgc joints in the luminnted assem­ •bly. For !'xnmple, if nominal l-indl hunlwood lumber is being pt'e­
pared for fiU 8-ineh-wicle memh£'I', the proportion of 8-ineh stock is 
likely to 1)(' smitH. The IHlI'l'OW('st piper prarti('ul for Nlge gluing would 
probably hI:' ubout l}f inc1l('8. A llumh{'I' of width combinations coul{l 
be edge f;lurd to n1C'e( ttl(' 1'('(]uir('Il1(,1l ts. Thc fonowing combinations 
(If widths in inches srr\'(' us t111 example: :3, 2, 3; 2, 4,2; 5, 3; l)~, 5, l}~; 
2)f,3,2}~; 4. 4; llnd l~. 4, 2)~. If the spceificationsl'eqllin~ a minimum 
spacing of %inch betweNl glued edge joints in adjacent laminations, 
laminations can bc assemhled in the sequence indiea.ted. In other 
cases, the Spa.cing of ('dgl' joints in the finished prod uet may not be 
critical, find miseellaneous mixed widt.hs may bc acceptnble for edge 
gluing. It is a(i\-antageous to haye nIl laminntions that are to be 
glued into all USSt'mbly of the same width at any given section in order 
to pprmit ensier nllnement of the laminnJions find to dis.tribute gluing 
pressure more uuiformly·. Any m('thod of cutting to width is satis­
factory, as long as uniform width is obtailwd. 

It is often lll'CeSMIT in laminating opNations to produce full-length 
laminations by end-jointing sholt hoards for the pUt'pose of obtaining 
better utiliza.tion of rrtW material, [01' building into th£' assembly tbp. 
rt'quil'(ld grade, qunli ty, and strength propel·ties, or somptimes merely to 
enable handling (lach full-lpngth lamination in one piece. Various 
kinds o[ gill('d end joints at'(' used for this purpose (fig. 15 and page 97). 
The plain scarf, hooked scarf, finger, and serrated scarf arc among those 
commonly used. All O)('se joints require a relllJi\T('ly long slope to de­
vdop a high proportion of the str('ngth of an unjointed piece. A. we11­
glul.'d, plaln scad joint in oak, for example, might rcquire a slope of 
1:15 to produee snell strength, whil(' in DOllg~lls-fir Ilnd southern yel­
low pine a. slop(' of 1: 12 wotllc! be equully suffleient. 

It is d('sil'll.ble to have the slop('. of a scarf with, rather than against, 
the gmin of tho wood. '1'her(' is also no sll'ength advantage in ha\Ting 
the slope of n. scarf less steep than that of tl)(l gl'ain of the wood. 
Steep slopes haw' n,n ac/Yl"Ultage in that. they ('esult in less wood wast.e, 
but t,lH'l also al'e WNtk(ll' and may contribute little 01' nothin~ to the 
final sLr('ngth of the llLminaLed mcmb('r. There is also the l'Isk that 
they will bl'('ak wht'll\ong Inrnillittions arc handled in assembling and 
when. bent to c:uJ'ved t'o\·m. Glued sCiu'f joints introduce an added 
stifl'ness to tlw board aL tIll' sCl"\,rf ar('a that somewhat increases the 
diflieulty of <11'11 wing such areas of the lamination to the Conn in fabri­
cating (~U1'v('d assem blit,S, 

The PI'PIHl.l'l1lion of gluing surface;; for making end joints requircs 
accurat.!.' find uniform machining. ~End-grain wood is ill\Tohred in su('h 
surfaccs, and tlte fibers must be cleanly cut, not cI'ushed or to I'll, in 
order to develop glue bonds of maximum stl'cngth. Smfaees cltn be 
prepared on plltJJers, sha.pPl's, single-end tenOlll'l'S, spN~ial scarfing 
machines, or sn.ws. Sutfaees Pl'('p!uwl on muehines equipped with 
cutter heads fitted \\rith sharp knives Il,l'e generally superior to sn.wcd 
surfaces, esp(le1nl1y with lU1l11H'l' of' dense Imrd\\Tood species. 'rhere are 

• 


no high-sp(\('d Inachinps on {lip market suitable fot, a low-cost, high­
volume production of g!.ued end joints, • 

>J'. .< 
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FIGURE l5.-Typicllt cnd joints that are gtuC'd and u~('(l in laminating. 
,"' 

Thero is some advantage in (\uUing end joints of the plain- or 
serrated-scu,rf type so that the sloping surfnc('s of all joints in any lam­
ination al'l.' in parallel planes. This practice will pC'l:mit successive 
boards to be fitted togeti1l'l' as they come from thl' machine without 
turning them over, and will permit cross-cutting allY bOI1l·d and bring­
ing the machin('d ends together without tuming either piece. It is 
not advisable, however, to permit this practice to interfere with tIle 
recommended practice of cutting the scarf with, rather Ulan against, 
the gmin of the wood. 

Sometimes lumber is resumed to obtain thilllwr laminations needed 
in laminu,ting curved members, or for some other renson. The 1'e­
sawed lumber will develop some degree of cupping if cnse-hardened or 
not uniformly dry. Cupping is a disadvantage Iatel' in applying 
glue with the glue spreader, and also in applying gluing pressure with 
clumps. Cupping of resawed lumber can be minimized. by using 
uniformly dry stock, relatively free from cnse-hn.L'dening (6), In 
planing lumber that has been resawn from cnse-hardened stock, cup­
ping can be reduced by taking the heaviest planing cut from the origi­
nal outer surface. In case-hardened lumber it is also very difficult 
to produce well-fitted scarf joints. 

FINAL SURFACING 

The final surfacing of the stock preparatory to spreading the glue, 
assembling, and clamping is one of the most important operations in, 
the fabrication oflnminated. wood products. The quality of the final' 
product is detl'J'lnincd to It lUl'g«( degrl't' by t.he 1l('('Ul'fl<',Y nnd ('nl'(~ with 
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which alis part of Ute work is done. In order to develop glue joints 
of maximum strength, thl' wood surfuces to be glued must be cleanly 
maehined n.n<1 must fi t u('C'Ul"atelv. 

Finish suducing ('nil be>st be> done on <~ulJilH't-trr)(' surfacer's equipped 
with well-fitted cuth'l' hl'uds mounted in ball beurings. The final 
surfacing should he a ligl)t cut, in geurrul not more than one-sixteenth 
inch. Kniv('s should be krpt "'rll shllrpened to prevent compressing 
or otherwise dnll1aging the wood fibers. Glazed or burnt areas indi­
cate diLll1ngN! fiher. 

Double surfn('('l's arc probably brst suited for machining lumber 
to be glued. Singl" surJncPl"s hnve thp disativnntngC' of giving greater 
difficulty in mnintflining uniform pl'essurl'S against the bed, particu­
larly with stock having a tpndeJ1cy to cup. ~lllt('ll()l's and moldel"s are 
less adaptahl(' to tlu' smfaeing of lamina tions for gluing, It is reC'om­
mended tlUlt wlll'll'a Jamiuntion consists of u single bonrd or piece 
(either solid, l'dgr-ghH'(1, or rnd-glurd and smoothly pluJ)('d), the 
difl'cren('l's in thieknl'Ss throughout tIll' board should not excerd 0.016 
(approximtLt<'I,\' 1 i(j4J indl. '\Yhl'Il a lamination consists of two or 
more pil'('l'S laid sid(' by sidp or ('nd to ('lid, the di!£rl"('ncl's in thiekllPss 
throughout tllt' Pllti("p laminlltion (mll<k up of two Oi' morc pi('('Ps but 
not edge-glued 1 should not C'x('('pd 0.0 I0 inch in Ord(ll' to produC'P ('on­
sistputl,\- good UIH! d<'[H'IH!nbIl' glUt' joints. It is t'nti['('ly pra(!ti('uJ to 
slu-fU.CP lumh('I' to tl)('~p I·t'quin'llwnts in single or double surf!lC't'I"S in 
which JH'uds und h('nl'ings Ul't' 11('C'Ul"ntd,\,. fitte:'d find S('t up. 

Ratl's of f('('ding thl' plluH'r thut ("('snit in 20 to 30 kniff' murks P('I" 
inch on HlP stock have bp('l) sutisfI1CtOl".\' for the filial surfaeing of 
la.ruinations for gluing. Till' surfucing should be:' of such qunlity 
that knifp mnrks fU'P hardly IH'l'('pptihlp. Dming the surfacing opera­
tion, stock should IH' tpsted frl'q lWlltly wi tll sli p-on gngt'S on both edges 
throughout the' Length of tlw pipct'. Such gng('s arl' in('xpf'nsive and 
will not hp fOl'('l'd out of shapp if ut INIst thn'p-fourths ineh wid('. 
l\ {i('l'orn('t(l{"s Un' Iwst su it('d fot' tolprllllel' I1)('BsllrCIlH'nls, bu t usunJI V 
requirp too mueh tinll' for routinc' ehepking. Tbl',\' should be of slIeh 
construction ns to p<'l'mit H1('nSUl'l'Inl'nts !H both edgrs and centrl"s of 
boards. Clippill1! at thc' cnds of boards usually indicates improper 
udjllstl)wnt of Pl'l'SSIIl'P har's, knins ground bl'Low the normal cutting 
cirrlp of thc' 1](\0(1. or improlwr sl'lting of thl' fpl'cl mils. 

When lumb(>r ('olltnining ('dg{'- or l'!Id-glu('d joints is suduC'PcI, the 
surplus glm' should first he' l"(,In()ved in Ol'(kr to j)r('vcn t skips in dress­
ing and irl'('gu\al'ities in slll'fncillg, 

ExpN'i!'nce hus indientc'd that {'UP in jWflrcis uft('!' th(' finnl surfacing 
probably should not l'x('('(·d otil' ninety-sixth of t\lfl )'(Ltio of wid th to 
thickll('SS of bourds, For huninn.tiol1s (j inches WI</(" this will allow 
X-jne}l C'U p in il. hOlll'd oM-follrth inell tiliek, ~~-inch cu p in It board 
one-half inch thiclc and liG-inch ellp in 11 honxd 1 inch thic!c 

'l'hp uniformity find qunlity of surfnl'illg I'('('ommended for final 
Inn.C'l.lining of lumi)('r must IJ(' l'(1[air\('c! unti! ti)(' tim(\ of gluing in ordcz' 
t~) [)l'odtH'P stl'On~ Illlt! ([mol>!(' glue· bonds, LUll1hp!" stOl'r.d too long 
n.ft<'l" .final slll'fn('ing nmy hl\\"(1 11, ('hange ill moislul'(' ('ontcnt, thn,l will 
r('l'mlt in nonuniform tLim('J)sjonnl ('bn,ng('s nnd make it ]('ss sntisfudorv 

• 


• 


.. 


fot-gluing into In.mina.tt'd nss(·mhlips. rl'h(~l'efon" final surfacing shoul<:! 
badou(I just prior to gluing. 01' at mos(, within 2 or;~ days before gluing. 
a.nd th!.' dl'!.'$sed lU1111H'r should 1)(' Pl'ot('('U'(\ from significant moistuJ'c. • 
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changes during this interval. Lumber surfaced at the mill before 
shipment to tlw laminating plant should be resurfaced just before 
gluing. . 

Sawed lumber surfaces have not been used to any great extent in 
glued laminated wood products. Although resawing dry lumber into 
thin laminations might afford an opportunity to use sawed sudaces. 
for gluing, present sawing equipment is at a disadvantage for prepar­
ing gluing surfaces because it does not produce boards sufficiently 
uniform in thickness. Saws also tend to compress and damage the 
wood fibers. The rougher surface would also require more glue, . 

Sometimes wood surfaces are intentionally roughened by tooth 
planing, scratching, 01' sanding with coarse sandpaper, but tests made 
with such surfaces under good gluing conditiQ.ns show this practice 
to be of no benefit to the glue boml. Sanding operations generally 
remove more wood at edges find soft areas than at denser areas, and 
thus result in greater inequulity in the tbielmess of the sanded board 
than in well-planed lumber. Sanding is not recommended fOI' surfac­
ing laminations preparatory to gluing. 

LAYOUT OF LAMINATED ASSEMBLY 

A plan for the position of laminations in the glued assembly is 
necessary fOl' each gluing openttion, particularly where the lamina,­
tions ure of different grades or ('ontain edge- and end-glued joints 
and whel'(' the member is curved or bent. The strength of the lami­
nated member is influenced by tllC position of such joints. In many 
CflSC'8 the purchnsr spreification will rstablish the minimum spacing 
of edge and end joints and the grades of inl1£'I' nnd outpr huninations. 

LOCATIO;\' OF EDGE AND END JOINTS 

Edge joints, when properly made, call c1en'lop tbe full strength of 
the wooel, so that the lamination will aet as a single full-width board. 
In members suhjected to bending stresses l'C'sulting from loads normal 
to the edge of the' laminations, it is l1l't'C'SSlll'Y that the edge-glued joints 
provide such strength. BeuIns with vertical laminations and stems 
and krcls in boats illustrntr stich requit'(·ments. 

\VIH'l1 l)(,fllns al'e mnd£' of Inminu,tions containing imperfect edge­
glued joints, coill('id('lw(\ of ('dg(' joints in adjacent laminations in­
creases the possihility of deu,yuge under altrl'llating wet and dry ex­
pasuI'es. For memb('rs to be exposed to the wru,ther or equaIl5' severe 
sel'yi(~e, laminations should be luid up with the edge joints ill adjacent 
laminations offset ns m'uch us possible, and never by less than the 
thickness of the laminn.tions. 

vVell-glucd send joints in lumber do not develop maximum stl'ength 
unless they haye lon(r slopes, aud even with L'elativdy long slopes 95 
percent of the stJ'engtl\ of clear wood in tension is n.botlt the maximum 
obtainiLble. The more abrupt the slope, the wcak~l' the joint. Fur­
thel'll1ol'e, sen.re joints should uJso be spaced so thitt the tip of n. scarf 
joint, in one laminn.tion docs not directly meet the tip of n. scarf in an 
rrdjacent lamination (fig. \6). Whenever pl'fleticn.l, nil S{~n.rf joints jn 
the surface lamination should slope in one direction; this gives best 
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.results in machining the finished product. Butt joints do not fmnish 
reliable strength and are not considered a load-bearing type of end­
glued joint. 

J 

I~
~ lJ === 
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FmURE l6.-Spacing of scarf joints in a laminated assembly. 

STHAIGIIT N[EMHlms 

In assemhly lay-up, considc.l'lttion should 1)(' giycn to the specics 
and grade of lumber, thickn(·ss of laminations, and grain of wood, as 
well as to the position of edgr and end joints. GencrnUv, all lamina­
tions in a gllH·d timl)('l' will be of thr sume species. The lumber may 
be of the same gmdc throughout, or of mixed gmdes as permitted by 
the speeifiea tions ('oY<'l"ing the on1 rr. :\[ixing species in the samp 
glued assembly is prncticalwherr spC'C'ial stl"cngth properties are Cl e­
sired in l1H'm\)('J's thfl t art' to bc subjl'ctc/l to uniform moistu1'('-('ontent. 
conditions i.n service. However, whcl'e UH're nl'('· widc vnriations of 
moistul'(' content in sel'viee, unN[ual slll'inking and swplling of adjacent 
]aminntions wilt oeem'. '1'h(' higilpJ' stJ'PssC's indu('pd by the stronger 
specips nrC' likcly tu cnuse the wood of the weah]' spcl.'ies to rupture, 
which willl'educe the strcl1gth find us(·fulness of the member even 
though the glue joint is dUl'able. 

Laminations up to npproximatcly 2 01' 3 inclH's thick may be used 
in straight members, provided suitably dl'}' stock is aVflilable. Some­
times it may be drsil'llblc to use morc than one tbiclm('ss of stock in 
order to attain maximum utility of the lumber supply or to fabricate 
a laminated member to exact dimension. Arrangement of lamina­
tions by thicknrss is govern('d lnrgely by the intended use of the mem­
ber nnt! by the character of the machining operations to be performed 
upon it. The thinner laminations ordilll1l'ily arc placed in the position 
entailing the least subsequent face machining. 

Becausr of the sUlwrior weathel'inv l'('sistance, with a minimum of 
]ooseJle~ grnin, shown by thnt surfnc(' of ii, flat-O'rnin hoard toward 
which thn growth rings nl'(' COI\WX, it is pl'dc"nblr thnt the top and 
bottom laminations (if flat-grt1in lumbcr) be plaecd with thr sap side 
out in lllemhcl's that me to he exposed to the wenthpl', This prnctice 
has tho additional Itdvltntnge of facilitating penetration of a pre­
sencn.tive. 

CURVED ~hmIlEHS 

'rhe assembly I~,yup fol' clIJ'y('d nwmbers is gOYl'rnNl by the same 
considCl'ntioJls of spccil's of wood, gl'fl.d('~of lumber, and position of NIge 
and scarf joints that upply to stmigirt membnl's, hut the maximum 
thickncss of the laminntions is govemed by the cUl'vature to which 
~hc l~ll1iJlations ari' to b(> bcnt. 

• 
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Lumber that is to become part of a curved laminated member must 
be bent, unheated and dry, after glue has been applied to its faces. 
The practice of steaming thick lumber to permit bending to sharp 
Cll"vature has no application in a gluing operation. The minimum 
radius to which dry, clear, straight-grained lumber can be bent without 
breaking is approximately 40 to 60 tilU('S its thickness, and varies with 
the species of wood. In general, hardwoods can be hent more severely 
than softwoods of the same thickness. Lumhrr containing knots and 
other defects cannot be bent to so sharp a ClU'vatuJ"c as clear lumber. 
In high-strength curved members, the laminations should be bent to a 
radius not less than 1.6 times their breaking radius. 

Table 2 shows the minimum bpllding mdii r('commended for different 
thicknesses of cleat·, stmight-gminecl white oak, Douglas-fir, or south­
ern yellow pine lumber at a moisture content of about 10 pl'l'cent. The 
table applies to both flat- and vCl'ticnl-grnilwd lumber' at a moisture 

• content of about 10 percent. For drier Imnbl'J', nlld espccia.lly fOl' 
fast-grown material, somewhat longt']' J'ueiii may bl' ],t'quired. In any 
curved laminated ml'mher, the radius of CUl'YntUl'e of the inner or 
concave fMe is shorter than thC' J"fldius for tlw outer lamination. In 
thick curved assemblies this dif1'l'l'C'l1ce may make cksimble the use of 
thinner stock at the hUH'!' fnc(' of tl1C' nwmber. 

TABLE 2.-"Jlinimwn bendil/O radii recommended jor d~fferent thick­
nesses oj clear straiyht-grained hI-mba oj 'white oalc, Dou{f/as-ji:I', 01' 
southem 1Jellow pine 

• Recommended minimum 
radius of cur\'ature 

Thickness of lamination Cinches) 
Douglas-fir or 

White oak southern yel­
low pille 

Inches Inches 
%6 ._­%--------------_________________------------------------_.__________________ _ 18 . 31

')4 i 
~'s-----.-- .• _- ___________________________ _ ~ I 41 

30 I 51 
~o-----.---- ______ .___ ._________________ _ 36 I 63 

43 I 74~----------------- ----------_._--------­%--- __ ~_ .•• M ___ W_ ----~ __ ~_._. ___ ~ __ w_ 58 i 98
;lL- - - - __ - - - ., - - - .. _- - - _.. _______ .... n, 125 
l~·'tO----___________ .... __ .. 79 ' 1371_ .. _____ , ________ • , 

.105 173 
n~--- __ .. ____ .. ______ ., .. ____ _ 340 2271%_____ .' ___ ... _____ __._____________ _ 
I~L- ___________________ .. ___ • ________ _ 283~;~ ; 328 ' 2 __________________ ,. __ • _. ____ .. ______ .. ' 

250 ·100 

;. 
GLUING JIGS AND FORMS 

'rhe purpose of gluing jigs and forllls is to permit assembling the 
Inminations nft(\l' glue has been applied to thelll l1,utl then to draw thorn 
to the shape' (LPsired in tlt(' final prod [lct find to hold tlJ(lm in .that shape 
under gluing pl'('ssurc until tIll' glup is s('t and (:Ul'rd. 
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straight members, the jig or form generally consists of a 

011 which the laminations, spread. with glue, are laid con­


..hi;',+;~r.'l~T Often the jig is designed to glue two or more members 

.' same size, placed one on top of the other. Suitable caul boards 

· . aTe placed on top and bottom of the assembly to assist in distributing 


the gluing pressure. Sometimes an arrangement whereby the jig, 

laminations, and cauls are placed in a vertical position is also satis­

~factorY'. The jig may be designed to glue a single laminated assembly, 


or more assemblies of the same thickness, placed side by side. 

· ·gluing curved laminated members, tb~. cured assembly 


. ·~ssentially retains, upon release from the retaining clamps, the curved 
~hape in which it was glued. When members are cured in the jig, ..j 

which must be strong enough to hold the desired shape of laminations 
'when they are drawn into pORition and clamped, less &pring-back is 

. likely to develop than when it is necessary to remove the clamped 
. ',.. '..asse:nbly from the jig before curing i.t. In .gen~ral, .a curve.d glued' 

..... lammated member made of many thin lammatlOns IS less likely to 

develop spring-back when released from the form than one of equal 


· depth made of a few thick laminations. Use of high temperatures, 

su.ch as 200 0 F., maintained for 15 to 20 hours for the purpose of curing 

the glue, has been found to minimize spring-back. The amount of 


.spring-back for a specific item must be determined by trial, and the 

proper compensation made by decreasing the radius of the jig. 


The gluing of curved assemblies may be done on either a male or 

. a female type of jig or form. The jig may be constructed for a single 
.curvature or may be adjustable to various curvatures (fig. 17). The 
general laminating procedure with such jigs is to lay the individual • 
lami.nations in approximately bent position and hold them by a series 

FIGURE 17.-Adjustable jig for laminating curved timbers. 
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• 
of stops, or to draw the entire assembly into bent position at one time 
by block and taclde, winch, or the like. The next step is to USe draw­
lip clamps to p.ull the assembly into final shape and to hold it there 
while gluing pressure is applied (fig .18). 

~-,; 

• M57293F ., 

FIGUI!!'; ll'l.-CurYC'd i:uuillatpd tillliJPI"H ill adjustable jigs. 

Arljustable jigs mllst be set to the shapt' d('sirt'd for the curved 
gluc(l product. .Light but rigid patterlls that will not bend or hecome 
deformed with use 01' changes in moisture alld temperature should be 
used 1'or setting adjustable jigs. Plywood pn,ticl'I1s often serve this 
purpose very satisfactorily. 

The spaeing and setting of adjustable arms on the \wd of a bending 
jig necessarily must be sueh that the laminations will follow the line 
of the paUel'I1 when damped to the jig. Any ilTegularity in the aline­
ment of the arms Or any depa,/'tlll'C or the arms from the line of the 
pattem will be can-ied into the laminated pl'Oduet. .Jigs, therefore, 
should be designed to prevent movement Oi' twisting of the arms while 
stoek is being bent arid gluing pressure applied. The jig must also 
be durable under conditions used in treating the laruinated member 
while curing the glue, a factor that is partiCUlarly important when 
heat is used for this purpose. 

In setting up jigs to be used for curved assemblies, it is usually 
advisable to canT the line of the curve well beyond the net lenbrth of 
Lhe finished memb(ir. 'fhis practice is pal'ticulariy desirable in pat­
tems having a sharp curve near the end of the assembly. ]'ailure to 
set at least one ann on thc bed of the jig beyond this length is a frequent 
cause of distortion. 
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'~In setting jigs for curved laminated assemblies that permit little 
tolerance in the shape of the finished product, it is necessary to add 
the thickness of the caul to the width of the pattern ,on the jig side. 

'.: 

: Otherwise, the radius of tlte finished member will be in error by the 
thickness of the caul. , 

. Spacing between jig arms may be varied with the degree of curva­
ture. In flat assemhlies, a spacing of 4 feet is not excessive if the 
cauls and stock are thick enough to prevent !;lagging or hending of the 

, . package during the clamping and ('uring proees!'. In cmved members, 
,the spacing of the jig arms must be decreased as the bending radius 
is shortened. Required spacing may be as close as 9 inches on sharp 
bends of 30-inch radius or less. Proper spacing can best be judged 

~by observing the fit; of the pattern and the behavior of the laminations 
as they are clamped into position. 

Sometimes it is desirable to laminate members of single curvature 
but bent in two directions. J:'his can be accomplished by the use of 
relatively thin and narrow laminat.ions, and by permitting the lamina­
tions to bend and slip over each other in two planes. The gluing may 
be done in 1 operation requiring gluing pressure to be applied simul­
taneously in 2 planes, or in 2 operations requiring gluing pressure in 1 
plane only in each operation. 

It is also possible to laminate assemblies of slight compound curva­
ture, such as bilgc stringers of a boat, in one operation. The edge 
joints, must have the pattern of the arc of a circle to permit the lami­
nation to twist freely when bent to form. Special jigs are needed to 
provide the compound curvature desired, and special clamping 

.arrangements are necessary (fig. 19). • 

GLUING OF EDGE AND END JOINTS 
~:, 

It is highly impo,·tant in the production of laminated material to 
plan the sequence of operations carefully and to carry out the various 
steps in the propel" order. Edge gluing is sometimes necessary to 
obtain laminations of the proper width, and end gluing to obtain the 
desired lengths. It is usually necessary to preglue edge and end 
joints prior to laminating if maximwn-strength members are required. 
Whether edge gluing should precede cnd gluing or vice versa, depends 
on the sizes of lumber available and the t.ype of assembly. In general, 
it is more eonvcnient to place the end j.oints at the desired locations 
if the edge joints are mad.3 priOJ'to the end joints. 

EDGE JOINTS 

As pointed out previously, edge gluing is ordinarily not necessary 
in laminations used in members intended for normally dry interior 
use. 'Where edge gluing is required, prop<,rIy fitted planed or sawed 
joints may be used. Results of exposure tests have indicated, how­
ever, that greater durability is obtained in dense hardwood species 
with joints prepa1'cd by planing than by sawin.!'". 

The glue used for edge gluing should generally develop as great 
joint strength and dumbility as the glue used in bonding the lamina­
tions. In crrtain cases, howevc1', edge gluing is necessary merely to 
permit handling full-width laminations during the laminating process, • 
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FIGnu; U),-LnminatC'd hoat-bilge ;;trillgeri' forlllPd to a patt('rt1 including 
compound Clln'nturC' and t \rj,t. 

and h'ss dUl'abl(> glut's will 1)(' ad t'qUllt(> , .\,11 glups suiln.bl(' fot, lami­
nating ar(> also suitn blC' fol' pclgC' ld uing, \\'hl't'(, highl,\' wu,tC'l'­
I'('sistant (>(Jg<'-glll!'d joints an' ul'sil'Nl. l'Psol'einol gllH's are most 
pnwtical, sill('(' titPy lIn>"p mOt'C' 1l10dl'l'fltp curing J'('quil'('lllcnts than 
pllPnol-l'Psol'rinol ()t' Ilwlumine glUt's, 

A singlp-I'oll spt'pudl'!' is pl'olmhly the nlldt c'onVl'niPlll J1lC'ans fol' 
applying glllP to tile' pdg('s of lumb('I', Applit'lltioll by bl'ush ma,Y be 
equally stltisfaetol'Y, but is slower Ilnd Oft<'tl lPss practical. The 

• 
ass!'mbly limp is usually ratilPl' shol't in ('<igp-gluing o[wl'fltions, tlnd 
singh· spl'pnding (npplic'lllioll of gl\lp [0 onl,\' ()I)(' of thp milLing SlIl'­
fn('('s) is stI[isfactoI'Y. 

http:suiln.bl
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V arioustypes of clamping equipment may be used to apply pressure 

when edge gluing. The conventional rotary type of clamp carrier is 
satisfactory for use with short stock, provided the material is held •under pressure for a period ::,ufficient to develop joint strength that 
will permit handling the edge-glupd stock without damaging the glue 
bond: The carl'it'r should be properlyalint'd to assure straight glued 
,boards. This type of clamp can be enclosed and heat can be supplied 
to hasten tht' setting of the glue. Compiete cure of the glue is not 
usually required in the edgt'-gluillg operation, but sufficient set to 
permit handling and machining tIll' material is nt'crssary. The final 
curt' may b(\ efi'pctpd in tlll' curing of the laminated assembly, although 
tbis'should not bt' depended upon where maximum edge-joint strength .', is required. ' • . 

Edgc-glm'd stock can a]so bt' clampt'd with piling clamps (fig. 20), 
which will pt'rmit tiH' asst'mbly of such stock on trucks for ready 
removal to a ht'att'd chambt'l' fot· initial curi~g. 'When room-tempera­
ture-sptting glut'S are uSt'd, a damping pt'l'iod of 3 hours or more is 
usually long enough for adequate curing. 

• 

.') 

FIGURE 20.~Edgc-glued lumber ,laminatioIls in piling clamps. 

A llumb('r of edg(l-gluing mll,('1IiI1(lS using high-f[·(·quelw.v dil'lt~eLt'ic 
heaLing fo[, quiel~ s('tting of tIlP glu{' lULvl' bl'cll d{'vl'lop{'d in ['PCt'ut 
years. :Most of these a['(' designed for short stock of tilt' Lyp{' suitl1ble 
for furnitm'e panels, but (\quipmcut could 1)(' d('sigul'd for pdge gluing 

, the. longer stock usually ,ns('d to 1l1minn.tp structural mcm~ers.. rrhc 
mam advn.ntage of the 11lgh-frequl'l1cy procpss fOl' edge glumg .IS thn.t .' 
the glue can uf'iual1y be set in II. pedod of n.hnut, 1 mmu.tLe Qr les,s, 

http:1l1minn.tp
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If edge-glued boards are planed too soon after removal from clamps 
or other means of pressing, sunken joints will probably result. This 
can ~.l'e avoided by conditioning the boards for a period sufficient to 
permit the water added with the glue to diffuse away from the joints. 

END JOINTS 

The choice of glues for end joints involves the same considerations 
as that for edge joints. vVhen' durable end-glut'd joints are required 
in the laminat('d member, the glue llsl'd for end jointing should be as 
strong and durabll' as that used for bonding the laminations. Since 

, 	 mpid setting is often important in tlH.' gluing of end joints, it might 
.... 	 som('times be of aelvnutng(, to use a type of glue for the ('nd joints 


diffl'l'l'nt from that for the laminn,ting. Resol'('inol glu('s, which have 

moderale ('uring requir('ments and set ('ompn,rati\'ely fast, have 

bC'('/1 found practicnl for ('nd-joint gluing where highly durable bonds 

are r('quired. 


• 

End joints may be glu('d srpal'ately or in the same operation in 
whicb tIl(' Inminat(>d l1l('mb('I' is assrmbl('(i. HowevC'l', it is extremely 
diificul t to prod uC'e rncl joinls of uniformly high quality during final 
nssembly. Cons('quently, for ('xt(,l'ior us(' or service where maAimum 
strength is requir('d, pregluing of end joints is r('commended. Where 
d('sign requin's maximum ('nd-joint str('ngth in laminations, the end­
joint gluing should be done .in ndvanc(' of the final surfacing. This 
pro('('(\ur(' prrmits the application of ndequate gluing pressure, enables 
the elpvplopnwnt, of a strong glue bond over the entin> area of the 
glue joint, nnd makes it ('nsi('r to plan in advance of the laminating 
oprration til(' location of joints and defects in order to meet the 
speC'ification ('overing the completed mem\wl's. It also affords oppor~ 
tunity to match the grain and til(' 10('l1tion of edge joints in adjacent 
laminations nnd thus to minimize the devt'lopm('nt of stl'ess in the 
final procill{,t. Ass('mbly time in til(' finn,l gluing opt'mtion can also 
usually b~ minimizl'C1. \\"b('11 the ('nel joints are glued beforehand, 
Advnn('(' gluing of end joints, witll subsequent final surfn,cing, also 
helps to insllr<' uniform thiekll('ss of stock for the full h'ngth of eaclt 
lamination nnd avoids til(' occurrence of open joints adjacent to butt 
joints in eurv('c! Ilss('lnbli('s. 

Phlin s('urf and sel'rnted ('ncl joints, which require a slight overlap 
to illSUl't' ndl'qualr gluing pr('ssur(' on tIl(' joint (fig. 21), must be glued 
in a s('pnrat(' operation to insure consistently high-strength joints. •" 
Bprrn.t('(l, dou hlp-bevel, 01' pegged scarfs facilitatp Illinement of the end 
Joints but do not pl'ovidL' definite assurance that propel' pr('ssure will 
be app.J.i('d on til(' scarf-joint snrfn,ces or adjacent gluing surfaces. 

End joints should h(' cut to a pC'rf('ct fit anel propC'rly a1iped when 
gluing Pl'('ssUJ'(' is appli('d. A rigid bed with rigid uprights (fig. 22) to 
which the boards can be firmly eiamp('cl and held flat and straight 
during til(' s('lling of the glue, is usually desirable. Scv('ral end joints 
can Own be> e1nmpNI iv n, single packag('. vVax paper may be placed 
hetween the hunilla.tions at. placl's WhN'l' glue squN'Zl'-Ollt OCC\lJ:S:, ~0 
prevent them from sLickillg Log-cihel'. When gluing scnl'f joints illl. uhiG. 
manner, provision should be made to prevent end slippage, 

• 
Hi~h-fr('quency curing is also w('H adapted for quick s('tting of the 

glue 111 sCllrf joints, paJ'ticuluriy where narrow boards arc jointed and 
parallel hrating is pl'flcticlll. 1Vllel'e wider boards (about 4: inches OJ: 

24..704J)'-IH--4.. 
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f3 TOO MUCH OVERLAP 

~-


C INCORRECT 
ZM41387F •

FIGURE 21.-Aliniug scarf joints for gluing. A, Correct with $Iight overlap; 
B, incorrect, too much overlap i 0, incorrect. 

more) are end-jointed, stray-field or perpendicullU' heatin~ is probably 
more n,pplicable. The requirement for overlap, as mentIOned above, 
is equally important regardless of the curing method employed in set­
ting the glue. 

Hot presses have. been lls('d occasionally for curing the glue in end 
joints, but high-frequency h(,u,ting is ~aining in use for this purpose. 

To obtain uniform wetting of .all end-joint areas, it is recommended 
that glue be applied to both contacting surfaces, and because glue 
penetrates readily in end grain, a fairly heavy spread should be used. 
It is ~sually also desirable to allow a few minutes of open assembly to 
permIt the glue to become tacky before the surfaces are broug~lt mto 
contact and pressure is applied. Ordinarily it is advantageous to use 
somewhat hi~her gluing presaure for end joints than for laminating. 
If several jomts arc pI'essed in one package by means of l'{'taining 
clamps, fairly heavy ctwls must be used on t;he top and bottom of 
the package. 

"."", GLUING I,AMINATED 'ASSEMBLmS 

Much of the SUCCeSS in fabl'icating satisfactory laminated members 
depends on following !L ('·orrrct procedure when gluing the assembly. 
Good prnctiN' 'I'equil'l's thitt i1ttcntion be given Lo nrJ'ttnging Lh(' 111\lli­ • 

http:CORRE.CT
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FI<l[:fiI; 22.-l\Iclhod of applying preSS\lI'p in gllling, A, Screw press lIsrd with 
phlin or lirrmLcd scarf jOilllH; /3. long bllr rlllmplIHPd with finger-type rnd joints, 

nllLions ill Lhe p/'OpP/' o/'d('I' in 11, ('onvenipnL plfl('(' for f(·{'ding them to 
tilt' glut, sprpadel', ).fixing and spreading tIll' glup pl'oprrly, !tnd plac­

• ing til(' luminations on till' jig or gluing b('(1 Ilncl I1pplyillg ad<'quatc 
PL'{'SSUl'P uniformly t\.LId quickly to Iwoid initial S('t of the glue befol'(~ 

• 
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•applicationo£ pr.essure is completed, are necessary (fig. 23). A. well­
planned and rapidly executed procedure is especially important when 
glues having short assembly times, such as casein and urea resins, are 
used . 
. In. the normal laminating procedure, the laminations are first edge 

glued (when edge gluing is necessary), then end jointed (\yhen neces­
"Sary), and finally surface finished just, prior to gluing. 

MIXING AND PREPARING GLUE 

The choice of glue must be governed by the conditions under which 
the laminated produet will })(' used. Extreme cnre should be exel'cisrd 
in the mL"\.-ing and prrparu.tion of nny glue. Directions for mixing 
(furnished by the manufactUl'cr) give the weight of each ingredient to 
be used. These directions should be carefully fdllow('(L Scales of the 
proper sensitivity must be aVfiiluble and in 

v 

good working condition. 
A.ll containers llsed for "teighing the different ingrediruts should be 
kept clean,and it is usually desiru.ble to use a .scparu.tc container for 
each ingredient .. 

Small amounts of glue may be mixed by hand, but larger batches 
require a mechanical mixer for best results. \Tarious types of mixers 

'have been used successfully. The dough-type mi:-.;:er (fig. 24),' 
equipped with a mechanism for turning the paddle in a double rotary 
motion at.2 or 3 different speeds, has been used with excellent 
.results for both casein and r('sin glues. The proper paddle speed of 
a mixer is importl1nt, us too rapid stirring may introduce Itir into the 
the glue and thus de\'el,op foam, und too slow stirring will require 
excessive mixing time and thus shorten the pot life of toe gIu.e. For 
the type of mix('J" shown in figure 21:1. a.maximum paddle speed of 60 
revolutions per minute is usuully satisfactory. ~li~-ing bowls made 
of steel, zine, copper, brass, or aluminum arc suitable for use with 
approximately neutral glues. ~Ietals other than steel should not be 
used. with highly acid or alkaline glues, since aC'ids or bases attack 
these metals. In warm weather a water-jacketed pot may be used 
to cool the glue mixture and maintain along working life. 

Since some resins tend to develop heat when mixed with the 
hardener, the manufacturer's instructions for keeping the materials 
cool during mixing should be followed. Precooling of the resin in 
refrigerated storage just before mixing is helpful in avoiding undesir­
able heating. 

For the mixing of most prepared casein glues, the proper amount 
·of water is placed in the bowl of the mixer and the <rlue powder 
sprin'Jded or sifted in gradually, with tho paddle in slow motion. 
Cale should be used that large lumps do not form. The dry powder 
is mixed thoroughly with the water and stirred until it has dissolved. 
It is usually recommended that initial mLxing be continued only for 
3 to 5 minutes. The glue is then nllowed to rest without agitation 
for 1.-5 to 20 minutes, and again mixed for a to 5 minutes before using. 
Many casein glues thicken and set to stiff pastes durjng 01' shortlv 
after the ori~inal mixing, but return to worlmble consistencies dUl'irig 
the .rest period. This original thiekening is nOl'mlll for these gLues 
and Il.ot an indication that additional \mter is needed. 

.' 


• 


• 
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FHH-R8 2.I,-Tlln'p-"I><'(><I ('I('('t ric llIixPr wit h :3- nll<l S-qllllrt Ilo\\'l~ and t \\'0 ;.:izcs 
of pa<ldlp:< fOl' lllixing gltl(" 

For urNl I'('Si11S suppli('d in pO\rd('I' form, prolmlJl)' til(' most ~('n­
('rally nppli('ablp mixin~ prO('pdHl'P is to pltH'P about t wo-t II iI'ds of I IIp 
rcquirp(\ wfl.ll'r in til(' mixing bowl, add thl' powdpl' gl'adunlly wit II 
slow stirring, allow tlw Illns,; to mix unl il smooth and fl'('<' fro1l1 
lum ps, and t hell add [,LIp I'('mnin<l('l' of t11(' wn {('r, St il'rill~ is ('on­
tinupd \'01' a few minut('s \llltil till' mixtlll'l' is of ulliform c(Hlsisl(,lIc'Y 
th!'ougbou t.. • 

In mixing inl('I'\lI('<iiidp-\l'mp(,I'alul'p-s(·U,ing- plll'nol-l'l\so!'l'i!lols or 
l'cSOl'elnols, it is tHmnlly most ('Olwenil'nt to plncl' till' liquid I'('sin in 
the mixing bowl and add t IH' po",dpI'('d hard('IIl'!' with slow stirring, 
Aft('l' th!' hnrd('I1('r is ('ornp\p\P1)' suhnH'I'gpd in lilt' r('sin, Htirring 
may be mo/'l' rnpid, Rapid stirring" Itt clIp slart iH lil,a,l)" (.0 ('tlllSP 

loss of hnrden('I', A totnl mixing tinl(' of ;{ Co I () minutl'H is llsllallY 
sllffieil'lll for t 11('H(\ lypps of glul's, . 

TIl(' pro(wdu\'(\ in mixing rndamiut' glut's is Hilllihll' (0 tha! 1'01' 

urca-n'sill glue'S,
i\lnny glups, eSI}('ciltlly of thl' synllll'tie-rpsin lyp('s, contnin inW('(li­

cnts that 111'(' injuI'iollS to thc skin nnd otl1('1' body liHSUl'S, On'ttl 
care should bp ('Xt'l'CiSN] in thpir usp, \Vol'kL'rs I11flY 11('('(1 \'U I>be[' 
gloves, ItPI'OIIS, und goggl('s. ]f toxie flll1WH :U'(' p\'ol v ('<I , good n'nt i­
lalion shollid 1)(' pl'o\'i<l('<I [lnd suitablp ('xlHtllst fn.ns nm)" 1)(' d('si1'flblt', 
InformnJion on \>r('('lwtiollllJ')' lllPU:llll'('S with nny plll'ti('lllaL' gill!' 
should 1H' oblltilll'd frolll tilt' gill!' [l11l,llufn<'luI'('r, • 
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SPREADING GLUE 

To make satisfactory glue joints, it is necessary to apply the correct 
amount of glue and to spread it evenly. 1Vith certain glues Uris 
should be done within as short a time as possible. These require- , 
ments can usually be most easily met by using a double-roll machine 
spreader with rubber-covered rolls and fitted with doctor rolls to 
control the glue spread (fig. 25). Application of glue to only one of 
the mating surfaces of a joint (usually referred to as single spreading) 
;s satisfactOlY for many types of work, but in laminating lumber 
that involves spreading of long laminations and sometimes relatively 
long assembly periods, double spreading (coating both of the mating 
sm·races of a joint with glue) is recommended. Tills will insure even 
wetting of all the joint surfaces to be glued and, with most adhesives, ,
will also allow considerably longer assembly periods than single ) 
sp.·eading. In double spreading, one-half of the glue .requil"Cd should 
bt' applied on each fact' of ('ach lamination. This may be conveniently 
done by passing all, rather than alternate, laminations through a 
double-roll sprt'ader. Application of glue on the outer faces of the 
ouier laminations can be avoided by adjusting the spreader rolls 
1;0 apply glue on one slIrfaee only; in any case, the outer faces of the 
surface laminations should be covered with wax paper to prevent
Ildhesion to t,he elluls . 

• 

• M82944F 

FIGPRE 25.-Double-roll glue spreader equipped with doctor rolls and rubber­
co\'ered lipreader rolls. 
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required amount of glue spread varies somewhabvith the gluing' 
'C()lndlition and with the species of wood used. Porous woods usuallv 
...",,,...ii,·n a heavi~t spread than'do dense, nonporous woods. For most 

,Jumber laminating, the following spreads of wet glue mi'{ture are 
"",recommended per 1,000 square feet of joint area: Casein, single sprE!ad, 
'60 to 90 pounds; double spread, 75 to 110. Resin, single spread, 40 
'io60poundsj double spread, 50 to 75. 

, "The higher range of spread should be used with long assembly 
. :\periods, excessively sloping or end-grain surfaces, scarf-joint surfaces, 

, or imperfectly planed surfaces. Slightly lower spreads than those 
sh,own in the tabulation may also be satisfactory when the assembly 
>petiod is short and the wood used i'O not too absorbent. 

In geI!eral, the glue spread can 1e checked by weighing a board of 
convenient size before and after spreading and dividing the weight 
of ,the glue by the area of thn board. Provision should be' made to 
permit glue spreads to be checked quickly- and frequently. Fo{ this 
purpose, test pieces of the same thkkness as the material being lami­
n~te,d should be used. If a test piece 6 inches wide and 26H inches 
long (total area of both faces 2.2 square feet) is used and glue is applied 
on. both faces of the test piece, the weight of glue in grams is numeri­
cally equivalent to the number of pounds per 1,000 square feet of 
'Surface area spread. If, for example, a, test piece of the size described 
incrattsed 30 grams in weight by the application of glue to both faces 

~,when passed through the spreader, the rate of sprea,ding would be 
'~qwvalent to 30 pounds per 1,000 square feet of spread area. When 
,T;oth contact areas of a joint are spread with glue (double spreading), 
the number of grams on the test piece must be multiplied by 2 to 
obtain the rate in pounds per 1,000 square feet of joint area. 
, The glue spreader should be adjusted and the glue spread cheeked 
before the first lamination is passed through the spreader, in order t.\uit 
there be no undue delay after spreJ1ding has started. For this reason, 
it is desirable to have the test samples of the samc thickness as )he 
laminations tha,t are to be glued. When adequate gluing pressurc is 
applied at the proper time, the appearance of a thin bead of squeezed­
out glue along tlie edges (\f the joint is usually a fair indication that 
sufficient glue has been applied. 

]\-[OISTURE AnDED TO WOOD IN GLUING 

The moisture contcnt of wood is increased in the gluing process by 
the absorption of water contv,ined in the mixed glue. Glues of high 
wa-ter content add more watl!!' than thos& of low water content, and 
heavy spreads add more water than do Jight spreads. lYfore glue is 
~sed per unit volume of wood, and consequently, more water is added 
when laminating with thin laminations than with thick ones. The 

. ';j>ercentage of increase in moistUl'c content from a given amount of gbje 
,. Will 'be greater with species of low specific gravity than with those of 
..'high specific gravity. . 

'rhe percentage of moistm:e content added to the wood when lamina­
tions of equal thickness are used, may be calculated by using the 
following formula: 

• 


• 




nf':rO<iC!t>'" i~:nioisttihi content (pd,~c~nt) 

, ('WllOOX(]X(i~l) ')~ioo
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where W-pounds of water in 100 poundso£ mixed glue .' .,... 
G=pounds of mixed glue used per thousand square feeto~: . 

glue-joint area 
L=number of laminations 

. L-l=number of glue lines in glued assembly 
f;. T=average lamination thickness (in inches) 

S=specific gravity of wood (dry)' 

TIl,ble 3 shows the increase in moisture content of the wood resulting 
from the addition of water contained in the glue used in typical con" .,.~ 
structions. ' 

TABLE 3.-C'alculated 1 percentages of moisture added to wood in 
gluing (five-ply con'stl'uction) 

,..' 
Lami- So~th";" 

GIue nation Hard White Ma- .Doug- er;nKind of glue spread thick- maple oak hogany las-fir , yellow· 
ness pine 

Pounds 
per 1,000 . 

square Per- Per- Per- Per- Per­
inch Inch cent cent cent cent • cent 

Casein__________ 65 % 1.4 1.3 1.8 1.9 1. JSDo _________ 05 % 2. 1 2. 0 2. 7 2. 7 2.6Do _________ 65 % 2. 8 2. 7 3.6 3. 7 3; 5Do _________ 95 % 4. 2 3.9 5.3 5.5 5. 1
Urea resin _______ 45 % .6 .6 .8 .8 .7Do ____ . ____ ,~65 .9 .8 1.1 1.1 1.0Do _________ 15 % 1.2 1.1 1.5 1.5 .1;4'Do _______ ~_ 65 % 1.7 1.6 2.2 2. 2 2~ -t 
Resorcinol or in­

termediate­
temperature­
setting pheilOL_ 45 % .4 .4 .6 .6 ;'5Do _________ 65 % .6 . Ii .8 .8 ;'8Do ___.______ 45 % .9 ,8 1.1 1.2 KLDo_. ________ 65 % 1.3 1.2 1.6 1.7 l.~ 

- ". : 
~~ ,., 

llVIoisture calculated on t.:e basis of average specific gravity values as foU6Wl\:,;,:" 
hard maple, O.63j white oak, 0.67; mahogany, 0.49; Douglas-fir 0.48; soutb,ern.:, 
yellow pine, 0.51. Glue mixtures used were: Casein, 1 part solids to. 2 parts waterj~.. 
urea resin, 1 part solids to 0.65 part wal'cr; resorcinol and intermediate-tempera..
ture-setting phenol, 70 percent solids. . 

ASSEMBLING LAMINATIONS 

Normally, the lumber should be at room temperature before the> 
. glue is spread, especially when glues n(.}t requiring elevatedcufiI)g: 
te!llperatures a~e used; Since siza,bIe a.ssemblies hea.t rather ,slo~~y~,\ ..... 
m~mm.um pressmg, periods n.te obt,a11led If the lumber IS ltt the dElBlfl}d:.,,' 



t~inp~~at~te' ,~hen the assembly is laid up and' clamped~
" 'will permit. the use of longer 'assembly periods, such as 
'required for large members,. but longer pressiI1g or heating of 

lonn"",rl assembly then becomes necessary. 

surfaces to be glued should he· clean and free from ('rayon 


.'........, .. ~n.", gr6ase, oil, or other materials that might interfere with good 

S,~V'~ll'~~~. . 


, Priorto the startof gluing, the laminations should be stacked in the 
"", ~ordl:l.rdesired in the glued member. They should then be passed 

.... ·:tbrough the spreader and assembled in the same order. This pro­
:cedure will minimize the chance of interchanging laminations during 

",ttlW gluing) which might upset the predetermined pattern for end-joint 
...·.,.. spacinJ?:. If .workmen are assigne? to definit~ stations,confusion and 
'.delay ill laymg up long assemblIes are aVOIded. The use of roller 
"conveyors at the glue spreader may save manpower, but the rollers 

used to carry glue-coated laminations should be V-shaped to avoid 
, .. appreciable disturbance of the glue film. Placing the spread lamina­

.' tions together promptly, so that the glue surfaces are not exposed to 
'·,c '"the atmosphere, reduces evaporation of solvent and permits longer 
':,,' assembly periods. 

ASSE~lBLY PERIOD 

The interval between the spreading of glue on the first lamination 

" ,and the application of full gluing pressure is called assembly time. 

,', If pieces of wood are coated with glue and exposed freely to the air, 


.8, much more rapid change in consistency of the glue occurs than if the 

pieces are laid together as soon as the glue has been spread. The 

condition of free exposure is conveniently referred to as open assembly, 

and tlte other as closed assembly. Assembly and pressing must be 
 • 

'completed before the glue has developed an initial set, which is the 

result both of ,chemical reactIon and of loss of solvent to the wood and 


'to the air. 

Since the setting action of the glue and the evaporation of solvent 

are accelerated by heat, the permissible assembly time will vary with 
the gluing teml'·'.'ll,tUl'e. At low temperatures, a considerably longer 

, assembly time h::1y be allowed than under hot, dry conditions. 

Proper regulation of the assembly period is very impol'tan t, since appli­

cation of pressure either too soon 01' too late may l'esult in unsatis­


". factory bonds. Permissible assembly times are discussed in general ...,in connection with the various types of glues, but for any specific glue 

.. '" formulation the manufacturer usually furnishes instl'uctions covering 


permissible assembly periods at difff'Tent temperatures. 


GLUING PUEssmm 

" The application of adequate and uniformly distributed gluing pres­

'sure is essential to the production of consistently good joints. Pres­


sure on the joint during the early stages of setting is required for best 

.. resUlts in practically all types and forms of gluing. The functions of 


pressure include smoothing the glue to form a continuous, uniformly 

thin film between the wood layers, bringing the wood surfaces into 

intimate contlwt with the glue and holding them in this position while 
the glue sets, Insufficien.t pr('ssure oftt'U ['('slLits in thick glue liJlcS 

,that are undesirable regardless of the type of glue lIsed. • 
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The amount of pressure required to produce a strong joint varies 
within a wide range.. Species of high crushing strength require and 
withstand higher gluing pressures than do woods of lower strength. 
For dense woods, such as oak, satisfactory results may be obtained, 
with pressures within the range of 150 to 250 pounds per square inch., 
For softwood specie!", pressures of 100 to 200 pounds per square inch 
arc usually satisfactory. The succPssful use of light pressure pre­
suppos('s that tilt:' wood surfaces a]"(1 true and accurate as to fit, or that 
they deform l"(·adily under small loads. The minimum pressure per­
missible for any assembly is one that will insUl"e close contact of the 
wood surfaces and hold such contact until the glue has set. 

EQUIPMENT FOR APPLYING GLUING PRESSURE 

There are various means of applying gluing pressure to laminated 
assemblies. If room-temperature-setting glues aTt) used, hydraulic 
presses or screw presses may be used in making straight members. 
In gluing curved members. retaining clamps serve to hest advantage 
since pressure must be applied progressively along the assembly to 
permit slippage of laminations. If heat is required to set the glue, 
it is important that the assemblies under pressure be readily movable 
to a curing chamber, and under such conditions heavy presses would 
not be practical for applying gluing preSSUl"e. 'rhe det('riorating 
effects of high temperature and humidity, where such conditions are 
required for cW'ing, also render the usc of expensiv~ presses unsuitable, 

• Large members thn,t arc diHicult to move while clamped are often 
pressed in jigs equipped with portable covers and heating facilities . 

Use of screws 01' nails for applyinb gluing pressure has not been 
thoroughly iUYt:'stigated. In general, however, such fastenings provide 
low and inadequate prpssW'es for most gluing operations, particularly 
where densc hardwoods a,'e involved. On lower-density softwoods, 
reasonably good bonds haye been obtained ,V'ith nail pressure when 
glues of the l'esorcinol type arc lls('d on rather small members, such as 
light rafters, Hence, on the basis of ('xisting knowledge, nailing as a 
means of applying preSSLU'e in gluing is not recommended for high­
strength laminated memb('J's of substantial size, 

A frame type of retaining clamp with rocker head (fig. 26, A) and 
a C-type of retaining clamp with rocker head (fig, 26, B) for equal 
distribution of pressW'c across the width of the assembly have been 
used successfully for producing laminated members. Tops and bases . 
of such clamps have been made of cast iron, steel, 01' alwninUID alloy. 
The initial cost is considerably high('/' w1len clamps of steel or alumi­
num alloy are used, but they deterio/'ate mllch less undel' conditiOIls 
of high temperature and h umidi ty, and there is less breakage. For 
narrow members, a yok£'-type, single~bolt clamp (fig. 27) has been' 
found effective fo,' simultnlleous application of pr('ssu/'e to two assem­
blies. Retaining-cln;rnp bolts may be procured with V-threads or 
square threads. The initial cost of V -thl'('aded bolts is usually less 

"than for the squar(>.-thl'C'adL'd ones, but V,-thrends a}'(' easily damaged 
and do not give so satisfactory service OV(>1' long p('J'iods oJ use, • 

Ai,'-operllt('d 0,' d('ctric nut mnn('rs will spL'cd production and have 
been used to advantage for tightening nuts on retaining clamps 
(fig. 28) . 

. ., 
.-, ~-i', ';:~ .. j.~ ""-"'.~' .."\ 



.' 


• 


FIGURE 26.-11, Rockcr-lH'ad type of two-bolt retnining clamp used to apply 

pressure to I! laminated assembly; B, rocker-head C-type of clamp adjustable' 

to different depths of u!;!{embly. 


Fire hose inflftt(·d by ail', wa.tN·, 01' steam is frequently uSl·d to 
. supply gluing pJ'eSSlU'e. In most operations of this type, the hose is 

placed between a rigid support and a movable rigid caul, and the 

pressure developed by the inflation of the'hose is transmitted to the 

caul (fi~, 29), 'rhe pressure in the hose may be read by means of a 

~hydraulic pressul'C' gnge, and the totallond computed from the follow­
in~ relationship: • 

, rotalload equills tll(' gage pressure multiplied by the area of contact 
between hose and caul. 

If, for exumple, for ench hose shown in figure 29 it is as,;amed that 
. 2 inches of the circumference of the inflated hose bear on the caul, .' 



FABRICATION OF GLUED LAnll);,ATED WOOD 57 

• 


.' 

MS7294F 

l'IGnu; 27,~ Yoke-tnw. ,.:iuld<,-bolt dump n,.('r/ to upply Jlre~"ur<' to two narrow 
a.';":('llIhIi(·,,:, 

• 
and tbp gag!' shows 100 pOllllds of pn'ssUI'P in tl)(· host', thPll th!' load 
deEY('rp<! 1)(>\' 12 jll{'\H'~ of ll'\lgtll of II singh· host' willllt' I no x 2 x 12, 
or 2,400 pounds, TIll' -:I: hos(~s shown in' figlU'P :!H \\'(lldd fl('cordingly 
d('liwr 4 x 2,400, or (I.GOO pound", jll']' foot of 1{,llgth ill ('olltnet with the 
caul. If tlw width of hl(wk to Ill' l:ullillnt!'d is [) ilH'h!'s, this 1011<1 pel' 
foot of Ipngth nHl~t Iw dislt'illutpl! OWl' (in sqUlIl'\, ill('lll'S (5 x 12) of 
giup joint 

( 'I ' \J.fiOO I . I \ 1 
.T lUng pn'SSLH'l' --!iO j(i!J POIlIl( :-; PI'!' sq lW1'P Jlle' l. 2\. 1('1\'\")', 

rigid ('(Hd is rpquirNl to IH'{'WUt ulH[psil'nhle ue{J('C'tiolls in this type 
of prpssu1'(, applicution. 

'.,
C\l'LS A'I> CL.UIP SPAf;"(~ 

,\Yith tllp J'(,tllining' (·lamps g!ln('rflll~- uSI,d in fIlflking laminated 
rnemi>('l's, pr('ssul'(' is 'Ilppjied hy dl'llwill;! up n nut on a thJ'C'fldcd bolt. 
Sinee it is usually iIllTH'lw[ic'nl in pla(;!' I'(·taining dlllnps on the assem­

'.bly so close tOg('t1WI' liS to tlppl:" sl1ltnhlp gluing prpssul'(' dir('(;tly to 
all purts of the gluC'-joint U1'l'a, (,twls nrp pin('pd hpt \\'Pl'll till' lam muted 
assembly and tll(' l'(ltuining dumps to distrilmtp thp PJ'(,SSll1'(, o\'er the 
arpa betw('C'n clamps. Tbt'ilC' ('nuls may 1)(' wood or mettll and are 
placed on both fac('s of tlie "'ode Irhf'/t it widp assembly is clamped, 
it is usually 11I'c('ssar::-- to us!' short clamp SPI1C'illgS to ohln.in the re­
quired averagp PI'pssurr. Tn snell n ('[1SP, thPrC' is no Plll'ticu1ar need 
10 use twasv ('auls, For n. l1fUTO\\' as!-H'mbh-, howP\'pl', th!' ('lamps may 

• 
i)(l spaccd i;l'latiY!~ly fill' apart Ilnd still fui'lli~h [hi' IWJuired pr('ssUl:e 
if hens)' ea,uh; 111'(' tHll'd to dislributp till' pl'{'ssnl't' nniformly. Tll(' use 
of heavy ('uuls with IllllTOW ussPlllbli('s IWI'mils Ow liSP of longpr damp 
spaeings and apPI'('<,iubly ['('duel'S lil(' limp required for dumping, 
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• 

Flr,l HL:!'-. 'PI,hi!;" :.dllil't.! pr'--Hf" ,<I I\, I:l,"j';at".j a--,·"t1,!\ \dL at: d. "Hi., 

IOr'lllll' \·.r~ L"1{ T~ .. , !fJol",. 1!::l\ 1,/· adpI"!I·d '0 f~l'tHJ';i'1' t)J'op"l' tn1'lflW II~ I \"1'J 

adf''j'lilf,' ~'l:l!:~l'l! ~ pP' .. ,.,ttff'. 

• 
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• In general, it is ad \Tantageous to use thick cauls except when curved 
memoers of short radius are made. In this case, the usc of 2 or more 
thin cauls on each face of the assembiy will distribute the pressure more 
evenly than if only 1 caul is used on each face. 

Thick cauls, such as 2-inch planks, arc commonly used on flat 
laminated work and will permit spacing the clamps as much as 15 
inches apart, while the use of %-inch wood cauls may permit a clamp 
spacing of as much as 9 inches with some woods, although spacing 
them 7 inches apal"t is, in general, safer practice. 

In gluing curved laminated members, the caul thickness is governed 
to a. certain extent by the sharpness of curvature. 'Vith members of 

'". 	 short radius, thin cauls must be used and short clamp spacings are 
nec('ssa,ry. A space not greater than 4 inches between clamps is 
recommended 'wben the wood caul is about %inch thick, 

MEASURING GLUING PRESSURE 

• 

In using retaining damps, control of the amou.:.(, of pressure in­
vol\'('s a determination of tIl(' for'ce appliNi when tightening t.he nuts. 
This will \'al'Y with indiddunl opemt,ors, and tl1('rcfol'e the usc of a 
torque-indicating wl'enelt 01' a l('v(,I' arm that shows the force applied 
is reeOlllIl)(,IHled (fig, :~O, A), Some torque wTcnches are equipped 
with a light that f1nsh('s witf'n tbe i'eqlliJ'('d force is appliedi in others, 
a clicking sound informs Ule OPN'fiLor wlwn the nec(lssary torque is 
eX('I·jed. Till.·lond I'xertNI by it damp wh('n a known t.orque is applied 
on the Ilut ll1a.y be 1l11'nSlIIWl by it hydraulic: de\'ice, known as it com­
pr('ssonwtN', iIlllsknl('d in us(' and plan in figlll'('s ;W, B, and' 31. 
Torquc wrptwhl's nn' g<'nl'l'filly calibrated in foot-pounds. "Then the 
compressollwt('1' is plated witbin tIlt' damp and tile da~np nuts are 
tightened with n torque \\Tench, the load on the compressometer 
devdoped by the clamp can be plotted against the number of foot­
pounds appliNI to the clamp nut by til(' wrench, A ehart of this type 
can later be cOlwenipntly used 'to d('termine Lhe number of foot­
pounds lWjuil'ed on tIw to~'que wrench to dev('lop tha desired pressure 
on an nssembly by a clamp, 

If no ('ompi'essolTI('teris a,vailable, the approximate loads applied 
by screws of square t·hreads may be calculated from the formula: 

wherc F=force applied to the le\Tcl", in pounds 

. L=length of UII' 1('\'1'1' arm, in inches 


lr=total load, in pounds 
R=mean I'l1dius of til(' screw, in inehes 
D=mNlI1 c1innwtpl' of tIl(' screw, in 1ncl)l's = 1/2 (diameter at root 

+oufsid(· dinmt:'tN') 
K=piteh of thl'Pl1d, in inch(,s 
i=corffiei(·nt of fl'ict.ion (may Iw aSSlIll1('(/ as 0.20) 
71'=:3.1416=22/7, fLPPI'oximatc'ly, 

• 
The torque requlrNI to devt'\op a Ct'l'hl.in lond in a damp will vary 

£Iom time to Lime, dl'pending upon the Wt'ill' and condition of the 
threads. Therefore, it check of the load should be made at reasonable. 

http:Ct'l'hl.in


• 


.
.. 


• 


•
FIGURE 30.-Devices for measuring pre:l,H1rc applied to rctailling
A, Torque wrench; ami 13, (:omprc!:;l;ollleter. 
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shafting 

• .1'.501,,/ (enter plunger leal/ier, 
8ra» plale - gause "/6. 

ZM70567F 

FlGl1IU~ 3l,-DeiaiiNI dr!lwing of a cOlllprcRsomctcl' used to 1lI('lt.surr' gluing 

PJ't'ssUJ'e, 


int(\l'vals, The thl'Cllds on clump bolts should be kept draIl aIld well 
oiled tll nil timesi otherwise, wide vllriations will occur in the torque­
lond relation. 

CLAMPING TECHNIQUE FOR STRAIGHT AND CURVED 
MEMBERS 

Clamp preSSUl'e should be applied to a straight assembly by tighten­
ing the clamps pl'ogl'rssivdy from 011e end to the other (fig, 32), or 
from thn centcr outwfu'd in both di,,(,(:.tiolls, It is usually the best 

• prncticn first to npply moderate pressul'e Lo nil (~In.mps and then, in a 
second step, Lo apply full pressure progressively along the RSlJembly. 

!!'l70400-fi4--l'i 



( ,.),- TI,('II:\i('AL IIlLLI-,TI:\ [lildl, l'.;-;, IlL!'I, Ill- ,\(oI:Ill I.III:J, 

• 

• 

If til(' ('In 111/1" HI'(' ti,!.!htf'lll'd to 1'1111 Pf'{''''';III'P ill Illt' lir"l Hppli('Hlioli. 11 
,.;Iight b(,IHlill tit!' IlH'lIlbf'I' i" li"l'h· 10 hI' prlldlli'l'(1. \\"IIi-1i !ll!' a ......plIl. 
illy j,.; ('IHIIl/wl! Oll n "olle! IJl'd di!.!. :;;;, IIl1d IlIrll·dcl\\ll (,hllllP", HI'I' ll"i.d 
10 ill,.;tJl'p "ll'ni.!.!lltlll':--"; ill til!' IIlPlllbl'l'. Ihl' rOI'I'!.!llill;,!' (lI'PI'lIlltioll'> ))('('01111' 
If'~~ inlJHlI'llllll. 

\\"111'11 lHlIlillHliOIl" HI'!' !.!hlt'd illio n ('lInl'd 1IH'llllwl', it i" 1I1'('i'''''lln 
10 q,,!, [llill.dollllI'IHIIlP" (;1' ollJi'1' 1111'11 liS 10 pllil I It I' ItilIlillHlioll .... III IiiI' 
"Iw/I(' of Ill(' jig Ifig. ;:, i. nlld 1'1'1:rilllllg" dHlllp.... 10 flll'lJ!"lt Pl','"'''III''' Oil 

I It!' gill!' joint", III tll'U\1 ill:! 1111 11""('IlJfdy illto h"III 1'01'111, 1'1"'1' ('llChl j",. 
"Iip/lng'· of till' IUlllilllltlOIl'" 11111"1 II!' 1J('I"IlIiII('d 10 PJ"()I iri.· iOlilll:lll' 
wood-Io-w(]od ('(jilIn!'! III nil !.!llIl'-joint :11"1':\", \\'111'11:1 I'l'l II n I., 1'111'111 

is ""I'd, Il1i" ('nil I,,· :rf'r'olllpli ... lH'd by r/nl\lill:! till' n"'''('llll,J,\ ""I1!.!I.1 to 
lit!' f!ll'lll at ,,(JIlH' ('('1111'111 /loilll i!llll(' ("111'1(' :Jilt! drallill:.."r.tIIi'I' PIl"iliull,.. 
or III!' nS ""lllldy np(JI'IJ\illlll!t·I.I. hI/I 1101 11111 I i.!!!.I! 1,\ , to til!' rOl"ltI, • 
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FI.,I HL :11. :--1 "'I'iul 1,\llI· ..r \l1I1I-d"\\1I (·jam(>- 11-1'<1 ill t:llllirmlilt)! ('111" ..<1 hlll'll 
raft"r­

TIl!'II. ()Jl 1'1lt'1t ... idl' Ill' I hI' f'Plllnd point. [,pt:lillillg (,lamp,.; :11.'(' pl'Ol!l'(''';­
,.;in{v :tJlplil'd I(murd pndl l'IHI, nnd ('ar·1t plllI-rlo\\"JI ('Iump i-; ti.ghtly 
drawn to till' rMIll jll,.;1 IIl'J'ol'C' a I'ptuinin,g ('lulIlp is npplipd al tltnl 
pllint. Tid" [H'of'l'dll!'!' (,lInll["-.. Ill!' IH'lIl lallJill:1tiolls to ,.;Iip C'nc\\\'i,.;1' 
WilPI'f'lll'f'I',,-;al) til JlJ'OdUf'(' 1I11l1\lJ'IJ1ly light joillt.;, If Illalr' rOl'lI!"; :tn' 
1I,.;!'d, Ill!' ";111111' 1l'l'ItJliqll!' g('IlI'l'lIl1y npplip-;, ('.'>!'('pl that applir':1lioll of 
P"P";";IIJ'!' IlW)" 1H'g'ill al !'itll!'\'l'lld 01' nl It ('PIlII'ld point or til(' n";";l'llJhly. 
'1'111' PI'()('pdlll'!' or Pl,()!.!/'(·,.;",j\P [h(' Ill' /lull-dowll ('lnllJp"', ('lo,.;!'I.' rollo\\('d 
b,\- I i!!hlf'lIill!! or !'('IHillill!,!" ('ltllJl[h, nj,.;oupplip,.; \\'1)('11 Illal!' fO!'lIls an' 
Ih!'CI. 

Cl HI\(; Till', (;1,[1,: 1\ 1.\\11\ \'1'1,:1) \:-i:-iI',\IBI.IES 

Til gr'IH'I'td. t 1](' gill£''' II.-;"d ill IUlnillatillg' ,.;pI n,.; n 1,(".;\111 of !'ltl'mirnl 
I'NH'tioll lind 10;-;;-; of ,.;olnllt. .\ltII!1I1gh ";O/llP ,!,dllp,,;, ,.;\[('11 Its (,Ilspin, 
I'I''';ol'('illol, tlnd 1l1'l'1I I'('"ill", ilia,\' ('lIl'!' IldpCjltlllf'ly tit ol'dinHI'Y shop 
t(,Tlljll'rutl1J'I'''; ,111'1':\"; "holllrl Jlot 1)(· 1I,.;('d III tI'Jl1l)('I'lltlll'C'S bl'lo\\'7fr' F" • 
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und 1'esor('inols ]'C'quil'e heating to 1400 for ('('rtuin PUl'POS('s), oth(,l'S 
requil'(, upplirfl.tion of considerable heat for udequn..t(' turing. When 
rool11-temperature-sC:'i ting glut's U1'(' used, til(' joints should he retuined 
under pressure at knsl lInlill\te,Y ha\'p suffi('irnt sln'ngth to withstand 
the inlC:'rnal stl'(,SS(,S [pnlling to s<'pamlp tIl(' lnminations, The ll'ngth 
of the pressing IH'r1od \'11I'i('s somewhat with til(' lnmination thickness, 
the size' of tll(' lallliJ1utpd nss('mhly, tlH' amount of C'UlTatUl'e in the 
glued members, Hnd the walpl'-absorplivp POWPI' of tbp wood, 

Fol' glu('s thut will ('111'(' ild('quat('l~' \\'I1('n iH'ld undel' prpssure for a 
suffieirl1 l p('!'iod nt mom l('ll) p('I'ul Ul'P, £l'tting is sot)wtinH's nppl'eeillbly 
n('('('I('I'!llt'd WiIPll IWllt is pll)pioy('(1. 1"01' 11ll'gP limi>prs, hO\\'("'PI', it is 
usunHy nH)/'(' pl'ltd icul wi th slH'h giups to nHo\\' longPI' ppl'iods under 
prpssul'P thnn to fUl'Ilish hpnt. !J('('nub:' wood is a pOOl' conductor of 
iwnt nnd ('ons<'qul'J) tiy hpn ts \,I'I'y slowi," , 

Th!' (,lII'ing l'('(l'lil'('Illl'nts for uss(,IllIJlips m!!(h> with ynl'ious types of 
ghws Ill'P dis(,lIss('d ill t hp following pnl'Hg-I'nphs, 

\II"IIII::IIS GLnm \\ ''I'll (;\:;1::1", 

• 

ASl>pmillil'l> Inminatl'd wit·ll ('as('!n g-lu(' dp\'plop strong joints at 
ol'dinnl'~' molll tpllIIH'rntUI'('s, ,Vithin tirp [PI1lI)('I'lltUI\' I'nng-p of iO° 
to \JOo F .. II 1)J'(,::;SlIl'P ()(,I'iod of 4 to (j hours is suffic'i('nl, nit hough tili::; 
shouid he' follo\\'l'd by ll, ('on<iitioning- IH'l'io<l of abo· t a \\'pt'k fOl' <1(.­
\'plopllH'nt of mnxillluni joint stl'png-th. Stmng bond::; 111:1)' hp ob­
lai[J(·d with ('llsping-lups nt (1'IllIWI'tllul't's nlnlOst as IO\\';ls tllp fn'<'zing' 
point of \\'l1.tPI', hUI lInd!'I' till'sP condit ions t h(' c'l/unping (><'I'iod must 
1)(' inc't'pnspd to sP\'prnl dtl~'S, or ('\'PI1 to s('\'PI'nl \\,ppks. and dp(wIHI::; 
upon til<' spl'cips g-ill('d, OluC'd IlIPlJdH'l's with sn'PI'\' CUI'\'n,tUI'P ('X('l't 
mon' inilini stn'ss on till' ~iu(' bond, so timt lon~('" pl'cssillg limp is 
1'('C'Oll) l1l('nd('cl, 

TIll'I'(' is Litlip lHh'nnlilg-(' in IH'nling ('ftspin-gluC'd lnminntpd nsselll­
hlips of ('onsid('1'nblp sizp in ol'dpl' to hnstC'n th(· cUI'tng- of tlIP gi.tH' , but 
til<' curing- will tnk(' plnct' in H. minimum tilllP if til(' IUllliJPl' nl thp til1lP 
of gluing- is tilol'Oughlr Will'!)]pd (0 tlw highpst PT'lwtiCHI ppl'missiiJh' 
u::;s('mbiy lPIll()('l'lllUJ'(' nhoul !J00 F. Althoug-h warm lumhpl' \\'ill 
H{'(,p)Pmlp titt' ::;ptting of ~hll', it will ni::;o nppJ'(·('i:'l.bl~· sitot'l('n tiw 
f)('l'missihip nss(,llIbly ()Pl'ioe!, 

\fE\tIIEHS (;1,0;1) WITII [IlE\ HI~SI~i 

• 

CI'Pfl-I'psin glw's. in ~(,IH'1'Il1. pl'oclu('(' joint::; of inf(,I'iol' ~tl'('ngth and 
wnlel' I'('sislnll('p \\'h(,11 ('UI'('d nl \!'IlI(WI'ntllJ'{'s ht'lo\\' iO O V, '1'hpl'l'fol'{'. 
tbC' lumbpr should 1)(' Iwut('d to III kust iO o »('[01'1' giuing, 01' ('!loul-dl 
iH'1l1 should 1)(' npplipC\ to th(' gitl('d flH'miJPI' 10 hrin~ nil pill'lS of til(> 
ghlP lint' to this (t'IlII)(>l'ntul'(', Stmightlll('milt'l'sgitl('d wil.hlll'PlU't'sins 
ttt 70 0 "l.ouid IJ(' k('pl unde'I' 1)1'('SSIlI'(' 1'01' n( ie'nst 4 hours to d(,n'lop 
('nough joint sll't'ngth 10 ()('I'mit I'dPHSillg th(' PI'PSSW'p, 1<'01' iH·Il\',\'. 
('w'Y('d f1H'1TI b('I'S gitl('d nt iOo, II pl'pssillg- 1)(,l'io(\ of 0 10 R hOlll'S is 1'('('­
o01lJlpnc\c'd, ~1('ml)('l's lumillllt('d with 11I'('n 1'('SiIlS and ('ul'pd nl room 
templ'I'nlul'(' I'<'quil'(' II conditioning /><'I'iod of nbout it wP('k ill I'oom 
tel)q)(,I'n.tuI'p for th(' c1<,y('Jopmc'lIt of 1l111Xil1lUIll joint stl'pnglh nlld 
WH(PI' J'('sislnn('(', 

http:nppJ'(�('i:'l.bl
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The application of heat to assemblies glued with room-temperature­
setting urea resins has been found beneficial in speeding the cure of 
the glue when it is possible for heat to reach the glue lines within 
practical time limits. However, prolonged heating and temperatures 
above 212° F. are not recommended for curing thes(\ glues. IVIoderate 
heating of urea-resin-glued assemblies results in somewhat better ini­
tial b()nds, but the durability of urea-resin glue bonds under exposure 
to moisture and beat is riot appreciably improved by curing under 
beated conditions. 

MElmERs 	GLUED WITH INTER1IEDlATE-TEMPEHATUHE-SETTING PHENOL­
RESORCINOL, RESORCINOL, AND MELAlIlINE RESINS 

Intermediate-temperature-setting pbenol-resorcinols will cure to a 
certain extent and develop appreciable joint strength at room temper­
atures, but it has been found that at these temperatures the glues 
generally are not completely cured. Room-temperature curing, bow­
ever, may be adequate for bonding certain low-density species with 
these glues. Tbese glues are capable of providing durable joints when 
exposed to moisture, weather, and the like, and the minimum temper­
ature and minimum time requirement for curing them for such service 
will vary with the glues, the species of wood, and probably with the 
type of construction. 

When gluing white oak witb intermediate-temperature-setting phe­
nol-resoreinols for exterior use, a curing temperature as high as 190° 
F. maintained for as long as 10 hours at the innermost glue line has 
sometimes been found necessar"y to deyelop adequate resistance to 
delamination. To meet this requirement, the clamped assembly 
should be heated until all pads of the glue joints haye reached this 
minimum temperatm'e, and it should then be held at or' aboye that 
temperature for at least 10 homs. Extension of the curing period 
beyond the lO-hour minimum requirement or at a higher temper'atme 
is not detrimental to the glue bond, but such heating should not be 
carried to a point where it will seriously ufft'et the strength of the wood. 

Partial euring in damps followed by furtht'r heating without clamps 
to complete the cure of the glue may result in defective glue joints 
because of the tempOrtlry softening that. often occurs when heating 
an incompletely cured resin. "Vith less dense speeies, lower curing 
temperatures produce adequate bonus. It has been found that with 
Douglas-fir several intermediate-tempel"n lure-setting phcnol-l"Csor­
cinols develop satisfactory bonds ill stmight member's when cured at 
a glue-line tempemturt' of II0° li'. for' 10 hoUL's. Ouring at 80° (glue­
line temperature) and ill('reasing tIl(' pressing pm'iod to 20 homs have 
been found equally satisfaclor·y. 'rhe assemblies may also be heated 
to temperatures above 110° in order to hasten the cming of the glue. 
Southern yellow pine member's require heating to 110° (glue-line 
temperature) or higher for 10 or morc hours to pl"Odu('edurable joints. 
For Central American mahogany, euring at 140° for 10 hours has been 
found adequate. 

Melamine glues also require considcmblc heating to develop high 
strength and water resistance. A curing period of 10 hours at 190° F. 
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(glue-line temper'ature) is recommended for gluing white oak and a 
similar period at 140° for southern yellow pine and Douglas-fir in­ • 
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tendpd for severe exposure. "Yhen a curing period of 10 hours or more 
is used, it appea,rs inadvisable to employ curing temperatures above 
2100 with some of these glues. 

Members laminated with straight resorcinol-resin glues will develop 
joint strength adeqnn,te for mn,ny purposes ,vhen cured at tempera­
tures from 70 0 to 80 0 F. When softwood species, such as Douglas-fir 
and sOllthC'rll ~,C'no\Y pinC', were being glued, glue bonds cured at these 
temperatures for 10 hours were found to bf' durable when exposed 
outdoors. It is also possible to produce durable joints in laminated 
membe'l's of Douglas-fir, spruce, and similar species with resorcinol­
resin glues cured n,t lower temperatures, if the pressing period is ex­
tended. Tests luwC' sho"n1 that when pressure is maintained for 14 
days, glue joints curN1 nt 500 F. arc adequate for some softwood spe­
cies, such as Douglas-fir and ;':;itka spmce. With denser and stronger 
woods, sUe'h as white onk, heating of the glue joints to 1400 or higher 
for 10 hours has beC'n found necessary to provide similar durability 
with some of these gluC's. 

With Some glues of the fO['cgoing types, curing may be delayed as 
much as a week after sprMding and clamping have bC'en completed, 
but othpl's ma,y not pC'rform so well if curing is delayed for several 
days. The manufacturC'r's recommendation for the particular glue 
should be fo11o\\'('(1. 

~IETnODS OF J-IEATING Cl~AMPED ASSEMBLIES 

\Tarious mpans have been deyised for applying heat to laminat,ed 
assemhlies to fuc'ilitntC' c1ll'ing the glue. Each has ndvantages and 
disadvantngC's, and some have distinct limitations. ~Ioderate heating 
to tempernt1ll'es of about ]200 to 150 0 F. \vith proper humidification 
may he accomplished in a warm room in the plant. A canvas or 
synthptic-rubhl'l' canopy, (lropped over the assembly to enclose auto­
maticnUy conlrollpd hC'nting and humidification equipment, involves 
a rC'lativC'ly low ('xpeuditure and may serve satisfactorily. Portable 
ply\\-ood pneloS1ll'es are also being used for this purpose. Among 
otll('r nlC'ans of hc·ating art' high-frequency generators and radiant 
heating. Wllrre temp('raturps appreciably higher than 1500 are re­
quirNl, it is desirahle to provide n, heated chamber built on the same 
principlrs as modl'rn conventional forced-circulation dry kilns, in 
which the chnmher walls, roof, nnd doors are wen insulated agninst 
heat and vapor 10ssC's. In all cns('s., the heated room or space must be 
lin'ge enOllgh to accommodate the laminnted assembly in clamps and 
sometimes in the jig. 

HEATED CURING CHAJIIBERS 

HeMpel chn11lbC'I's usC'd for curing laminated assemblies at relatively 
high tempC'ratU1'('R should be vaportight and, for the purpose of con­
serving hen,t, should be mn,de of materinh luwing good insulating 
chnractcl'istics. Stparn coils are usually the most convenient means for 
supplying heat, and should be of sufficient capacity to enable raising 
the tpmpcmture of the chnmlwl' to lhe dt'sired lev('} in a reasonably 
short time, llSllUlly from 1 to 2 hours. The curing chumber should b(' 
pquipped with steam or water sprays for maintaining the proper 
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humidity during the heating cycle and with cold-water sprays for 
supplying humidification during tbe cooling period. 

In a curing operation where an actual glue-line temperature of 190° 
F. is required, it is most practical to operate the chamber at 210° to 
215°. At temperatures'much above 215°, it is difficult to maintain 
the proper relative humidity, an.d the use of such temperatures is not 
recommended. Whenever assemblies of a considerable size are to be 
heated in a euring chamber, it is usually most pmctical to maintain the 
chamber temperature at about 20° above the required glue-line 
temperature. If a small('r differential is used, longer curing cycles 
that may be impraclieal will 1)(' r('q uired. 

RADIANT HEATlNG 

Ri\'diant heat supplied by infrared lamps or electric heaters has 
been tried for curing the glue inlamina.ted assemblies, but these means 
are usually less satisfactory than h('ated chambers because of the 
difficulty of properly controlling humidity at the surface of tbe wood. 
Infrared lamps and strip !tea.ters might be useful, however, for laminat­
ing small members in constructions in which relatively little checking 
will occur when appreciable changes in moisture content are en­
countered. Radiant heat docs not penetrate beyond the surface of 
the wood and the interior heating is substantially by conduction. 

HIGH-FREQUENCY HgATING 

By the use of high-frequency dielectric heating equipment, all 
parts of the glue lines in a large asst'mbly cn.n be hen.ted in a relatively 
short period. This is n. distinct acivantn.ge over the slow process of 
transferring heat by conduction from a.n externa.l source. 

If wood is placed in an electric field that oscilln.tes at the frequencies 
used in the short-wave broadcasting range or high PI', hen.ting occurs 
throughout the mass, and thus it is possible to introduce heat at a rate 
dependent on the material to be ben.ted and on the power capacity of 
the equipment. Moreover, if the electric field is applied parallel to a 
glue line containing water, the glue line can be heated selectively 
without materially increasing the tnmperature of the wood adjacent 
to it. 

Although the usc of high-frequency cil'cuits in gluing is a compara­
tively recent development, it is gaining favor for the rn,picl setting of 
the class of adhesives that sets at room tcmpern.tures or slightly higher. 
It is currentl.y most applicable 'whenever a large quantity of a single 
itpm is required or when the object to be heated is thick and cannot 
be heated readily by conduction. 

High-frequene.y dielectrie heating equipment is similar to that used 
in short-wave broadcasting except that, instead of radiating the 
enOl'gy into space, the equipment is so designed that the energy is 
converted into beat within the mass of wood occupying the space 
traversed by the high-frequenc.y field. '1'he function of the high­
frequency genern.lor is to convert commercial electdc power at low 
frequencies'to power n.t frequencies vaJ-ying from ahout 1 to 40 million 

• 
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cycles per second and employing much higher voltiLges. • 
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The amount of power converted to heat in the dielectric can be 
increased by raising the voltage. The higher the frequency, the lower 
the voltage necessary to obtain a given power input to a load. When 
the working voltage is kept low, there is less tendency toward arcing, 
which is especially troublesome in parallel heating. Standing waves 
are most likely to occur at high frequencies, and since these result in 
tmeven heating they must be avoided as much as possible. The 
effect of standing waves can be reduced by means of tuning stubs or 
induction coils applied between the elctrodes. It is often necessary 
to use such coils when gluing long benms. 

It is important that the equipment be properly constructed and 
shielded, otherwise an objectionable amount of high-frequency energy 
may be radiated and cause interference with radio communication. 
The Federal Conmumications Commission has assigned certain 
frequency bands for industrial induction and dielectric heating equip­
ment, and within these bands there is no limit on the amount of 
energy that may be radiated. In dielectric heating applications such 
as curing of glues, however, the electrical characteristics of the material 
or load are changed while it is being heated, so that with the type of 
generator commonly used for this pm'pose the frequenc.y changes 
and it is difficult to kppp it within tht' assigned band. An alternative 
means, then, is to shield the equipment so that the amount of radiation 
comes within the limit pCI'mitted by the Federal Communications 
Commission. Shielding to cut down radiation is considered morc 
practical and !('ss costly than building equipment that WIll maintain 
constant frequl'n(',\" undel' varying load (20). 

Several methods of utilizing high-frequency energy fol' the gluing 
of wood are in use (fig. 35). The most common are those known as 
pamllel heating, perpendieular lwating, and stray-field heating. 
In parallel heating, the fipld is pn.l'itllel with the glue lines, and, since 
these n.re more conductive tban tbe \\-ood, tbe \\~ood is not appreciably 
heated unless the heating period is prolollged. This method is the 
most economien.l of the three, hut it is generally not considered satis­
factory if the kngth of til(' glue lint,S between the faces of the electrodes 
is more than 3 inches. In pm'p('IHli('.ular.' heating, tbe field is perpen­
dicular to tbe plane of the glue joints ana the entire assembly is 
heated. Consequently, mOl'e POWPI' is required in this method. In 
stray-fielel hcn.ting, the ~due lines ill'(' not in direet line with the elec­
trodes, but as in parallel heating, the fi(,ld is hU'gely c.oncentrated in 
the glue line. This method is applieable to the gluing of scad joints 
in boards tbat are too \ride to mn.ke pal'n.llel heating practical. 

High-frequeuey heating bas been used to a limited extent in com­
mercial production of flat and curved plywood, and to a much greater 
extent for gluing ('dge and end joints (fig. 36), furniture panels, and 
similar prod ucts, Recently it has n.lso been used for large-scale 
production of laminated CUl'"VC'd meters. The resorcinol type of glue is 
used, and tbe field is applied parallel to the glue line. 

Ul'ea-, 1'esoreinol-, and mehullillc-resin glues have been used suc­
cessfully with high-frequency curing. r1'11is pl'ocess is less applicable to 
hot-press phenol J'esins because of the high temperatul'es requit'ed to 
set them, Acid-catalyzed phenols, on the othel' hanel, appeal' to cure 
satisfactorily witb high-fl'equcney heating, although expel'ience with 
them is limited, Tlw choice of glue is much more critical in parallel 
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FIn1"R~J 35.-Yariou:; elre,trode arrangement:.; for applying high-frequC'ney t'1C'l'­
trical C'ucrgy to ,;('\·C'ral type,; of load:;: A, Work b('tw('C'n rlcetrodc", with clectric 
field pC'q)('nrlit'ular to plant' ()' I-(Iue joint,;; 13, :.;anciwich JnC'thod, center electrode 
bet\\'cen two :;tacks of matC'rial; ('. plectroclp arrangement for selective setting 
of glue lineR in pre,;:.; as in A; D, l'tray-fit'ld arrangclllcnt. 

than in perpendiculal' honding, and, sin('C' tlwl'e is eonsiderable varia­
tion in glues of tIl(' sanw typP, til<' manufaC'tUl'PI' shoul<[ bp ('onsulted 
in regard to LIll' npplicahility of iIiH pn.l'tiC'ulnl' glue to the difrerpnt 
melhods of high-fl'NllIPlley bonding, 

Thp moistUl'p eOIl(pnt of thp wood nfl'eds its eOIHllIdiyity, and the 
length of time required for curing till' glue' in(,l'pnsl's with hilrhel' 
mOlsluI:(' eonlelll. Ik('ami(' of til(' difl'PI'P!H'P in eonductivitv or"\vel 
and dl',)' wood, it iH impol'tunt that the Illoist IIrp ('ontplll l)(,\ll1ifoJ'111 
throughout the ItssemblYi othel'wisl' thC' glut' might (,Ul'e llonuni­
formIy, • 
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It is well known that more ('.u,rc1ul technique is required for sucress­
iul gluing of the denser speeiet:; tlHln for less densC' 011('S. This holds 
true also when high-frequpne~v eUl'ing is (,l1lployed. Longer curing 
eydes are also required fot' the denser s]H'ci('s. 

The applieatioll of high-frc'queucy lH'n.tiug to memhers glued with 
room-tempe7'l1tme-setting ndlJ('si\'es Hhould be coni iuued until the 
bond strength is suffieient to ]H'OWll'!: sepllmtion oJ joints after the 
pressure hus been released. Sen'l'fil dn,ys must tiIpll he n,lIowed for 
conditioning and for completing the cme n,t room 1C'mperature. 

RATE OF HEATING IN LARGE ASSE:MBLIES 

The rate at which l)('at is tmnsfeJ'I'ed from the surfu(,(' to the' ('('nter 
of a laminated assembly vn,ri('s somewhat with the spe<"1es and the 
moistme content of the wood and depends a gl'('at denl upon the 
dimensions of the assembly. Figures:37, 38, and 39 show the rate at 
which members of white on,k; and Douglus-fir assemhled with cauls 
and clamps heat in curing chambers maintn,inecl [l,t tht' temperatures 
indicated. Heating pcriods req uir('d for otll('r siz('s ('fin be calculated 
by the use of formulas (13). ,Yhe]) several fissemblies al'e clamped in 
one package, the rate of heat tr::l,l1sfel' to the int('I'iol' of the package 
may be considerabl)T inrl'eased by inserting s1l(l(>ts of aluminum 
between the assemblies. This proc'edllre is espec·jolly advantageolls 
when several WIde assemblies urI.' damped in one puc-kage. 
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FIGURE 37.-Glue-line temperatures (1/' ernt:rr of il1llliIHLlrd lJ1cml)('rs. Curing 
tempemturc, 2l0° F. Relative hUlIlidity, 80 pC'rrl'nt. 

The total curing cycle may hG considered as consisting of three 
parts: 

(a) Hen,ting tho assembly to bring all parts of tlH' gltw lines to the 

• 


• 


,. 


minimum tempemture reC/llb'eel for curing tl1(' gluc', 
(b) Maintaining this minimum tempemtlll.'e 01' ahigher temperature 

at an glue lines for the l'equil'ed clIring period. • 
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FIGURE 38.-GIII('-lim telnp('rnture~ at ('elltpr of laminated IllPmbers. Curing 
{Plllp('mturp, 160" F. Relative hUlllidity, 80 pcrC'(,IIt. 
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Feal'RE 3!J.-GIIIl'-linp tPll1p('rutl1r('~ at center of luminated members. ('uring 
telllpl'mtllrf', 12ilo F. Rplativp hUlIJidity. 75 perc('nt, 

(c) Cooling t11l' lrunilltttC'c/ assembly. Thl' lengtb or tim{' that the 
glue joints at'(, I1t 01' ahovp the minimum ellring' tempemtul'c dming 
this pCI'ioel may be eonsidN'ed itS a pal't of tht\ l'cquiJ'pd curing period. 

Although the outpl' itl'C'11 of a lamillat('(l Il~:,.;t'mbly IlUl,\' be expected 
to heat mpiclJy flS lllP atmosphel'(\ of 01(\ ('uring chamber is 1'11iscd in 
U\lI\pC'mtul'l', hours 111Ii)' h(1 1·(·quirNl lJ('fol'l' til<' gllle lilH' I1t the (,{,Ilter 
of the I1sf;embly I,'ill reach tilL' tt'llljwmt lire l'eq uired to eUl'e the glue. 
DUI'ing the cooling period, 11ow('Yl'!', tlt(' outer I1I'CI1 cools first, and 
hours may ugn,ill l'laps(l whill' the e('nit'I' [,l'maills at or above the mini­
mum eUl'ing temp(ll'atuI·(,. Conspq uen tIy, cooling can be started 
IwfoJ'c tI)(' requil'C'Ci curing time fol' the illnermost glut' linC' has clapsed. 

The use of thcrmocou plc's and 11 poten tiol1wlcr is rccommcnded to 
(:hcek the' int.('rior {emp('rntw'('s during euring, partieulariy whcn 
lalllina{'.ing the first f(lw lll('mhel's of a pn.rtielllul' size and. Shl1pC. 

• 
In addition to pllwing fhel'mo('ollples n.t Ylll'i.ous points withiu _1 

memher, it is also dt'sil'll.hll' to pll1(,(' SOllle on tht· outside sul'faecs. 
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During the. heating-up period, the wet-bulb tempe.ratme should be 
kept slightly lower than the smface temperaLure of the member. If 
this is done, condensation on the timbers will he a.voided. 

After the heating has been carried on for the required period, it is 
necessary to cool the member to room temperatme without appreciable 
drying, in order to avoid smface checking. Ordinarily, cooling is 
accomplished by shutting off the steam supply to the heating coils and 
to the steam spray. Water vapor will usually eseape from the cham­
ber so rapidly during the cooling period, however, that the relative 
humidity will become very low and the surface of the wood will dry 
and check. It is important, therefore, to control the relative humidity 
also dming the entire cooling period. A satisfactory method of 
rapid cooling is to inject a fine water sp£ay or mist into the circulating 
air of the curing ehamber clming the cooling period. This is con­
veniently done by means of spray nozzles attached to the cold-water 
supply. Use of compressed air in the water-spray line helps to avoid 
clogging of the spray nozzles. The introduction of water spray or 
mist, however, should be controlled to avoid wetting glued members. 

HUMIDIFICATION OF HEATED CHAMBERS 

Wh('n wood is heated in an atmosphere of low relative humidity 
for a number of homs, the wood dries and tends to shrink. This 
shrinkage may cause ch('cking of the wood or opening of the glue 
joints along the edges before the glue has cured sufficiently to with­
stand the drying stresses. 1£ a high relative humidity is maintained 
in the curing chamber, however, the wood will not dry and thus will 
not shrink or check, and the glue joints \\'ill remain tight. It is 
desirable to provide a relative humidity that will maintain the mois­
ture content of the wood in the laminated assembly. Figure 40 indi­
cates j for example, that to maintain a moisture content of 10 to 12 
percent in wood heated to 210° F., a relative humidity of 80 to 8.5 
percent is required. At ':L curing-chamber temperature of 210°, such 
a relative humidity requires fl· wet-bulb temperatuJ'(I of 199° to 202°. 

Humidity refers to the amount of water vapor in the atmosphere. 
Absolute humidity is expressed in terms of the weight of water vapor 
pel' UJut volume of air. For eXllmple, at ordinary shop conditions the 
amount of moisture in the air may amount to 5 grains of water vapor 
per cubic foot. Relative humidity is the ratio of th(' amount of 
moisture pres"nt to the amount of moisture required to saturate tIw 
atmospbel'l' at the same temperature. FOI' example, if the air in a 
shop operating at a temperature of 70° F. contains 5 grains of waLl'r 
vapor per cubic foot, its relative humidity is 62.5 pNcent, because it 
will contain 8 grains. of waLeI' vapor per cubic foot when saturated 
(100 percent relILtiv(' humidity) at 70°, 

The moistur<,-holding capacity of the atmosplH'l'<' is greatly in­
creased with increase' in tl'mp<'ratul'(' (almost doubh\d fol' ('a,ch 20° F. 
rise in temp('rature). At 210° the capacity of thl' atmosphere rises 
to 255 grains of wn,ter vapor per cubic foot, and a I'elative humidity 
of 80 percent ['PC( uir('s abou t 204 grains per eubic foot. Obviollsly, 
in Ol'del' to provid(' sufficil'nt moistUl'e in a curing ('hamber to avoid 
drying of the ghwd assembly, it is n('c('ssH.l·y to adel a considel'llbl<' 
amount of water vapor to the atmosplwre. The vapor can be most 
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FrrlI'Rf'; ·10.--- Hplntioll of dry-bllib tPlIlppraturp, rplnti"p hllrllidit.\·, nnd pCJuilib­
rium 1lI0j,;tIlI'P ('on(I']\( of woorl. 

('ollV('niC'ntiy addpd by admitting livp st(,llill (j<'[ 01' sprny) Lo till' 
chumber, whieh must be well inSlIlatNI and vapol,tight to maintain 
[II(' humidity at the desirrd IcvC:'l. 

PLANT AND MAGIHJ\"ERY REQCIREMENTS FOR A 
lAMINATING OPERATION 

The fahriru.tion of strong and ch'pendablC' glued laminated wood 
products t'pquir(>s cn.t'rful and al'l'ut'u,te pt'C'pa'I'ation of the lumber. 
Plant fil.cilili(>s lind t11[tehilH't"y should \)(' eapabI(' of turning out a 
product exhibiting a high qunJity of \\'orkmallship, Acclll'l1tc ma­
('hining of tlw lumlwJ' to oblllin wc>ll-fittc>d joints, control!t>d glut, 
sprC'l1.ding, IldNltlalc> clamping of the Ilsspmbly, and sufficient curing 
of the gILl(' un' ll('('('SSttry to produc\' dt>p<,ndabI0 joints. AV(,t'n.g(' 
woodworking muC'hitH't'y and hl1nd-l1ttiug of joints do IlOt gen(>I'I111y 
l~'nd thrlllsrIv('s to pl'Oduction of high-sLrcngth and unifonnly COl1-

Ststrnt glue bonds. 
'fh(' equipllll'nL Mel facilities tWjuil'ed for the diITet'rnl laminating 

opl'I'alions mn,y vltry consid('t'i1bly a('('ordin~ to tJl(\ typp. Itnd ,siz(> C?f 
Ilwmliel's Lo be pt'Odu{'('d. All of tltt' pqlllpmenl d{>s('t'lbt'd ttl thIS 
s('dion mil,\' not 1)(' t1P('(lss!lry for satisflleloJ',Y laminating, but it is 
indud(\d for tht' cQllvcniellc(' of nnyone entering thl' lall1iua,til1g fh,)d, 
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The amount of floor Spll(~(' requirpd fOI' a pln,nt fOI'll1lninn,ting lumb('l' •
products d('pends on three mn,jor foetors: (a) The sour('(' of dry 
lumb('l' or the fn,rilitiC's for kiln drying nnd slorin~ lumlH'I', (b) the 
anticipn,tpc\ doily production, nncl (c) titl' sizt' and sliapC' of tll(' lami­
nateel matC'ri nl. 

By assuming that a plnnt inlt'nll('(\ for fllbricatiOIl of laminated 
memb<,rs already hns fuC'ililiC's for dr.\'ing nnd stol'ing lumiwl' and 
that its C'xp<'ct('(\ c1nil,\' ou Ipu t hns hl'('n (\CO('ic\Nl, the' n.tnount of floor 
spaC'(' l'C'quil'l'd for thut output wiH thl'll dl'pC'ud upon till' Lyp<, of 
ml'mhl'rs to bC' mnnufaelurNI. 

If Hll' matel'inl is to 1)(' fabl'i('atNlinto ll'ngt lis gl'('llt('l' than !.hosl' 
obtainn.hl<- feom tlw slnndnl'd kngths of lum\wl', SplH'l' must \)(' pl'O­
vidl'el for scarfing opl'I'ations inyo.lvN\ ill pl'oclu('il1g lhpsl' kngtbs, 
Th(' l'PquirNI spa('l' must hl' long, but muy 1)(' ('ompnl'nliYl'ly narrow. 
It is not C'ssl'ntial that s('nding, gluing of scnrfs, nnd the'il' euring pI'ior 
to final surfncing \)(' done in tIl(' sanll' spn('p or c\('pnl'trnl'llt in which 
tlJp final nss('mblv is lmd('rtn.kt'll, 

SP1U'(' should 1)l' pl'ovi<iNI 1'01' lhp inspe'ctioll of lumlwl' nnd for dry 
nss('mbly of Inmillatiolls to tltl'ir final pflckn~(' sir-(' 1)('£01'(' tllPY n.I'P 
gltH'd. SlIeh provision will IWl'llli I p\ucing til(' lnminn lions in the 
COlWCt. position /'01' Ill(' l'(lquin·d spncin~ of sctLrfs and fot, assembling 
th(' pTopt'r numh('I' of pi('p(,s fol' Ntch ptlckn~('. 

Thp spacc J"Pquin'd 1'01' spI'('adin~ gill(1 is sli~hll.\' mol'(, than twicp 
th(' length of tl}(' lon~('Sl I1H'm\H'1' to \)t' fu 11I'icn.tt'd, SOlllP spn.c(' can 
bp saved by mounting- the sprender on cnsti't's, so that it cnn be moved 
('nsily, but amplp spnc(' is JlI'n'l'lh(l}('ss highly c\l'simbk • 

The SPRCe' l'Pql1iJ'l'm('nts for fixed clamping bpcls OJ' jigs arp sompwhat 
greater tllnn thos(, Jor lllobilp equipmpnt, bUl such it plfLnt Iftyout is 
adYRlltagPOtls if tll(' lllat(,l'iRI is 10 bl' cm'(ld on tllp bed, The bNls 
may b(' in rows, and the finished l1lnl('l'inl ma)- be l'l'movNL from lhe 
beds b.\r hoist or olll('l' mpchnuicnl llH'lllIS. Tilt' total SPilC(' ]WI ui1'e­
m('ills for a fixpd-lwd l.\'pp of o1,('1'(1·l ion ,,-ill dl'pl'nd upon tI\(' siz(' and 
numl)('!' of fixtl1J'(,s uppcipd fo), ti](' requi)'ed curing c,Ycll's nnclupon the 
desired prod uction capn.ci ty, . 

DHY KII,:'IiS 

In general, it is d('simblp that the fahricnlol' have n.L his plnnt, or 
havc access to, kilns of Stich d<,si~ll lltll.l lumlJt'J' fol' laminating ('an 
be ciripci unifot'nlly nnd sll'('ss-fl'('C' to llll'l't llJl' I'l'q \I il'l'lIll'llls of g'ood 
laminuting pl'oeNlul'P. .A SOtlrCP of w{'lI-dl'i{'d lumbl'l' is satisfactory 
if the fabric-n,tot' do('s not d1'.\' till' l.um\)l'/" hims{'lf. I~q ui pment for 
dptermining [JJ(> moist UJ'l' ('Oll[{'nt of lum)wl' must be available, 

STOI\AGI'; IkILnI:XGS 

It is often JlN'l'ssnJ'Y for tlH' fnill'il'u[ot, [f) bll\'(' filcilili('s fOl' the' dl'v 
slol'ag(' of kiln-dJ'il'd'ltlml>l')' in ('Iwlmwd :\IHl HOJ-nplinH's in hl'!\.t('cl 
buiIciings, • 
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SAWING AND JOINTING EQUIJ»IE~T 

The fubricator will grlH'l'ully l'('([uil'e the following sawing llluchineL'Y 
to p1't'pUl'(, lumbpl' pl'opl'd? fOl' gluing: 

(eL) Chain-f'pd ripsaws cllpn.hlp of ripping a true stmight Nlge suit­
ublr for thr rdgr gluing of l(1111)('1'. < 

(b) Crosscut sa\\'s 1'01' trimming bonl'ds und l'l'llloying drfpcts, 
(c) A hand 1'('sn\\", usunlly I'Njuil'rd wlH'n thin Inminalions ure 

llr('(lrd fol' Inminuling shnl'p1.v brnt items, und filso ud,'unlugrous for 
l'rsnwing itrms tlmt ('un bc glu('d in multiple widths. 

EOGE. AND SCARF·JOI:'iT GLUE'iG EQI.'IP\IW\T 

Clumping equipnwnl for I'dge gluing l11ny consist of hnnd clumps, 
cllunp currirl's, piling rlnmps, 01' otllrl' <I(,,-jC<'8 to uppl," and hold 
p1'<,ssurr satisfactorily on thl' rdgps of boul"lls during tltl' ('dg<'-gluing 
operations. 

Equipmrnt fol' pnd jointing of lumbc'L' 1l1fiy be a planer, shaprr, 
lrnonel', milling IH'ud, or Ull? otlll'r dp\"icp to producc tilp fingprp(L, 
plfiin, or srl'l'atl'd smfucps of the shnpp und uniformity l'l'quir('d. 

Scnrf-gluing PI'CSSUl"(' rquipllll'nl nuw 1)(' hydmulic 01' S{,I'e'W ])1'(,S8(,S, 
C-clumps, or Ully suitablr dr\-ic(' (0 apply and hold [)l'('ssurc during 
the gluing find curing of send joints, 

SL'ltFACJNG EQUII'\IEYI' 

Thl' rough plnllP1' is 1Is('([ fOl' till' initinl sllrfacing of both sidrs of 
kiln-dril'd rough lumber. EitlH'!, a, singIP 01' doublP plalH'1' is sutis­
fnctory. 

TIl(;' cabinl't snrfncel' is an ('ssl'nlinl pi('ce of ('quipmelll. It mlty be 
11 single- or double-c,Ylind(·r, baJl-lH'uring muchiJle, cnpllble of bring 
set to surface lumbel' fiCCUl'lttely within clos(' limits, Pl'eft'mbly, it 
should be not less thltn a si;';:-1'o11 mnchine. 

GLUE STOHAGE, l\frXING, AND SpnEADI~G EQt'lP;\IENT 

AciPquate storage facilities tbat will l'noble stomg(' of glul' under 
cool Imd dr~" conditions Ill'(' o[U'n udnllltng<'olls. Fo!' int('l'medinte­
{rmprl'otul'('-s('U ing plH'nol-l"l'sorcinol r('::;ins soml' Hwans of r('/'l'igera­
lion mU~T b(' dpsi1'l'd in OI'(\el' that tt'llljwrnt UJ'l'S liS low ns :30° to 40° 
F, mlty b(' maintn.illNI in til(' slorng<' room, 

Equipment for mi;-..ing glut' must bt' d('sig)wd (0 product' a 1101110­
gl'neous mixture of th!' various glu(' ingr('<iil'lIts with thp l('fist amount 
6f agitl1tioll. I<;quipment mndt' of mntprials l'fisily I1tlackpd by ueids 
or busps should not be USl'd with glut's thltt Ilre highly nlkaliJl(> or 
highly acid. ~li.'{('rs made of steel art' suituble for most Imninalillg 
glues. 

Casl'in glue may be npplied with ghw spreaders equipped with 
properly corrugated metal rolls or ('orruga.ted ruhher-('overl'd rolls. 
The equipment for npplying I'esin glut'S should be a douhlp-rubber-roll 
spreader, with ndjustn.ble. doetor rolls to control the amount of spl'end, 
The rate of feed should be n,\)oul 50 to JOO f(,('t PP1' minutt'. A single­
roH spl'elld('l' js suitubl(' for edge gluing, l::)uiLl1ble s('u.le's nrc csscntiu,l 
for chec'king glue sprend, 

;!17040·--(i1--(i 
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GLUING JIGS, FORlUS, CLAMPS, Al'I'l) HANDLING EQUIPlIlENT 

The type of jigs, beds, !1ndfixtul'es neccssary will depend l!1rgely • 
on the type of luminating to be done. H i3 desim,hlc that the jigs for 
curved work be )'('adily adjustable. The use of fixtures that are 
rigid aDd nonadjustab]p is likply to be costly unless large qlHUltiti('s of 
material of <J, giWll sizp and ('urYitture are TPCjuil'NL. .All jigs and 
fi:'(tures should 1m'mit tllp finished pat'lmg(' to 1)(' l'('adily l'pmovt'C\ 
from the f01'111, hut must he suilicien Uy strong and rigid to withslfl,l1d 
the prcssU1'('s of b('nclillg cu)'wd work to the pontou)' of the jigs with­
out being ddornwd. Flat 1>('cls for damping straight m('mbPl's 
should be of such construction flS will prevent the material from 
slipping out of pl!1cl' during the clamping op('m.tion. 

Provision should bp mad(' 1'01' tlit, mechanic!11 handling of hea\')' 
members by oV('J'lwad llOists, floor cranes, or other lifting equipment. 
The weigh t of the finished laminated matel'ial with the clamps added 
may sonu,tim('s be s('vpml thousand pounds and thPll sp('eial con­
siderat.ioll must. he giY<'ll to the handling prohlem. Overhead lloists 
may he most pffpC'tiv0, but floo)' Cril.fi('S can o,lso be used to o,civantagt' 
if they i\,l'P dpsignNi and siz('d to spn,n t]lt' gluing beds. If tl'ueks 01' 
dollies arC' lIsl'd, fI, fln.[ n.nd pl'pfrmbly level floor is necessary. Other­
wise the hed of till' dolly might follow the warping and slope of thp 
floor, Til(' paekag(' would til('n 1)(' ('\Il'('(l in a distorted position, and 
the distortion would he P<'l'manpnt. '['his danger is most pronolll1cpd 
in thin purkages, Pl'('('fl,lItiom; shollld be taken at all times to s('e 
that the lnminnipd packngPl'; in rdaining clamps are evenly and well 
SUppol'tt'd and ill ])I'OP('1' aiint'I11P11 t. .• 

Retu.ining damps should b(' sturdy fl,nd readily adjllstn.hlp for 
dW'(,l'cnt. sizes of packagps It is d('si.mblp tltfLt th(' ehtmps heLYe some 
comp('nsn.ting d('vice by whic'h the PI'l'SSlll'P will be appli('(l uniformly 
across the aS8l'milly. I-hl'lLm l'<'lflining clamps or oth('r typpl' of 
fmnl(> clamps (tll/l 1)(' us('(1. Theil' hends fLlld bases shOUld be suffi­
eienlly rigid to pl'evPtlL distortion during clamping and should he 
c~tpn.hle of mnintllining )'pquired loads. 

CURING CHAMUERS 

R('pu,l'!\.te curing ehamhpl'S m'e desimhlc for SOI11P types of gluing. 
"Vitli cl'l'tain (YP('s of In,l'ge 1l1('lllbers tlmt n.n' dWkult to hiLndle, it 
may he n('('C'ssu,1''y, 110\\"('\'('1', to Pl'('('lll'P or fully (:IJ)'(' tllp glu(' while 
the membc['sl'('main in lh(, jigs ill which tlH'Y B,re [ol'l11p£1, hpc'aus(' of 
tIl(' dfLnger of distortion wilPn thl')' an' l11oy('d (0 n, sppnl'll..tp curing 
chn,mIH'l'. If provisioll is mad.!' for {'ul'i.ng itl IL sepn,rtLte ehn,mbcr, it 
will he d('sil'ltllie to glue 11,11<1 ciamp the assembly 01\ 1110Yl1hl(' tl'uckf; 
or dollies. '1'11(' glupel mM('rin.!, th([s dnmppd, is stOl'Pti until a suffi­
cicmt quantity hu,s !>N'll nssl'lIlill!'cl to elmrg(' the ('uring chamber. 

Lo.mirl!1Lc'd ])l'o(/uets ghll'd wilh u,cllH'siws thiLt ('ul'e n,t ]'00111 lC'I11­
pcraLul'cs can be em'('d nd('C(utttcly ill tll(' room in which the gluing is 
done. If the adhesiws 1'('(lU il'(' P1evl1.tC'd tl'mJJl'l'll.lul'es fot' u,c/('qun.lc 
curing, how('v('l', h('lttC'd clmllll)(,l's })1'()Yidec\ with n.cenmle ('Ollll'ol of 
temp('l·n.tm'(> I1.wl lllllltidiiy !l.n~ 1l('('('SSIU'Y, Thp dosest I1Pl)J'O{l..eh in 11 

WOodworking pittl1t to UI(' kind of coutrol 1'('quil'Pc\ is lh(, intl'l'IHLL-fan 
dt'Y kiln, which s('ldolll, how('v(,J', hns hN'!l (\c>siglH'\l OJ' conslruetNI to • 
maintain UIC bigh('s~ (2100 li'.) Lcmp('J'aturcs and relative humidities 

http:temp('l�n.tm
http:u,c/('qun.lc
http:R('pu,l'!\.te
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required for this purpose. Curing chambers should be provided with: 
(a) Heating coils of ample capacity to heat the chamher to the 

required temperature (sometimcs as high as 210 0 Ii'.) in a period of 
about 2 hours. A heating unit installed as a return-bend system in a 
chamber not more than 50 feet long ,,-ill ordinarily, under thermostatic 
control, be able to provide a uniform temperature distribution. It is 
desirable to have the heating systt'm subdivided into several sections, 
so that only part of thl' heating coils neNI hl' llsed aftl'l' the ehamber 
is heated to the desired tempcrature. In longer ehambers, it is 
desirable to have a separate heating system for each half-chamber 
length, each sep1l.riLtely eontroIlpd hy a thermostat, to maintain 
uniform temperatur(·s. 

(b) Highly vaporlight and well-insulated building construction. 
The inner face of the cham1>e(' structlll'e should IH'(,\Tent the ready 
passag(' of \\'ateI.' vapor, ('rhe vapol' pre:;SUl'e within the c.tlring 
chamber at 2100 F. and 80 perc('nt l'clatin· humidity is approximately 
12 pounds per squa.J'f' inch, which will caUSe considerable vapor 
lcakiLge through structural openings, cracks, 01' permeable wall rna­
t('rials.) Painling the inside fae('s with 11 good grade of asphaltic 
],iln pn,iIlt is very helpful. Outdoor surfaces should not, be yu.por­
tight. In addition to being: Yaportigilt, the chamher should be well 
insulated against heat loss to a,void condensation 011 the interior faces 
of the chamber. 

The wall construction of fl· dry-kiln t.ype of curing ehamber may be 
of conyentionul hollow tile, bi'ick, or similar material. In smull units. 
\Taportigh t cell1enl-usb(,stos-hoanl intel'ior lining, n pplied over insu­
lating board. und intel'ior joints sea10d with IlspllUltic plastic are 
satisfactory for lIS(, inside en<'losed huildings. Hcqulrements for 
beating, humidifying, eirculnlioLl of nil', eooling, alld n.utomatic 
instrument control in such a smull chamber nre the same as those for 
lurge installations. 

(c) FOl'(~ed-ail' eireulatioll system. 'rhe unifol'Jll control of temper­
a.lure nnd relatiyc luunidity is mueh ('nsiC/' if there is mechanical 
equipment for produeing definite eireulatioll of the air in all purts of 
the ctu·jng ehiLll1ber. 'Phe eireulation of nil' in lhe curing ebamber 
may be reudily observed by releaSing chemical smoke (titanium 
tetrachloride) into the duunb('l' with th(' circulation systerl in opera­
tion. It is most pl'aeticn.! to do this while the chumber is cool. 

A curing chamber for certain appliea.tions NUl be p'ovided by 
enclosing the glued assembly, healing coils, und steUJll spru.y, with or 
without mechanicnl eq llipment for cireulating the a iI', with in 11rllbber­
treated CI'LIlyaS thatis highly nLpol'tiglrl. The IIsefullife of the canvas 
eo\'(~ring is relatively short, but it may bc pI'aetieal in eel'l!1in instances. 
Synthetie-l'ubber 01' portable plywood encloslU'es arc nlso used for 
this plU'pose. 

It is desirable to have the ClU'illg chambers located where escaping 
vapor will not interf('l'C witIr moisture eonditions in the plant. 

C(l) Equipment to provide high humidity. DUI'ing heating and 
curing n, liv('-steul11 sprar syslem ('ontrollod by a w('t-bulb thel'fl1ostat 
is satisfactory for supplying the required humidity, Steam sprays 
are undesimble during cooling, 110\\,0\'('1', sineo tll(')· willudmit heat 
also. 'rho use of a water mist Or fog injt'etcd in to the cireull1ting air 
by spray heads or by an air-opel'llted sprn,y gun is very e(re(~tive . 
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EQU1P~lENT FOR SURFACING GLUED PRODUCTS 

:Most cured glues tend to dull the kni\'es of surfaeing equipment, • 
so that it is uudesirn,ble to use finishing planers or jointers for the 
slll'faeing of glued products. 1.... portable planer of the t~'Pe shown in 
figme 41 is convenient for rough smfacing of either straight or curved 
members. Timber si.zers or shapers may also be used to acivantage if 
the dulling efl'ect of the glue squeeze-out is not too objectionable. 
Removing the squeeze-out by use of scrapers prior to surfacing 
willl'eduee the wear on planer knives. 

• 

.' 

M56277F 

FWI'RFl 41.-Portnble pinner used for surfncing ::;trnight or curved timbers. 

CONTROL INSTRUMENTS 

Cel'lain eontrol instruments may be consid(,I'ed ('sRential to the 
Cabrientor of laminal('(L materi.al. r'l'hey include: 

(eL) Equipment for d('lcrmilling the moisture eOlllent of lumber­
drying oyen, scales, and moisture. I)wl.('1'. 

An oven that can be opcrn.t('(iaL 2100 to 220 0 Ii'. with temperature • 
('ontrol is suitable. 

http:materi.al
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An accurate triple-beam balanee 01' its equivalent, eapable of 
weighing to 0.01 gram, is suitable for weighing samples for moisture 
determina.tions. 

A resistanee-t.'1)e moisture meter is suitable for rough checking of 
the moisture content of untreated lumber. 

(b) A screw t~'pe of micrometcr (oJ' its equivalrnt) lllNISlU"ing to 
0.001 inch, which is suitable fOl" measuring the thickness of lumbel" 
wlwll setting up the finishing planer and for checking stock thickness. 
Slip-on gages are cOllYcnient for checking the thickness of the surfac'lfl 
laminations. 

(c) A balance ca.pable of weighing ilcemateiy to 1 gram, ·which is 
suitable for determinution of glue spread. 

Equipment not always necessary, bllt useful in a laminaling opera­
tion, includes tbe following: 

(a) A compressometel" with gage, which is suitable for checking the 
pressures developed with difl"erent t,\l)es of damps when various 
amounts of torque are applil.'(\ lo tIle nuts. 

(b) Torque wrenches, which are suitable for measuring torq ue when 
applying and cheeking gluing damp prrS:'\Ul"e. 

(c) A potentiometer (elcetrie tbcrmoml:'ter) and thcl'tno{'ouples, 
which, when Hssemblies are bentl:'d in fL ('uring chamber, m'l.' desirable 
for determining temperatures within the package dW'ing beating and 
('ooling. These determi.oations ('.an be made necmately b~' the use of 
tllermocouples of the propel' t.\'pe for the parti('ular potentiomell.'r. 

Cd) Equipment fol' making gllw-joinL shNu' tt'sts. If lhe fn.hri('ator 
docs not llfiTe it, 1w should hnVl' n,va.ilabl" to him lhe sC'lTie('s of sOllle 
laboratolT to mak" Stich [('sts. 

(e) Eqllipnll'nt for making a('c,(,It'I'atl'll dC'lamiruttion t('st. (A~T-:\r 
Designation DllOl-50T.) 

METHODS OF EVALUATJOX OF PRODCCT 

'\'hr usrfuhwss of a laminatrc\ 111embet, is clC'tel'mint'd bv the lumtwl' 
llsrd and by till' gluc' joints proc\ucrd. 'I'h('sr cannot be fully C'\'alu­
fLied ll1rl'C'ly by tt visUill inspc('lion of till' finished PI'OrlUC'l. Adequate 
control of tIll' entire laminating Pl'O(,('SS is t'xtrC'meiy important, u.nd 
stalldardizl'Cl inspection of the materials H!ld prO('rssr8, as w('11 as 
glue-joint tests on sHmple material, is vrry hC'lpflll in asslll'ing til(' 
prod\lction of dependable glued members. Siner in many l~'p('s of 
tests for the quulit~· of glue bond in laminait'd mall'l'ial the test sp(l('i­
mens ar(' 10n<l('(1 to destruction, sll('h .methods Hl'e ('onst'qllrnlly not 
fLpplieable to whole tnt'tnbers intended fOl' lIS0. To obtain sampll's fol' 
tl:'sting, howeve'[', the membel's Il1fiY 1)(' Il1ndl' sonwwlHtL 10ngC'r thun 
l'l:'quired in usr and the extt'alrngtb ('an 1)(' cut 0£1' fOl" test sjwcinwlls, 
0[' short sample beams may be huninalecl, glurd, and cured und('r 
('onditions identical to the production run. Tbe quulity of Lhe glur 
bonds in these t('sL specimens und in the members intended for 
SLl'l1ctut'UI purposl:'s should be compamb1e, 

QUALITY OF MATERfALS 

The type of glue required is usually specified in a contraet, and 
whether it is being USl'd 01' not CUll be rcudily vcrified at the time' of 
fabrication. Determinn.tion of the type of glue in a finished product, 
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however, may require performance tests and chemical analysis. 
Evenf~(j, the quality of the glue cannot be differentiated from the • 
quality of the technique with which it was used. The grade of the 
lumber in the laminations making up a member may be readily 
checked immediately a.fter final surfacing but before gluing. The 
finished member can be inspected for defects appearing on the surface, 
for propel' spacing of end joints, and for open glue joints that may 
occur along the sides of the member. 

TESTING GLUE-JOINT STRENGTH AND QUALITY 

The adequacy of the gluing procedure and the initial strength of 
the glue joint can to a large extent be determined by the dry block­
shear test. 1-5tanda.rd block-shear specimens can be cut from the 
laminated product or from a sepa.ratc sample laminated beam. The 
types of shear specimens used in this test are shown in figure 42. 
Either the stairstcp or the standard block type of shear specimen 
may be used. The fermer is'soI\lmvhat more convenient to cut from 
laminated members. It is recommended that for each 6-inch width 
of laminated meITibe:' (me·asured across the width of the laminations) 
at least 1 shear test be made upon each glue line, and that the total 
number of tests per member tested be not less than 5. 

• 

GLUE 

ZM69813F 

FIGURE 42.-Stanclarcl block (A) and ,;tair-Rtep typc (BJ shcar specimens for 
testing glllc-joint :strength, 

A storage and conditioning pcriod of ,11, least 5 days at a temperature 
from 70° to 100° F. shollfd he allowed -betwcen gluing and testing for 
members glued and cUI'ed at room temperature. When assemblies 
have been hen,ted fully to cure the glue bond, sl)ecimens may be tested 
immediately upon being cooled to !'Oom tempul.'atlll'e. 

1-5hea1' blocks shoullL be tested in a machine equipped with the shear 
tool illustrated in figure 48. The load should be applied to the • 
specimen at a rate of 0.015 inch per minute plus or minus 25 percent. 

http:1-5tanda.rd
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FIGURE 43.-Shearing tOIJ[ and testing machine used in glue-joint testing. 

The breaking load should be expressed for each specimen in pounds 
per square inch of glue-joint area, and the percentage of wood failure 
occurring over the glue-joint area should be estimated. Shear­
strength values may be adjusted for variations in the moisture content 
of the woud by the usc of table 4. 

The shear-strength values given in thc column for 12 percent 
moisture content in table 4 are computed as 90 pOI'cenL ·)f the value 

• 
for clear wood. Adjusted strcngth values for othcr moisture content 
values bclow the fjbcr saturaLion point may be calculated by use of 
the values given in the last column of table 4. 
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TABLE 4.-Shem' strength oj glue joints in laminated construction oj 
different species at various moisture content values •

Moisture content Increase in 
shear 

strength 
for eachSpecies At fiber 1 percent8 12 16 saturation decreasepercent percent percent point or in moisturehigher content 

, 
P. s. i. P. s. i. I P. s. i. P. s. i. PercentRedwood__________________ 910 850 . 790 720 1.7Douglas-fir ________________ 1, 100 1,030 960 840 1.7

'Yestern herolock ___________ 1, 160 1,050 950 730 2. 5 
Pine, southern (shortleaf) ___ 1,360 1,180 1,020 760 3. 7White oak_________________ 1,940 1, 700 1,490 1, 140 3. 4
Sugar maple_______________ 2, 450 2,100 1,800 1,310 3. 9 

~ 

Specimens that show strength values below the required average 
for the speci.es and wood-failure values of 75 percent or more should 
be excluded in calculating the average of the test results. Specimens 
with knots, pitch pockets, or other defects in contact with the glue 
line should also be excluded in forming the average. 

MEMBERS FOR CONTINUOUSLY DRY USE 

Laminated wood products intended for continuously dry usc • 
(moisture content not more than 20 percent) should have glue joints 
that consistently meet the average strength requirements shown in 
table 4 when tested dry by the block-shear method, and, in addition, 
should develop average wood-failure values of not less than 50 percent. 
With good control 01 the gluing process, wood-failure values consider­
ably higher than 50 percent can be obtained with most species. 

MEl\lBERS FOR EXTERIOR USE 

I;aminated members intended for exterior exposure are expected 
to perform satisfactorily under eonditions as severe as continuous 
sOfLking in wate.', alternfLte sOfLking and drying, or exposUl'C to steam 
without serious delamination of the glue joints. Tests have shown that 
glue joints sufnciently durable for such exposures must develop high 
shear-strength fLnd wood-fn.ilure vfLlues and, in addition, must be 
highly resistant to delamination in cyclic son.king fLnd drying tests. 
The glue joints ill such timbers should meet consistently all the fol­
lowing requirements: 

1. Satisfy the shear-strength values shown in tfLble 4, and, in adcli­
tion, show average wood-'failure values of not less than 50 percent. 

The dry block-shear test CfLll be carried out quickly and might be 
used as n, continuous check on the production. For gren.ter assumnee 
of the adequn.cy of the glue joints for exterior service, the delamination 
test should be applied. 

• 
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2. Show a shear-strength value equal to 90 percent of :he value 
at the fib~'l' sn,tUl',ltion point (tahle 4), and an 11,VCl'age wood-failure 
value of not it'ss Llllll 7 5 peI'c~'u t 011 standard sLc·ar blocks that lu\,Ye 
heen boih,d in water for not It'sS t1lfln 12 hOllt's, thoroughly cooled 
by immersion in cold "'ater, and tested wet. This test is reeommeuded 
for checking wheth('r the glue is of a type suitablC' for extel'ior usC'. 
It is not recommench'cl as a daily COil trol t('st, but would be useful 
for checking each shipment of glue. 

8. Show openings in the glur joints ayeraging not morc than] 0 
pcrcC'nt \d1('11 testC'd according to either Pl'o('C'duI'c A or Procedure 13, 
which follow. For either test, Cilt :3 ('I'OSS spctions, ('ach with a kngth 
(along til<' grnin) of :3 indlC's, from [11(' laminatC'cl 1ll('llIlwl' or samplC' 
bcam, 01' pl'del'ubl,Y 1 spction from pach of thl'('p diCr('I'l'n( beams. 
Tllp pnel-grain sllI'fac('s of the sections should be cu( ot· sanded to 11 

smooth condition. 
Procedure A. Placc tl1(' tpst specin1t'ns in an auloclavp 01' other 

type of P['(,SSllI'P vessel and immPI'sP thpm in waJrl' at room tpmppratuJ'(' 
of 65° to 80° F. The sppcin1('ns should be weightpcI down to keep 
them submerged, find srparatrd by stick{'l's Ot· othrl' I1wal1S in such n, 
mannrl' that all end-gl'l1in sUl'f:u'ps hnyr ft-l'r aCCt'SS (0 (h(, wa(r1'. 
Dm\\' a yaCUllm of nt lrast 25 il1c11('8 of ml'I.'CUtT (at sea 1r\"(1) and 
mninlnin it fol':} hOlll's. Thrn rC']C'tls{' til(' ytlC'llUm and apply a pressure 
of 7;j ±5 pounds [Wt· SqU1ln' inch [01' :2 hOlll's. H('p('at this VfiClIUt1\­
pr('ssUt'(' ('yel(' with thp sp('cinwns f,till inlll1(,l's!'(l, making a 2-cyde 
impregnnting pC'riod r('C[uil'ing fl, total of 8 hOlll·S. 

Dry the sp('('jmens for fl, pl'l'iod of 88 hotlt·s (:3% days) in nil' at 80° 
to 85° F. and 25 to :30 I)('rcrnt l'l'lntiye humidity and circuiuting at f1. 
rn.te of at least 200 l'c·et per minutr. During drying, til(' specimens 
sholllcl be p1ac('(1 at kast 2 inches apart and with tlw ('nd~grain surfaces 
pa1'1111e1 to the stream of air. Repeat t.he entin' soitkin~-drying "ycic 
twice to compl'ise it total test period of 12 dnys. At the end of the 
final drying period measure the totnl length of 01)('11 glue joints 
(delnmination) on the end-grain surfaces of the spceinH'ns to the 
neurest 7f6 inch (0.05 inch). Failure in tlw wood due to checking or 
other eauses shoulclnot be regarded as clelnminntion. 

Procedm'e B. Soak the specimens hy immersing them in water 
at 1'00111 temperature for not less tJUlll 1.5 (lays, and then dry them 
as in Procedure A. After three soaking-drying cyelcs, mel1sure 
dda.mination as in Pl'occdlU'e A. 

Thc Loud kngth. of open glue joints on the two end-grain sllrfaceR 
of each specimen is expressed as l1 percentl1ge of the enlire length 
of the glue joints exposed 011 theRe ~mrfaees (except that glue lines 
al knot areas arc omitted), and this value is referred to l1S the perccnt­
age delamination of the specimen. 

As a substitute for an autoclave or other snita.hle pressure vessel, 
the type of equipmcnt shown in figure 44 JUtS beeIl L1sed successfully 
at the Forest .Products Laboratory in carrying out the test described 
under Procedure A. 

'l'his equipment consists of two water-softener tanks bolted in a 
vertieal posit.ion to f1 weldecl angle-iron frame. A \\'eldt'd iron-wire 
cage with slots large enough to hold the test sections fits into each 
tu,nk and keeps the specimens septtmtc(t and submerged. Water 
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FWl'l1.]'; +1.-l'r(>~lHlJ·e lank;; lillilablc for usc ill accrlcmtctl soaking-anti-drying 
test of laminalrd sections. • 
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pressure is supplied from the city watC'r line, lI,nd vacuum is obtained 
by use of a small suction pump. Each tank can hp operated separately 
and is fitted with a vacuum-pressure gage and a glass gage to indicate 
the w!),ter level. 

The frequency of application of the v[1,rious tests recommendC'd 
depends upon the type and size of members produced. Systl'maLic 
checking of the quality of the product, !lowen!", would lIndouhtedly 
be valuable in any operu.tion. The dry bloek-shear Ipst is Lhe least 
time consuming of tbe tests given and might he applied daily to a 
certain number of specimens. As previously mentiolled, Lhe boiling 
test would prohably be required only onCl' fOl· (,t1eh shipnwuL of glue. 
The cyclic lest might he required oecasiolllLlLy, hut prohably not nearly 
so frequently as the dry sl1('ar l('st. 

PRESEHVATIVE TREAT;.\;JE;\TS OF LA:\U':\"ATEJ) WOOD Al\D 
GLUING OF THEATED WOOD 

Glued laminated members us('d under eontinuouslv drv conditions 
are not suhject to dC'cay of the wood or deteriorn:tion·of thC' glup 
hy micro-orgttnisms, n.nd hoth wood and glup cn,n norllltl,lly be expeC'tpd 
to gi\Te long selTicc. Fire, ltowen'l", Cittl destroy hoth, and it is 
somC'times desirable to protect the member by trC'n.ting it with fin'­
retr.rdant chemicals. ThC's(' [J"C'alments may he given in the form 
of external pain t coatings bdo1"e 01" a.fler ultimat; instu.lltltion, wj th 
little possibility of damage to tIl(' gluC' joints. Pl'N;su1"l~-il1lpl'('gIlittioll 
treatments, howcver, with fil'c~l'l'tnrdn,n[ ehemicu.ls in wu,ter solution 
will likely dama.ge casein u.nd uren.-resin gluc joints hl'('I1.llS(, of thc 
action of the wn.tel" and subsequenL drying. If Pl"('SSll1'l' impJ'('gnn.tion 
with watC'r-borne chemien.ls is requiJ'C'd, it is l"l'l'omml'nded thtlt 
('xterior-type !"esins be used. 

Certain firc~retal'dant chcmicltls "'ill rn,isC' the equilihrillm moisture 
content of wood. Because of the higher equilihrium moisture eOIl tent 
of wood trcated with chemic!tls, some l'eduelion in stl'Pllgth of the 
wood can be expeeted and may need to be taken into ae(~OUIl t in 
stl"llctul"i11 design. 

The wood in members used under wet or humid conditions in eitJl(~r 
interior or exterior expOSl1l·(~ is subjeet Lo (If'clty, [mel its lIseful life 
mtty be apprC'ciably prolonged hy the ttpplicntioll of IH'('S(,l'\'lttin~s 
(10), The ability of the phenol, resorcinol, and melamine glues in 
well-cured join ts to 11111.i11 Lain theil· strength /l,lI(l resistu,II(,{' 1.0 d plttmi­
nation bevond the llsefulliJ'e of untreated wood oftellllltl,].;:es it dN;iJ'nhIe 
Lo apply·' pl'eseJ'vn.tives to the la,minn.ted member. Glue joints ill 
laminated memhers bOl1ded with these gilles are not appreciably 
affected by eold 01' hoL waLeI', oils, or most chemicals that do llot 
damage ,,'ood. Results of tests indiea.Le t11M such glued memhers 
may be treated with any Pl'C'sC'llt-day commel'{~il1.lIy llscd wood-pre­
sCl"Ying or fire-retardant chemica.! without n.pprceiltblC' damnge to the 
glue joint. Informu,tion on the perfOl'mtlllee of glue joints in l!tmi­
nated memhers tren.ted with wood-pl'(:sCl'ying n.nd IiL"C-retitrdant 
chemicals is limite(l tv weather-exposure tesls itnd selTice tests ex­
tending over a period of 5 to (j years, so that the con elusions just 
stated are subject to revision a.itel· flll"ther study a.nd tests. 

http:indiea.Le
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Less information is available conc('rning the ability oJ laminating 
glues to develop r.dequate bonds on lumber that has been treated with 
wood-preserving chemicals prior to gluing. Gluing of preservative­
treated lumber may often be advantageous, since treatment of lami­
nated members may be inconvenient, and sometimes impossible, 
owing to their size or sha.pe. Casein glues do no~; perform satisfn,e­
tOlily under conditions where the usc of preservative-treated wood is 
('equired, and only exterior-Lype resin glues are adequate for this 
purpose. 

In the case of oil-borne preservatives, such as creosote, results of 
tests have indicated that reso1'('inols and resorcinol-modified phenols 
will adequately bond southern yellow pine when the treatment is not 
sufficiently heavy Lo cause appreciable bleeding in suhst'qucnt surfn,c­
ing and gluing opemtions. Results of tests have indieated that red oak 
and maple also can be glued satisfactorily under similar conditions of 
treatment. 'Where bleeding oJ creosote occurs, removal of the exudc·d 
preservative by wiping with clf~lln mgs wns beneficin,l, and wiping 
with rags dipped in acetone was particularl~7 helpful. 'fo 1'emov(' as 
much as possible of the eX:-';ess creosote, it is advisable to stand the 
lumber on end to facilitate drainage. Lumher that was permitted to 
drain for severn.l weeks to sevemlmonths wus more eltsily glued than 
freshly tren.ted lumher. 

BUl'facing is Jl('(~e",sary nJier treatment and before gluing. he('ause Ow 
treatment often leaves a dpposit on the surfn.ce of the lumher that is 
likely to interfere with good bonding. The necessity Jor surfn.eing 
after treatment is, in one way, a disadvantage, l)('cl1use of 1'('movi11 of 
part of the lumber that has thc highest pl'l'servative retention. SUl' ­

facing of the lumhpr before treatment is thereJore desimhle, sinc(' it 
facilitates the usc of a lighter cut in the final surJu,eing of tIle lumh(·J". 

vVhen the treatment is with WILLer-borne chemiC'ftis, the moisture 
content of the wood is incren.sed n.pPJ'peiably. l'pon redl'ying, the 
lumber g(memlly is too varin.ble ill thickness to he suitablc for good 
gluing, and l'('surfltcing becomes ne('essary, S01110 water-homo pl'('­
seryativc and firo-retm'dn.nt ehemicn.ls used on wood Itppet11' to be 
compatible with certain laminating glues, 11nd n,d('q uate bond can be 
obb1ined if the lumber is surf'aC'(·d after LrealnwnL 'rhe daLr!' avu,ilahle 
nre limited, however, and t.he glue 111allufILeturel' should be consulted 
to ILscertnin the eompatibility of glue and trcntmCllt. 

In general, test l'('suHs hn,ye indicn,tcd illi1L satisfactory bonds eltll he 
obLained with many sppeit's-p]'csN"Yativ('-glue eombilHttiolls, hut thtLt 
procedures used when gluillg- llnLJ'et1ted lumber may 1111\'(, to ht· 
v!tried 1'01' Lrel1tpd lumber. For insll1llcl', hight'(, ellring ll'mp('l"I\,Lun's 
n1"(' oftt'n l"equin'd whc'll gluing Lreu.tl'd wood. 
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Part II. DESIGN 

BASIC FEATURES OF GLUED LAMINATED WOOD 

CONSTRUCTION 


Glued laminated wood can be used in a wide variety of structmes, 
such as buildings, bridges, aircl'll,ft, and boats. Its rersatility is 
enhanced by the fact that it cun be made to required forms and sizes 
without regard to standlU'd sizes and shapes and is free of the limita­
tions commonly imposed on timber structures by the sizes i1,l]d lengths 
of available solid milterial. Although large structures are usually 
laminated from mfl,terial in lumber thicknesses, it has heen found (see 
appendix) that laminating with veneer giY<~s compnrable results. 

Some designers of glued lfilllinal('d members hfiVC proposed that, in 
addition to the glue, meclu1I1icnl fastenings be llsed for joining the 
luminations. It should be noted, if such a procedure is contemplated, 
that mechanical fastenings of fill types can he expected to carry but 
little load until some relative movement of the joined parts has oc­
cmred. Glued joints will not permit the relative movement necessary 
to enable the mechanical fastenings to beeome fully efl'ecLive, so that 
the use of meeJu1llieu.I ffl,stenings to snpplement the strength of the 
glued joints is impmcticfl,l-they Cfl,nnot be fully effective until the 
glue joint has failed, and even then cannot be expected to provide 
shear strength equivalent to thfit provided by the glue. 

Beams of glued laminated wood may be pithel' horizontally or ver­
tically laminated. A horizonta,lly laminated befl,m (fig. 45, A) is one 
in which the> loads on the beam act in a plane normal to thp plane of 
the laminations, and is probably the most commonly used form. A 
vertically laminated beam (fig. 45, B) is one in which the loads on the 
beam act in a plane parallel to tbe plane of the laminations. In the 
horizontally laminat(·cl typE', edgE' joints in laminations that must be 
wider than the> hoards available need not necessarily be glued, since 
tbe>il' strength normally will not afre>ct that of the beam. In the vert ­
ically laminated type>, how£'v£'l', tll(' stre>ngth of edge joints in lamina­
tions is of conside>rablp importance, sinee their strength will affect the 
she>ar stre>ngth of the ]wam. 

Glued laminated eOllstruction is ptl,l'ticulndy tl,dn.pted to use> in 
arches or in curved beams, since laminations can be tlse>d that al'e thin 
enough to permit bending th£'lll to the require>cl curvature. Lami­
nated arches arc commonly designpd al:' 2-hinged (fig. 46, A) or 3-hinged 
(fig. 46, B and C). Arch designs involving fLxed ends should give 
consideration to the fact that, over a pc;-iod of time, the fLxity may be 
reduced by working of the connections that results from deformations 
due to load and from shrinking and swelling due to changes in moisture 
content. 

89 
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FIG URE 45.-LunlinuLl'd heU11lH; ,It, Uoriwntally lalllirltLl('d; 13, v('rLi('ully lamil1at!'(!. • 
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FIGURE 46.-Forms of laminated arches: A, two-hinged, constant cross seetion; 
B, three-hinged, constant cross section i C, three-hinged, variable cross 8ection. 

Arches 	and other curved members arc generally laminated hori­.. 	
zontally. In farm structures, vertically laminat('d arches of the type 
called "segmental arches" arc sometimes used. They U,l'(\ formed of 
boards having 1 edg(' sawed to the required curvature and assembled 
to form a member, a 01' more boards thick, with the end joints stag­
gered or altel'nat('d in adjacent layers (fig. 47). This type of arch, 
while it has been tlst'd in farm structures, is wasteful of material in 
that one or more of the laminations of a cross section including a joint 
is ineffective becaus(' of the butt joints commonly lls('d. 'n1(' arches 

• are uSlHtlly nailed, and the lack of shear l'('sistanc(' between layers 
tends to permit them to buckle. Even if the end joints were glued 
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scarf joints and tll(' layers were boncle'd with un aclhe'sive', this type 
"lOuld be' Op<.'ll to objection be'cause' of the' Iflrg(' numl)('l' of ('tid joints 
require'cl and b('ciulse of the' fact that, at most {'I'OSS s('ctions, lhe' di- • 
rection of grain of one or more layers would not coincide with tllt' 
direction of principal stress. 

1-- ][; : 
". :r 1.'. 

M28180F 
FmrRE 47.-Sketch of segmental curved member. 

GlnedlaminatNl construction may be' eombil1e'd with pl.ywood to 
form members having I, box, or other ('ross sections for use in beams, 
arches, or colnmns (fig. 48). Such constructions of tN' economy 
through the usc of laminated material in lllP ar('as of high tension 
and compression stresses and of plywood to r('sist shear stress. The 
amount of strength that can be gained by such a distribution of ma­
terial is limited to some extent by the influence of the form and the 
llt'ight of the cross section on the bending strength. Such designs do, 
however, promote efficient use of matN'inl by utilizing plywood, which 
is of relatively light w('ight and high sheaI' strengtb, to l'l'sist sheal' in 
the beam. 

• 


A 8 
FIGURE 4S.-Laminated confltruction combined with plywood: A, I section; B, 

box section. 

The depth of cross section at various points may be varied to suit 
the stress requirements by varying the number of laminations and 
tapering them to a smooth outline (Jig. 46, C). This is commonly 
done by building up the member to approximately the desired depth 
and ('lilting to th(' d('sil'NI shape on the convex surface. By this pro- • 
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ccdUl'(" the gl'l1in dil'cction of thc outer laminations near the convex 
surfac(' will not coincid(' with tll(' din'etion of pl'incipai stress. If the 
slop(' of gl'l1in with rcspeet to til(' dirrction of strt'SS bccomcs so ste('p 
by this procl'dUl'(, as to reduce thl' stI'ength below that used in design, 
a modification of tIl(' procedure becomes d('siruble, In this modified 
procedure, thl' arch is built up to all but a few inches of its final depth, 
is surfaced to a smooth outline, and sufficient conlinuous 01' rnd­
jointrd laminations ill'(' addcd Lo product' the rrqllired drpth. 

EDGE JOINTS 

If available mat('rial is not wide enough, laminations may be made 
of two or mo)'(' edg('-joined pieces. Edge gluing of the two pieces is 
sometimes unnecessary. For example, cdge joints in horizontally 
laminated beams do not, from th(' standpoint of strength rrquirements, 
need to b(' gluN!. From th(' standpoint of fabri('ntion, how('vPl', 
there ar(' ddiniLl' advantagl's to cdgr gluing, cven though strcngth 
rcquircments mny hr such as to pcrmit an unglucd joint. An cdg('­
glucd joint faeilitntes handling of thc matcl'ial in assembly, inasmuch 
as only 1 rath('r than 2 or more boards ne('d be handled. In v('rtically 
laminated beams, however, edge joints in those laminations requil'('cl 
for slwar l'csistancc n('ed to be glued to have adcquatc str('ngth in 
longitudinal shear. Edge gluing may be dcsiruble in out('l' lamina­
tions from the standpoint of appeiLranCe, Glucd l'clge joints, whcre 
l't'quircd for l'rasons of strcngtb, should be of high quality and as 
durablc as the glue joiuts bctween laminations. ,Joints made only to 
facilitate> handling in assembly may be of lower quality. 

A plain edgc joint (fig .. 49, A) offers an advantage OV('1' tongue-and­
groove and other types of edge joints in lIt(' case with which good 
joints may bc made \\'ith most sp('cies. Although the machined joints 
facilitat(' alinement and posscss the theoretical advantage of added 
gluing area, they are more wasteful of material, 1'equir(' special equip­
ment, and, because of difficulties in machining, may actually afl'ord less 
efi'ectivp gluing al'('a than docs a plain joint. 

END JOlN~rs 

End joints an' fl'(\(jU(\nlly requll'ed beLwepn pieces in order Lo provide 
laminations of suffieipnt length. Those mosL commonly used are the 
plain scarf joint (fig. 50, A), the stepped or hooked scurf joint (fig, 50, 
B), and the butt joint (fig. 50, 0). 

Glued buLL joints n,1'o not only cxtremely weak but quite variable in 
strengt.h. For this 1'('aS011, generally, no dependcncc is placcd on the 
strength of th(' joint, and butt joints, when used, are not glued, Thus 
butt joints, whilc simple to mn,ke, possess a sel'iolls disadvantage in 
that they curUlot transmit any tensil(' stress and can tmllsmit com­
pression "stress only after considerable deformation or when a metal 
bearing plate is tightly fitted bctwecn thc two pieccs. Extreme care in 
nssembly would be required to make the lattcr procedure effcctive. 
Normally, however, they are not considered to transmit any stress, 
oven in compression, so that all stress must pass around them through 
adjacent laminations. Butt joints are, therefore, scrious sources of 
stress concentration. They are, in addition, undcsimole in curved 

247040"-[,4-7 
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FIGt'lm 4!l.-8ollw tYP<'f; of edg(' joint,,; A, Plain; l:i, tongue-and-groove i C
J 

cir­
cular tongue-ancl-groove; V, dovetail. 

lamina.Lions because of their effect on intel'lam;nation contact in their 
vicinity. It is impossible to produce uniform curvature right to the 
end of a square-end piecej hence, in the vicinit,y of butt joints, contact 
between adjacent laminations can result only from pressure sufficient 
to crush the wood aJld that is likely to expel too much of the glue, thus 
making the joints between laminations locally defi.cient in resistaJlce 
to shear. This condition is illustrated by figure 51. 

Scarf joints, on the othe1' hand, mn,y be made to have considerable 
proportions of the strength of uncut bOH,rds, both in tension and in 
compression. Scarf joints are designated by the slope of the plane of 
the scarf with respect to the axis of the piecej this slope is computed 
from the ratio of thickness to length of scarf (blc, fi.g. 50, A), as 1 in ,. 
20, 1 in 15, or 1 in 10. Well-made SCH,rf joints of flat slope have high 
percentages of the strength of the UnCl;!t boardsj their strength in 
tension decreases percentltgewise with increasing steepness of the 
scarf, with the rate of decrease increasing rapidly for the steeper 
slopes. Plain and stepped scarfs luwing the same slope of the plane 
podion may be expected to have the snme strength except for the 
portion of the area oecupied by the step, which is ineffective in trans­
mitting stress. The steppecl scn,r{ oifel's some advantage in ease of 
positioning the parts of the joint and-although some strength is lost 
because of the step-it is markedly superior to the butt joint both in • 
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FIGURE 50.-End joints: A, Plaiu scarf: B, stepped scarf; C, butt.• 
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FIGURE 51.- Conditions at a butt joint in a lamination of a curvecl assembly. 
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strength and in the fact that each piece can be bent all the wa.y to its 
end to obtain intimate contact between adjacent laminations. 

Since scarf joints that are not well glued cannot be expected to 
develop the strength intended for them, and, since there is no way of 
evaluating the loss in strength resulting from poor gluing, special care 
should be taken to make sure that the procedures lIsed in tIll' manu­
facture of SCttrf joints for structural members are such· as to produce 
dependablt' results. As indicated under Gluing of Edge and End 
Joints, p. 42, pregluing of end joints is recommended for exterior use 
or service where maximum stI'ength is required. 

A modification of the plain scarf joint (patent pending) is in use by 
at least one laminator. This joint, illustrated in figure 52, consists of 
a number of oppositel}T sloping scarf cuts across the width of tIl(' 
lamination. With proper teclmique in the preparation of the scarfed 
smiaces and in the gluing of the joint, this type of joint should 1)(' 
essentially equivalent in strength to a plain scarf joint of the same 
slope. This equivalence would be limited to some extent by the fact 
that, if cross grain through the thickness and across the width of the 
lamination is present, some portion of the width must necessarily 
have the scarf slope "across" rather than ",vith" the grain. 

• 
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FrGt'RE 52.-Two versions of a modification of the plain scarf joint. Patent 
pending on this joint. 

The durability of scarf joints in laminated members is not well 
l'stablishecl. The indications are, however, that scarf joints of steep 
slope are less durable than those of flat slope. It would appear, then, 
tlmt the steepest p{~rmissible slope of scarf joint for ext.erior or other 
st'yere exposurp should be less stoep than would be lwrmittecL for 
interior use. vVhile the datu. an' not adequa.te to p~rmit exact recom­
mendations, it is suggested that, for exterior or other severe expOS1.U'e, 
(:lcarf joints no steeper than 1 in 10 be used. 

Several other types of end joints (fig. 53) have been used. Gener­
ally, they l1l'e designed to facilitate n.lillEiment of the parts and provide 
added gIuin~ area. As with edge joints, however, accuracy of fit is an 
important lactor in producing strong end joints, and inacc1.U'acies 
may actually cause a reduction in effective gluing area and result in 
reduced strength. Presently, the plain scarf joint possesses a distinct 
advantage in that it combines relative ease of manufact1.U'e with high 
strength if it has a rmfficiently Hat slope. • 
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FIGURE 53.-Two types ilf patented glued end joints used in laminating. 

End joints of 011 typl's f,n' most l'flicient wIlt'll thl'y hUNt' £liLt slopes 
thiLt e},,-POSl' iLS liull' enel gl·ltin iLnd ns much Siell' gmin fts possible in 
the surfn,cps to be glued. 

FACTOUS To BE CONSIDERED IN DESIGN 

The design of iL structure made of liLminiLted miLteriiLI involves 
consiclel'n,tioll of more fiLetors tlutn does thiLt of u, structure made of 
onp-pieel' me'mbel's. On the other hand, it permits better utilization 
of materiitl because' material cttn be plltced where its strength may be 
lh'st utilized nnd (:onsttUlt-slrength members can be designed where 
such a procl'dul'(' is l'xpeclit'nt. 

The numbN' and thickness of liLminiLtions to be used depends, in 
generiLl, only upon the thi01nlPss of iLviLiliLble miLterial and the size of 
the cross section required. As indicat,ed earlier, how·ever, for curved 
members, the incli,,-ic1uiLlliLminations mllst be thin enough to permit 
bending them to the required ct.Tvattu'e without diLmu,gc. 

Knots, of course, u;ffect the strength of laminated members to an 
extent t,hiL1, is eleppndent on tlwir size, number, iLnd location in the 
In.miniLtion. III heiLIns, their effect on strength depends iLIso on their 
10nl?itudinl11 position in the beam iLnd upon thp 10CiLtion of the lami­
nn,tlOn in the cross section of the member. Since iL knot of a given 
size hits iL greater effect on strength when in Ute outer laminations of 
a beiLm, most eHici('nt usp of m!LtcriaI can be obtiLined by using miLtel'iiLl 
oJ the higher gr'ndes in the outer liLminations and thn,t of lower grades 
in the iniwr liLmilliLLions. Knots in curved liLmilULtions, furthermore, 
mtty interfere with bending tlU' laminrtions to iL smooth curve and 
tlms prevent the intimiLte contltct bet\\rcenliLmiuiLtions thu,t is needed 
for the production of good glue joints. Other (ll'feels, such iLS cross 
gl,ttill, iLIso iLffecL strength, but llliL}' be taken into account by imposing 
limitiLtions thnt make their dfects similiLr in magnitude to those of 
knots of p<>rmittecl size. 

Ohecks lying in 11 horizontal plane, as in a beiLm horizontally 
laminated with eclge-geil,in bOtU'cls or in one vertically ltuninated with 
flat-grain bOiLI'ds, will affect shear strength to the same extent as in iL 
solid buiLm. Since material fo1' glued ItunilU1t.ed construction is 
generally (ll'ieel in reliLtively small thicknesses, checks do not occur 
frequently; certainly, the large checks thiLt are common in one-piece 
SiLwn timbers are not to be eJ.:pected. 

http:ItunilU1t.ed
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Shakes, if present in Ru.t-gru.ined lnminations of a horizontally 
laminated beam, will also affl'et. shear strength to the same extent as 
in a solid het/an. They sh.ould be excluded or placed in areas of low 
shear. 

End joints playa IM'ge part in determining the strength of laminated 
members. The indiscriminnte use of butt joints, E'specinlIy in beams 
or tension members, can result in n member of E'xcE'edingly low strength 
as compal'l'd to one made fl'Om continuous lnminations. On t.he other 
hand, the use of weB-spaced searE joints of flat sloW' will result in n 
member tlH1t has a high percl'ut.ngp of the strength of one with con­
tinuous laminn,tions. Other typE'S of end joints may bE' used, but such 
use should be based on data permitting the sound design of member'S 
in which they are llsE'd. In some eases, tests have shown thpm to bE' 
only slightly more cffieient than butt joints, so that thE' aclclE'Cl E'xpeuse 
involved in thdr manufacture is not adequately compensated for b}T a 
gain in strength. 

The form and height of wooel bl:!aUlS affect stresses at both propor­
tional limit and ultimate as computod by conventional methods. 
Thus, strE'SSE'S at proportional limit n,nd ultirnu,te, w'hen computpcl by 
conventional mE'thods, havE' low(>;l' valuE'S for I and box sections than 
for l'E'ctangull1r spdions, and lower valuE'S for deE'p than for shl1l1ow 
rectangular s('ctions. These effeds, therefc\"e, must b(' taken into 
account in tll(' (lE'sign of lwams. 

The bending of laminations for (,tllTE'Cl mE'mbE'rs induces stresses in 
such IMllinntions. Such stress('s 11.1'(', of cours(', gl·('Il.tN· for til(' sharpE'l' 
curvaturE's. AlfLl'ge PfL!'t of thE' strE'SS so indu('pd isrt'iipved by plastic 
flow, but tpsts indicn.tE' that tbl'rE' is some resid un.] stress. Design 
strl;'sses lllllSt bp 10w('1'('(1 to ('ompensfLtp for U1PS(' n'siciunl stresses. 

In geneml, tbl;' problcrns of analysis may bl' treatl'd by thE' snmE' 
methods as are emploYl'd with otill'r wood stmeturps. The samE' 
engineering formulas arE' gcnemlly applicable, and the S11me supplE'­
menlM'y problems of elastic stn,bility and fastening design mllst bp 
mE't. Cel'tain additiollfLl fr.etors must bp considered i these t)J'e dis­
('ussed later llndl'l' D('sign Considemtions fOl' Laminated 'IYood, 
p. 130. 

CAI,CCLATJON OF WORKING STRESS.ES 

Working stresses fLI'(' Llip stt'Psses appropdate for use in dt!sign. 
Those thaL fl,l'e approprin L(' in !111y givcn instnnee depend on n nllml)('l' 
of fefLtuI'PS of ('onsL!-lIctiotl, sueh as type and location of ("lid joints, 
size l"tud loen lion of' jH'I'miUl'Cl knots, sizt, vf l11('mlwl', and, in sonU' 
instll.ne('s, the t)lImbpr of lillninfLtions, It is eouvcniE'nt to stn,te the 
fLllowable working sll'E'SS in cneh sueh instance as n pet'centage of n. 
JixE'd basic stl'CSS, n,nd Lht'reby continue the pmetice in usc for solid 
t,imbel's. 

HASIC STHESSES 

Basic slr'essps for ollE'-pipc'E' sawn slnlctmal timb£'rs (det"ivcd It'om 
tests of smn,ll delli' s(w('imens), Ill::, rE'eonul1E'udcd by the FOl'cst Pro­
ducts Labomlol'Y, ttt'E' pub!ish('c\ by LItO Americn,1l :Society for Testing 
Materil1ls under designation D245-49T (1). It hus long been recog­

• 
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nized that the numerous factors nff(>ctill~ Ihp st!'en~th of wood and 
t.bp desigu of wood structures iuYolYt' a degl'Pl' of pngine('!'ing judg­
mpnt that pl'pdudps tIlt' dptpI'1llinn tion of basic stn'ssps by- any simple 
llla tllPlllnJi cal aunl vsis, . . 

Because the saulP factors fl.!'P consicklwl to 1)(' iny01yed in both, 
tbe basic stl'PSSPS for ItlIniuaLl'd tim bpI'S al'p I'pln !"t'd to those for solid 
timbprs, t,aking into aC'COllllt the bl'llefici:ll moist Ul'('-stn'llgth efreet 
fol' laminated construction uSl'd in ell'\' locntions. 

The basic stressps fo!' laminnJecl eoilstr'uetioll llSN1 in damp or wet 
loeations haye th('!'('fol'C' bpl'n takC'n to bt' IlIP snlll(' tiS tht' basic stresses 
for solid timber, TIH' bn.sic Stl'C'SS('S for InminatC'C1 eonstl'udion lIsPcl in 
ellT IoC'-ations hny(' b(,(,11 obtninNI from those for solid ('onsll'uC'tiol1 In' 
inc-I't'nsing till'm by ftn amollnt rdlpcting ttl(' il1('rl'ast' for cll',\cing appro­
priate to ench prolwl'ly. BpellUl:l(, tIl!' Yariolls PI'OIJt'l'tips 111'C' diffpl'­
pnt!y nfr('('tpd h y 11 1'('(1 u('tion in moist lire con tplll, I Itt' incI'pase varies 
from lOt 0 :r7 1~ 1)('1'('('11 t. 

The basi(' Stl'C'SSl'S of tablp 5 apply whell IllmilUllpd matl'I'ial is used 
uncler ('oneli t iOlls ('on lin 1I0usly dry, ns in most C'oYC'rpd Stl'lwtUl'C'S. 
Thosl' of tuhk 0 uJ1pl,v ,,"ll('n lurninulwl mat('ria.! is llSC'c\ unci('I' moist 
0/' ,,"pt conditions. TIl<' dlOl(,(, of yulups to hI' USNI l1H n bnsis for el<'­
sign is lPIt 10 thf' pngillN'r who litis k.nowl('clgl' of th(' conditions Ul1elpl' 
",bieb thl' struetuI'C' is C'XI)('('\('(I to SPITC'. It I'; not pm;sibl!' to spt lip 
nn,\" genPI'al nrlps to S(,ITC' in mnking till' choi('p. flow(',"p/', most 
I'xtC'l'iol' stl'lldlU'PS, such ns bridg!'s 01' to\\"<'I'S, should IH' dl'sigllt,cI on 
tl1<' hnsis of tnhl(' G, ('nr(' lI1ust lw C'x('ITis!'d in ('ltOOSiJI~ ynlups for 
cll'sign of buildil1~s. For C'xnmpll', it IIlI1.\" hI' n(,('pssIII'y to dl'sign n, 
complPlply I'nelosC'cl, IwntNI building on tll(' hasis of tn bl(' 0 beeu.llse 
of thC' PI'('S('ll('C' of pC'l'sis(C'nt high Illlmid i t,\" 01' II\(' prolmbili t.\" of ('00­

dPDSI1 tion. Exn.rnplps of suth n eas(' tu'p CO!l('I'(,(,p-pi pt'-tuaDllfaeLming 
plants 01' cly(' rooms in textilp lartol'ips, 

'l'be ynlues of both tnbles 5 and {j nr'c nppli('nbl(' to glued laminnted 
C'onstl'llclion onl~" when n,U Inminntiol1s fU'p Hl!'ai~ht-~I'nillP,d and frpe 
from sigattieant dl'feds. The Hexlll'nl-stTPss YIlIIIPS ItPfl~:\- clit'ceLly 
only to - lllPm bel'S of I'edn.ngula/' (,I'OSS section and 12-iueb depth; 
ntiues for other properties ill'P npplieable regardless of form or si%.e of 
[n~rnbel', The busie stl'PSS yalnes given nre npplien.ble /'egttl'dless of 
IIumbe!' or thickness of Jaminnlions. '['bat is, the stUtle btlSi(' stress 
in bending- would be llpplieable to i1 member 1~ inehes deep whether 
it Wel'e mud<' f!'om S luminntions l!-~ inehes think 01' from In lamina­
tions tbl'cC'-fourths illeh tltielc Sinee the busic sll'(,ssPS eOl'l't'spond 
with long-tillle loading, they 111'(' directl," npplictlhlt' wht'I'p the 1.11axi­
mum design load is continuous 01' ('wllUlaliYe for periodH of 25 to 50 
Yeal'S, They should he lllodifi('d fOl' othpr dUI'ntions of' 101tel. 
, As indiented in tables 5 nnd n, nn inCI'(,Hse of f)lIe-sixth in the basic 
stress fo!' ('erUlin Pl'oppl'ties is pel'm itted 1'01' Douglas-fir nncl SOLI them 
,\'ellow pine eonfol'ming to certllin rules 1'01' density (19). A similar 
inerense of one-fifteeut.h is permitted fo!' Douglns-fil' and redwood 
eonfol'ming to cel'tnin rules for rate of gl'Owl h. These inel'cnses arc 
n,ppli(mbLe to lluninntions conforming to thosC' requil'Clllents, Cel'ln:in 
eau Lions Lo be obscl'Yed in Lhe n,ppliC'at ion of these inereases nJ'e 
diseussed llll,er' . 

• 
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TAHI,E 5.-··Ba8ic stl'e!!f:!e.s for .strllctural members [mnil1ated from C[far materinl a.l1d 'undel' long-time sen'ice at ma.l:im1L1n o od('~ifln load and undel' dry conditions, as in most COZ'I!I'I,a siructures, jor use ill determining working stresses according 

to grade oj laminations and other applic.able factors 
~ 

SOFTWOODS o 
.-~--,~ - '-'-~r ' : I 

Ex! rcme fi\J('r; "f" . 1Compre:;:;ion ComprcsRiolJ Modulus of ~ 
. I!' '.' axtmutll IJerl)(,Il- •• • 
111 jell( mg or 110ll"it udinal. parallel to elastlCtt-y 111Sppcies 1 ~ ten,;ion p~rullpl i ~h('ar ! dtcul~r to grain bending 

to grtllll gramI ~ 
(1) 00 '00 ~ W ~ ~ 

t'J 
---~------ -~----~--.- - --. ~ 

P. s. i. P. s. i. P. s. i. \1,000 p. s. i. Z 
BalriPypresR (southern cypress) ___ ., ________ - -- ----- - - -- - -- .. 2, ·100 170 330 2,0001 1,300 f-' 

P. ,~. i. 

oC('rlar;;; 
],600 135 220 1,300 1,100Redcedar, wes(ern ____ ._. __ •... - - - -.- -- - - _.• -' - -.-. -. '" to 

115 105 1,050 000"-hitp·cerlnr, Atlantic (southern whit(' cedar; and Tlorlhprn_ I, -10O 
WhUp-cedar, Port Orford _____ ........ _ - _ . _ - - - - - - - -- -. -- 2,000 150 275 1, 650 1, 600 s1, 300Yello\\·-cedar, Alaska (Alaf>kn c('dar) _____ - _••• __ • - _. - -. -- 2,000 150 275 I, 450 

150 350 2,000 I, 800 Ul
Douglas-fir, cou..,t typ(' ______ -. __ - - -. - - - - __ - . - - - - - -. - -- -- -. 2, 750 
Douglu.<;-fir, cou."t typP, clo~p-gmined ___________ . __________ _ 2,(l50 150 375 1,800

2,150 I 1, 300 t::l 
Douglas-fir,Rocky l\Ioun(.ain type____ - .. _ - _______ - - - __ - _--- 2,000 135 310 1,450 t'l 
Douglu.'i-fir, all T('gioIlS, dense______ " - _ _ _ -- - __ - .. - - - - _. -. - -- 3, 200 150 410 2, 350 1, 800 ~ Fir, bal~am _______________________ - - -., •. - -. - - - -- -- -'-"-- 1,600 ll5 165 ],300 1,100 

1,200Fir, California r('d, grand, noble, and whit P. _ • __ .. _ .. - __ -- 2,000 115 330 1,300 j o 
Hemlock, Cu."lerIL ____ . ___________ ... - .. ----. - ... ----.--- 2,000 115 330 1,300 I J,200 ":l 

125 330 1,650 1,500Hemlock, w('stcrn (wcst coast hemlock).._ .. _ ... - ----.----, 2,400 > 
2, '750 150 350 2,000 1, 600 o 

~~~~~'c~;t~~~:\~.ilitc- -6J~~tl~~;~',~·ilitr)~ -l)O;l;l('ro:;~: ~~tg~~: -~t~rl-I' I:S owcst('rn ",lute (Idaho whtle)._____ ....... ____________ .• _ I, 600 135 275 1,400 1, 100 
Pine, jack___________• _______ • __ - - -. - . -- .... -- --_. - --- --.--l 2, 000 135 240 1,450 1,200 
Pine, lodgepole _______ • ___ • ______ • __ .... ___ ._ - _._ - -- - --- __ .1 1,600 100 2-1.0 1, 300 1, 100 ~ 

2,000 135 240 i 1,450 1,300PitH" refl (Xorwaypine) ___ • __ -- _-- -- -. - - - -. - - -- -- ---------\ ~ 
Pinp, ~outhern yellow____ - _______ • __________ -------------- 2, 750 180 350 2,000 : 1,800 t'l 
Pill(" :::outhern yellow, dens(' __________ - _____ c -- _ -- _ ---- - ----i 3, 200 180 410 . 2,350 i 1,800 

" 
~ 



• • 

------- ------

900 

;. i ..• 

Uerlwoocl ____________ • _. _______________________________ • _. j 2,200 l.i 5 275 1,850 1 
H('d\yoorl, cloRc-p;rainecL. _ ..... _____ .. _______________________ .) 2, ·100 115 205 2,000
Spru('(', l~ngelmal\IL ____________________________ -.. ____ .. _.1 ], -100 115 In5 1 1.100 
SprueI', r('d, white, and Sitka _______ .. - --------------------1; 2,000 ]35 1, ·150Tnlllltrack __________________________________________ •• ___ ____ 2,200 100 275\330 1, 850 

HARIl\l'OODS 

f 
A:;h, hlack ___ ... _____ . ____________ .. _____________________ __ J 

-~--

], ROO 150 330 i 1, 150 I,\,;h, ",hil(' __________ .. _____________ • ______________________ _ 2,5;30 210 550 1 2. 000
B('('ch, AnlPl'icUIL____ ... ____ .. ______ ...... ____ .. ___ _ 2, 750 2tO 2,200
Birch, ';\\,P<'I' aId yp\low __ . _________ .. __________________ __ 2, 750 210 2,200i,ig ICottoll"'ood,('n<'tpr11 __ •. __ ._. ____ . ____ . ___________ _ 1. ·JOO 100 165 I, 100 
Elm, Am('ricnn H.nd f<lipp('ry (whU(' ol':;of( ('1m) ______ . _______ . 2, 000 170 275 1, ·150
Elm, rock_____ • ____ • __ ' __ _ _. ______ . _ _ ____ __ 2, ?50 1 210 550 2. 200 
Hickory, (rue llnd prcnn ___ .... __ __ .. __ _ _ _ _ __ _ .. ___ 3, aDO, 235 HOD 2, 750 
~lnph', black nnd ~up;llr (hard Illnpl(') _.. __ __ . _____ • _____ _ 2,750 . 210 5:")0 2, 200 
Ouk, red unci whitl'_ ____________ ... ___ . ______ • __ . __ .... 2. ,,}50 210 550 1,850
Hwrl'tp;nm (rl'tl or:;np p;um) _._. _____ . ________________ __ 2,000 170 330 I, ·150 
Tupplo, hlack (blnckp;umL __ _ . _ _ _ _ _ _. __ . _. _____ ... __ .. __ _ 2, 000 170 1, ,150
Tnp('lo, waipr.______ _ ___ . ________________ ••• __ _ 330 ! 

2.000 170 330 1, -150 
Ypllow-poplur - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - t 1,800 150 2·10 I 1,450 ' 

{ I 
1 SpeciC'f; !lump,; fr011l approy('(1 ch('c\r li~f, U. R. 1"01'(':'[ Sl'r\'ic£', 1 !l-I·I. (\)Il\llH'reial d('~ip;l1ationH arp shown in par('ut1wscs. 
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TADL1~ 6.-Basic stre881's for structural membet\~, i<rminaied from cleat' material and undet, long-i.i·me sen,ice at maximum 
de.~ign load and 1/.ndel' wet conditions, for use in determining working 8tresse~ a!Jcording to grade of laminations and 0 

~ 

other applicable factors 
..,:;

SOFTWOODS t:'l 
Q 

.. _- .. -- .-­ gj
i Extrel1le-' fiber I Compression Compression Z....Maximum Modulus of in bending or . perpell- parallel Lo (")

Species 1 horizontal elasticity in :>­
tellsion parallC'1 . dicular to grain t"shear bendingto grain grain L/d= 11 orless tdi c:: 

(1) (2) r (3) (4) (5) (6) t" 
t"I 

t=: 
>-3 ......

P. ,~. i. P. s. i. P. s. i. ! P. 8. i. 1,000 p. 8. i. ZBaldcypress (southern ('ypre';R). ______ • ___________________ ], 000 150 220 1 1,450 1,200 ...Cedars: <::>Redceciar, western __ ..• __ .... _•..• _._. ______ .. ______ C>1,300 120 145 950 1,000 

W~~~l~-_C~~~~~ _:=~I~~l.t~~ ~~~~~l~~r_n_ ~\~I~i~~ _c_e~~~~ _~I~~ ~~~r_t~l~_1 
<0 

], 100 100 130 750 800White-cedar, Port. Orford. _______ • _ _ _ _ _ ___ ______ __ ._! ~],600 130 185 l,200 1,500
Ye!IOw-ceciar, j~laska (Alaska Cedar) ___________________ j l.600 130 185 1,050 1,200 !JlDouglas-fir, con...'it t} pC' _____ • _________ . ___________________ 2, 200 130 235 1,450 1, 600

DouglllE-fir, coast type, close-grainecL _____________________ 1:;;2, 350 ]30 250 1, 550 1. 600 r:;Douglas-fir, Rocky -"fountain type____ . ____ . ______________ 1,600 ]20 205 1,050 1,200 'C
Dougln.'l-fir, all regions, dellse _____________________________ 

l 

2,550 : 130 275 1, 700 1, 600 ::Fir, balsam _________________________ .. _________________ 1,300 100 110 950 1,000 0FI" c,m""I, rod, gm"d, "oblo, .nd whit•.•.....••.•.....1 1, 600 100 220 050 1,100 "'lHemlock, en.'ltern _______ ~ _________ . _ ... __________________ 1, 600 100 220 950 I, 100 :>-Hemlock, western (\Yest Const. hemlock) ___________________ I, 900 110 220 ], 200 1, ,100 c::Larch, western _______ • ___________ . ________ . _____ • ______ ;;;::2, 200 130 235 1,450 1, 500 
Pine, en.<;[ern white (northC'rn white), ponderosa, sugar, and S 

western white (Idaho white) ____________________________ c::
jack_________________________ ____________________ I, 300 ]20 185 1,000 1,000 t"Pin~ ~ ,..,1,600 ]20 160 1,050 1, 100Pine, lodgepole. ________________________________________ c::I, 300 90 160 050 1,000Pine, red (~orway pine) ________________ . ________ . _______ ;;;::1, 600 120 160 1,050 1,200 t;:l

Pine, southern yellow____________________________________ 2, 200 160 • 235 1,450 1, 600 

• , • . 
". .~..~ 



-----

----
I 

800 

.. • .. ••
• 

PiIw, southern yellow, dense _____________________________ _ 2, fifiO 160 275 l,700Redwood _____________________________________________ _ 

1, 750 100 185 1, 350Redwood, close-grained_________________________________ _ 1, !l00 100 195 1,450Spruce, Engelmann ____________________________________ _ 1, 100 100 130 800
Spruce, red, white, and Sitka__ _ 1, 000 120 185 1,050Tamarack________________ _ I, 750 140 220 1,350 

-~~--

HARDWOODS 
----------------~-------...---

Ash, black _______________________________ _ 
1, 450 130 220 850Ash, white __________________ _ 


Beech, Aulericau __________________________________ _ 2,050 185 305 I, 450 

2, 200 ]85 365 1, 600Birch, sweet and yellow________ . ________ _ 2, 200 185 305 1, 600Cottonwood, eastern _______________________ _ 1,100 !i0 1]0 800Elm, American and slippery (white or Roft elm) ____________ _Elm, rock___________________________________ _ 1, GOO 150 185 1,050
2, 200 185 365 1, 000Hickory, true and pecan ______________ .. _______ _ 2, 800 205 440 2,0001\Iaple, black and sugar (hard maple) _____________________ _ 2,200 185 305 ],600Oak, red and white_______ . ___________________ _ 2,050 185 305 1,350S\\-eetgum (red or sap gum) • ____________________________ _ 1,000 150 220 1, 050Tupelo, black (blackgum) __________________ _ 1,000 150 220 1,050Tupelfl, watl)L ___________ c ___ _ 1,000 150 220 1,050Yellow-poplrlr____________ . ____________________________ _ 1,450 130 160 I l,050 

------~..---
Species names from approved check list, U. S. Forest Sen-iet', 1 n·~·L COlllmercial rlesignatiom; arc shown in parentheses. 
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MEl\1BERS SUB.mCT TO FLEXURE 

In rnemb(,l-s s11hjert to flexure, moment of inertia is to be computed 
nbout the gruyit~" axis of the full CTOSS sert ion, 

A mm1ber of fnctors must be considered in ('omputing working 
stresses based on the fenJures inyolved in the member. These include 
end joints, knots, cross grnin, depth or form of member, und CUlTa­
tlu'e of laminations, The first four of these Ure n.oL ttcGllmulative, 
Thnt is, tlle (me of these that gkes the lo\\"est factor by whirh to 
mUltiply the bnsie stress is the one determi.ning the strength rutio of 
the member, 11'01' curved members, however, the efrent of curvature 
of tbe laminations must be Gonsiclet,ccl :ill ndclition to the other etrerts, 
For examplp, if knots ,rete ron trolling in a member, t11ld gave a factor 
of 080, und the ClU'yuture [aetor were found to be 0.90, the strength 
ratio br which to multipl~" the bnsic stress would be 0,72, 

Since tests have indien.ted thu t the efred of various fnctors infl u­
eneing strength is different for borizontnll.'" than for vertically Imni­
nutee! members, they ure treated separntely, 

Pr01'ision,Q applica,bll' to both 8traight and currf.d ml'mbl'rs,-Th.- pm­
....isions with n:sped to rne! joints, knob:;, and cross gmin nre npplieu hl(' 
regarcliess of wilriber the member is strnight or curved, '1'hesr, 
being most imporlant, UTe tren ted fir-st nne! separatel,\' from t,hose 
pl'ovisions tba t rrin Ir onl,\' to ('lIlTl'd members and consequentl:. 
have morp limited uppliefltion. 

End ,1oints.-.Kumemlls 1l101'e or less i.nt1'icflte shnpings of the ends 
of pie(~('s to hI' joined fire in eOn1mon usc in woo(l\nll'king, hut no 
general rules hnYe been t'stnhlished for the str-ength of till' I'esuiting 
joints, COllseq !Ienll,\', pr.)yision is Illllde hen'tn only for hutt joints 
nncl [01' gilled plain or s(rpped sf'fld joints, Dnta from tests of seYeml 
other Vpes nre included in the npPclldix, 

When n,ch'qual(' duJa arc Ineking on which La bnse limitations of 
slopr, spneing, and placement, and on which to cakultlte allowable 
design sLrpss('s, it is I'('comm(']l(\('d Lhu,t typ('s oth('r than those dis­
cussed IH'rein 1)(' uSNI anI)' if tlH'Y are plaeNl a.nd u'ra.ted, in t,he 
cakuln.tion of d('sign strrssps, as if t.IH'Y wp1'(, butt joints, 

End ,Joints in comprt8sioll portiol/ of crOS8 8I'ction,--··BuH joints 01' 
nongluNI joints of otll('r t,\'P('S Ina,\' bc' used in UIP eompn'ssion portion 
of tJ1I:' erOfiS s('I'1 ion, pro\'id!'d ihnl nIl lnminnliolls at a Hingle cross 
section 111l.Ying such joints 111'(' disn'gnrded in computing the momNll 
of in(,l'Ua.. 11 is slIggI'siNI thnt but L joints in a.d,jacpn t Inmill!1 lions 
be spar-ed apart oll('nst 10 time's till' Inminution thir.klU'SS, 

Ko modification of 1l10nH'nt of illertin. or of working stress need Iw 
made fO!' glupd pluin scnrf joints hn,ying n slopp not stl'('I)(,I' than 1 in 5. 
Thpre nT(' no rrquir('menls for spacing of scnrf joints ofl i.n 5 slopt' or 
flatter wh(,1l 10r.aL('d in Lil(' eompl'pssioll portion. of th(' (TOSS sC'etion, 

End ,Joints in tl'1I8ioll portion oj C1'088 8tl'tiOll. -j\ ccuratdy fi tted and 

• 


• 


.. 

well-glued plain searf joints (fig, 50, A) an' pC'rmiLLed provided th(, 
maximum sln'ss nJ, the joinI does not exceed the following percentages 
of the basic Ile:~I:ural stress: • 
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FABRICA'l'ION 0]<' GLUED LMITNA'l'ED WOOD 

Scarf-joint faclor 
Effectiye slope of scarf: (pacent) 

1 in 12 or flatter"______________________________________ 901 in 10_______________________________________________ 85 
1 in S__ • ____ ._ _ _ _ _ __ _ _ __ _. ___________ . ___________ • _ _ 80 
1 in 5. _._ _ _ __ _ _ _ _ _ _ _ _ _ _ . ___ .. __ _ _. ______ .. __ • ____ • • _ 65 

Accurate])dlttE'cl u,ncl WE'll-~luE'd stepped sen.l'f joints (fig. 50, B) may 
he used at I:hE' stress mLill~s s1wci:fiE'd abo\-e, b11 t the portion of the 
thickuE'sS of tlll' lamination oeeupil'd by t]1(' step (dimension a, fig. 50, 
B) should bE' disl·e~n.l'(l('d in eomputing the momE'nt of inertia. In 
applying thl' stn'ss I'Mings to stepped scarf join ts, the slopE' of scarf 
to he eonsi<lC'('('d is Gmt oJ tlH' pla11P pn,I't of t11t' join t--th3,t is, the 
ratio of b to c, as shown in figure' 50, B; thE' s]op(' is not to be talcE'n as 
the I:hl('kness diyidcd by I:hc distanee between the tips of thE' joint. 

ThE' pl'oport ion of end gl'Uin nppeal'in~ ou [1 searfE'd slll'faee will be 
greatly iucreased if tbe lllaterinJ (.0 be splieed is somewhat (TOSS­
grained and the scarf is made n.cross mther than in tile general direc­
tion of the gl'n.ill_ Sinet' end-gl'flitl gluing is more difficult thn.n side­
gmill gluing and results in weakt'l' joints, it Jo11o\\-s thn t, where cross 
gl'Uin within the SPCCifLCcl aceeptn bIe limits if; present, n.11 scarf ('uts 
should be mn.de in the generul dinwtion of the gmitl slope_ From the 
st.nndpoint of simp1i('ity of mal1ufad ul'ing procedure, it is desit'able 
to CuI the scarf slopes without l'egnnl to tilt' directioll of gmin slope. 
If tbis is clone. it is sllg~est('d thntit be asslltlled that searf cuts are 
nlways llladt' Oppos(·d to ~rll in slope 11 nd tiln t thE' steepest. grain slope 
pel'Il1itt(~d in tbe gmde is nlwnys present. Design would the:rl be 
based 011 the efJ'e('tiw sCilrf slop(' ratil('J' t1tnn on the actual 0[' apparent 
sparr slope, The cfrectin' scnrf slope eOl'l'espOJHling to n. ('.ombinatioD 
of n.c.tual Seill'J slope nud slope of ~rnin mny be fOllnd f[,om figure 54. 

, :'P'k----r-------r---~---_r---,__--_,__--__, 

"- I 
Q:: -~,.--s::~" ~ --...-...-.,.- -.... ----+-----je-----l----l
"( ':'0 
\.) 
<r) ("""0-", G': I 
~ ~f~__J-___~___+-__~ 
~ 
Cl 
-.J 
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~ 
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\.) 

4.J 
l:: 
4.J 

n ).::-.,p;::----'----:-,.-':,::-o--....L---:1, ::-::8:-----L--:--,L:6:---......l----l,.- 4 

ACTUAL SLOPE OF SCARF 
M 66617 F 

FIt1UUE 54.- CUfves fcllLtill~ crrecth'e slope of scarf joint 1.0 actual slope of scaff 
joint whcll scarf cut is lIladc opposed to grain slope. 
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Test results show that, where scarf joints in adjacent laminations 
are closely spaced, failme progresses more or less instantaneously from 
the joint in the outer lamination through the others. Adequate 
longitudinal separation of scarf joints in areas of high stress is, there­
fore, desirable to prevent \'teakening of the member beyond that which 
would result from the outelmost joint alone. Itis suggested, therefore, 
that a center-to-center spacing of scarf joints of at least 24 times the 
lamination thickness be maintained in areas of the member where the 
stress is at or near the maximum allowable value. 

The nature of the failures in test is such as to indicate that, with 
closely spaced joints, failme in the outermost joint results in partial 
separation, from the rest of the member, of the lamination containing 
the joint. Sufficient separation of this laplination results in a beam of 
reduced depth at the location of the adjacent joint; stress at this joint 
is immediately excessive, and the joint fails. The amount of joint 
separation required appears, then, to depend on the ability of the 
interlamination joint to resist the suddenly applied "peeling" stresses. 
On this basis, the amount of sepamtion l'equired seems to bear no 
relation to the strength of the scarf joint, and it appe,Lrs necessary to 
apply the same spacing requiremen ts regardless of scarf slope. 

On the other hand, the likelihood of failme of scarf joints stressed 
well belo,," the allowable value is small. It appears feasible, then, to 
reduce the spacing requirements in areas of low stress, as at the center 
of the depth of a flexure member or in areas of low moment. No data 
are available by which to su bstantiate any proposed method of varying 
spacing requu·ements. It is suggested, ho\\-ever, that minimum scarf­
join.t spacings be permitted to vary linearly from Ot in areas of zero 
stress to 24t in areas of maxunum allowable stress. 

The maintenance of a specific pattern of scarf-joint location, such as 
is contemplated above, necessitates either a preliminary layup of the 
member prior to spreading the glue on t.he laminations or considerable 
care in the lengths that are sea,rfeel together to form a full-length lami­
nation and in llssembling such laminations. ~fanufacturing problems 
may be such as to preclude either s~Tstem. In such a case, it is sug­
gested that the requirement for a specific pattern of scarf-joint sepa­
ration may be waived if the strength ratio (scarf-joint factor) applicable 
to a joint of a particuhtr slope be reduced from those suggested earlier. 
It is suggested, in such a case, that the following scarf-joint factors be 
used. 

Scarf-joint
factor 

Effective slope of Rcal'f; (percent)
lin 12 or flaltC'L ___._________________________________________ 851In10______________________________________________________ 80 
1In8______________________________________________________ 75 
1Iu5_______________________________________________________ 60 

This sl.lggest€'d change in procedure should not be taken to indicate 
that no attention need be paid to sepamtion of scarf joints. In 
assem bIy, a conscious eHort should be made to avoid concen trations of 
scarf joints ancl to keep them as well separated as possible. 

The limitation of stress at a joint applies to interiOl'laminations as 
well as to the lamination at the tension face. In a beam \\·ith 40 equal 
laminations, for example, the stress at the Oll tel' face of the second lam­
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ination is 95 percent of that at the outer face of the bottom lamination. 
Hence, jf the bottom lamination were continuous and the second 
lamination contained a scarf joint sloping at 1 in 12 at the critical 
section, it would be necessary to restrict the ,,·orlfing stress (stress in 
extreme fiber) to about 95 percent of the basic value in order not to 
pxceed the 90 percent permissible at the outer face of the second In.rill­
nation. 

Data given in the appendi..'\: indicate that the strength reduction 
resulting from butt joints in laminations in the tension portion ofthe 
cross section of a :fieA"l.lre member is greater than would be computed by 
simply considering such laminations to be inefl'ective. Because of this, 
it is suggested that, wherever possible, butt joint~ not be used in the 
tension portion of the cross section. If, however, it is necessary to USf' 

them in such positions, it tis suggested that the procedure outlined 
above be used in computing the net moment of inertia, except that the 
net moment of inertia so computed should be fUt'ther reduced by 
multiplying' it hy a factor of O.S. Butt joints should not be used in 
top or bottom. laminations. 

Effect oj knot8 on fie.1'1LTalstl'esses.-For bending members ,,"ith knots 
in the laminations, the l)('rcentage, Fit, of the basic flexural stress to be 
used in design is in ncconlance ,,"ith the design ClUTe shown in figure 55. 
The abscissa of this curve is X=fr,jIG , ,dH're IG is the moment of inertia 
of the full or gt'Oss cross sed-ion and I K is the sum of the moments of 
inertia of the el'oss-spctional areas of nIl knots within 6 inches of a 
single e1'osa spction of a beam, both values heing computed about the 
gravit,v axis of thp full ('I'OSS spction. 

1.0 --- - -.-,---,--~---.~-.,-----.,---.,----. 
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Frr:nrRE 55.-Drsign eun'c rcll1tinr: aIlowl1ble flexurnl sf.reRs to moment of inertia 
of areas occupied by knots in ilLlIlilllLlions of i!1lninlLt.ed beams. 
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With no restrictions on the location of knots within the member, 
some assumption must be made as to the concentration of knots about 
a critical cross section. One possible assumption is that the maximum 
permissibl(' lmot occurs in ea,ch lamination at the critical cross section. 
Experience indicates that the probability of such an occurrence is low 
and, therefore, that this would be a highly cons!:'l'vative assumption. 

It is lmown that, within any grade, the ma:ximum permissible knot 
occurs only infrequently and that some portions of many pieces con­
tain no lmots at all. It would seem, from this, that the sums of knot 
sizes within I-foot lengths should follow some pattern of probability 
of occurrence. If so, it should be feasible to relate this probability 
pattern to the probability of occurrence of vru'ious knot concentrations 
in a laminated member. With this, a lmot concentration at some 
sufficiently cons!:'rvativ!:' level of probability could b!:' used as a basis 
for establishing working stresses. 

A study of sev!:'ral couilll!:'rcial grades has indicated the feasibility 
of such an approach. The study is discussed in the a,ppendix. 

Each commercial grade of lumber may bee).."pect!:'d to have its own 
characteristic distribution of knot sizes. Working str!:'sses bas!:'d on a 
study of lront-size distribution for a sp!:'cific gra.de cannot, therefore, 
be translated into working stresses for a clillerent grade or a different 
species. 

In establishing working stress!:'s for random a~s('mbly of lamina­
tions, it is suggested that th!:'y be based on a study of the distribution 
of the sum of knot sizes in I-foot lengths hy th!:' method described in 
the appendix. Lacking such an ru)alysis, it is suggested that working 
stresses be based 011 the assumption described earlier-that each lruni­
nation contains a lmot of maximum permitted size within 6 incht's of 
the critical st'etion. 

Both the Southern Pine Association and the V\Test Coast Lumber­
men's Association have published stresses for laminated constructioll 
that are has!:'d on th!:' statistical procedUl'!:' just d!:'scribed. 

The statistical method d('scribed in the appencli.x may be applied to 
beams containing laminations of a singl!:' grad!:' or to beams containing 
laminations of two different grades. The m!:'thod gives strength 
mtios applicable to the beiLm as a whole. It is possible, where tht're 
is a considl'rable diif('rence in quality hetween tha inner and out('1' 
groups of laminations, that the inner group of Iarnillations may l)e 
overstressed by the application of such strength ratios to the basic 
stress of th(' outer group of laminations, particularly where the outer 
group is close-grained or deuse anel the iunor group is neither close­
graineclnor druse. In such cas('s, the possibility of overstress in the 
inner group of laminations should he checked by the procedure 
described in the !),PPl'ndix. 

In cases wh:·~rc it is not feasible to sruup]e the gmde and to go though 
the probability analysis, but an estimate is clesin~d of the str'ellgth 
ratio that would be obtainod by S11Ch antlnalysis, the following pr'o­
cedure may be used, First, calculate the value of hi]G a.pplicable 
if it were assmnecl that thl' largest permissible knot were present in 
every lamination ut the critical cross section. Second, multiply this 
v:alue by the orclinU'6(' to the curve of Jiglll'(' 56 for the propel' number of 

• 


• 

• 


.. 


laminutions. Thrn, with tlJis mocLifiE'cl vuJue of hlIG' dt't<'r'mine the 
applicable strength ratio from the curv(' oHigure 55. This procedure is • 
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'. based on a consideration of the relative values of IK/IG by the two 
methods for the grades studied, and the factors suggested are only 
appro).-imate. In general, however, they are prf>bably sufficiently 
conservative to provide a satisfactory basis for estimating strength 
ratios that may be expected from a probability analysis. For use in 
design, one of the two procedmes suggested earlier'should be used. 
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FHWRE 56.-Relation between yalues of lKllo suggested for use in determining 

strength ratios for use in design of bending members and those that would 
have been determined by considering the largest permissible knot present in 
every lamination. 

If it be assumed that the largE'st permitted knot is present in every 
Inmination at the critical cross section, it is obvious that the value or 
IK/IG is equal to the ratio of ]rnot size CK) to finished lamination width 
(b) for beams in 'which all laminations are of the same grade. That is, 
IK/IG=K/b. Oomputation of. the value of IK/IG based on the samE' 
assumption for a beam consisting of a combination of two grades may 
perhaps best be explained by an example. Oonsider a beam of 15 
laminations in which the outer one-fifth of the depth on ea,ch side 
eonsists of laminations in which Klb = X and the inner three ·fifths 
consists of laminations in which K/b=%. Thus, all laminations may 
be considered to have K/b=%, ,yith the central nine laminations 
haying an adclitiona.l K/b=K The value of IKIIG resulting from the 
first part is K The central nine laminations contribute, because of 
their position in the beam, only C(5)3 to the moment of inertia, so 
that the value of IKIIG resulting from the second part is (~~) (~{6)3. 
The value of IK/IG for the beam, is, then, 

lx/IG=7~+ }W1.)3= }~[1 +(7i6)3] =0.304 

It is, of comse, possible to limit mot concentrations in the assembly 
of beams and to develop, from the concentrations permitted, methods 
of computing applicable values of IK/IG. In general, this would ,re­
quire a layup "in the dry" to insure complmnce wit.h the restrictions 
on knots. Except for special cast's, tbis wouM probably increase the 
labor cost to such a (legl'ee as to be impl'!1ctical. 

247040'~-54----8 
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One such procedure, however, appears relatively simple of applica­
tion and, as will be shown, will result, in some instances, in appreciably 
higher strength ratios than can be permitted for random assemoly of 
laminations. In assembly, the knots in all the laminations within 6 
inches of 11 cross section may be restricted to two of the largest knots 
permissible in the grade or to the equivalent in smaller knots. In 
such a case, it should be assumed, for purposes of design, that 1 knot 
of mv·ximum permissible size occurs in each outer lamination at any 
cross section where all laminations are of the same grade; or, where 2 
grades are combined, that the 2 knots of maximum permissible size 
are in positions that give the greates.t value of Ix/la. 

Under this assumption, for a beam consisting of laminations of a 
singlegrade, the arrangement is such that the value of IIdla is simply 
the product of the ratio K/b (K=maximum permitted knot size in 
the grade, b=lamination width) by the ratio of the moment of inertia 
cf the outer laminations to that of the whole cross section. 'rllis 
latter ratio, for beams consisting of various numbei's of laminations, 
is shown in figure 57. Thus a beam consisting of 15 laminations of a 
grade in which K/b=O.25, would have a value of I K /la=O.25 XO.:~5= 
0.087. 
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FIGTJRE 57.-Relation between number of laminations in a beam and the ratio 
of moment of inertia of certain laminatiOllS to that of the whole cross section. 

For a combination of grades, where the outer group of laminations 
is clear, the assumption of knot location must be modified to place the 
ma~1.un permissible knot in the outer lamino,tions of the centrn,l '. 

http:K/b=O.25
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group. In such a case, the value of 1 K:l10 ,,-ould be the product of 
K/b by the ratio of the moment of inertia of the laminations in which 
the knots are assumed to that of the whole cross section. '.rItis latter 
ratio is shown also in figure 57 for laminations located at various 
distances from the outside of the beam. As an exampk, consider a 
beam of 15 laminations with the '2 outer laminations on. each sid(' tlear 
and the remaindN' of a grade for which maximum K/b=0.'25. Tlien, 
assuming a knot of maximum permissible sizE' in each outet" lamination 
of the central group (thiw lamina.tion from (~a('h sid('), hi10=0.'25 X 
0.178=0.0445. 

For other combilultions of gl"ll.d('s, Uw knots in LhC' out('r lantinations 
of the outer group may control; or, where the number of such lamina­
tions is r('latiYcly small and tb(' difl'er('oee in knot siz(' is In.rge, the 
knots in the inner group mn.y control. Where two ~ra(lPs Me com­
bined, then, the maximum pennissibl(' knot cOlTC'sponding to the 
grade of the out('r group of laminations may he nssunl('d to be in the 
top and hottom huninn.tions, 0[' thE' la.rg('st p('rmissibh' knot corre­
sponding to the grade of thE' inner laminations may 1)(' assumed to be 
in the o'.!ter laminations of this group, witiC'ilC\-(,l' gin'S th(' hi~hcr value 
of 11\/10 , 

Caleulatioos such as nrC' described abon~ han' been cn.rricd out for 
lll'ams eonsisting of "arious grn,dps and combinations of grades. The 
corl"l'spollding st.['(,I1~th ratios lu'e ~iY('tl in tn.bles 7 and 8. A com­
parison of LllPSP tables with st.I'pngthmtios based on tll(' pl'obability 
analysis d('scribC'Cl in tht, a'PPt'ndix for l'n.ndoml~T nssl'mblNllaminntions 
shows tha,t, in somp instn.ncps, n,ppl'N·,in.bl~T higltl'l' strength l'nJios mny 

TABLE 7.-Strength mtios a8 determined by klIols for beams cOllsigtin{j 
oj laminatiolls of a single grade al1d hewing not more than :2 ma.rhnllm­
size knots, or equ.il1alent, within 6 'incheg oj any cross section 

Strength rufio~ for laminul iOIl~ of grade 1 

Xumber of llLminutions 

1 2 3 4 

I2.. ________________ . ________ 1 
O. 	 sn ' O. 66 O. ·12 0.23 
,b7 I .66 .44 .2(i43...-----------------.---------1. . __ _ 
.89 I .70 .50 .325 __ • ______ • ___________ • __ •• _

6._. ________________________ _ .90 I .7·1 .50 .39 
.92 .78 6'1 .467. ___________ • __ ._. ___ • _____ . 
.93 .81 .67 ,62 
.9-1 .84 .71 .58~-=::===:==:::-=::=::=:==:===l . !)·l .85 ' .74 .62 
.96 .86 .77 .66 

20 __________ • _______________ _}g:::::=:::=:::===-::::==::::I .97 .92 i .86 .79 
.I)S · ~l+ j . flO .8ii25 __________________________ _ .1)8 .96 .92 .8D30. ___________________ . __ .. _. 
. fl8 .96 .9.j .9135 _______________ • __ •.. ____ _ 
.99 .97 i .95 .9340. __ . ______________________ _ 
.99 .98 : .96 .94 

50 __________________________ _ .99 · flS I .96 .95 
46 _____ . ____________________ _ 

.9H · fl8 .97 .95 

1 Grn.de deSignations are sorting claSHes. Sec appendix p. 13S for further dis­
cussion, 
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be assumed where knols are restricted in the manner outlined above 
as compared with those that may be assumed with random assembly. , f 

It is possible that the higher strength ratios possible may result in f.'
sufficient advantage to offset the additional cost in.-:.urred in applying 
the restricticill during assembly. . 

Tn general, it may be expected lilat laminated members will be made 
of laminations, all of which will be the same thickness. In special 
cases, however, laminations may be of different. thicknessps, as where 
a thin, clear piece may be used as an outer lamination £01' appearancl'. 
For such cuses, care must be taken, in evaluating the etl'ect of knots, 
to take into account the actual thicknesses of the yadous lamiU!Ltions. 

A somewhat different concept from that just described hus been 
found by test not to be conservative. With this concept, it ,,-as 

TABLE S.-Strength mtios, as determine.d by knots, for beams consisting 
of 'various cmnbtnatio7ls of 2 grades and hewing not more than 2 ma.l'i­
mum-size knots, or eq1/iralent, 10itldn 6 indws of an], crOSS 8ection 
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T.:.\BLE S.-Strength ratios, as determined by knots, fOt· beams consist­
ing oj various combinations oj 2 grades and ha~ing not more than 2 
maximum-size knot8, or equivalent, witkin 6 inches of any cr08S 
section-Oontioued 

3 I"UUNATIOXS EAC"II S!l)E UIGHER GRADE 

Strength ratio,; (or laminatiO,llS of grad('s t 

!\umiJ('r of 

laminatiolls 
 ----~-----~--~r~--.---.-~------

0-1 Q-.2 0-3 0-4 1-2 1-3 1-4 2-3 2-4 3-4 
------ -- '--' 
8______________ _ 

I. 00 l. 00 1. 00 0.99 0.94 0.9·1 0.94 0.84 O. $4 0.719 ______________ , 
10____________ _ L 00 .99 .99 .99 .94 .94 .94- .85 .85 .74 

1. 00 .99 .99 .98 .95 .95 .95 .86 .86 7715____________ __ . 9\) 20_____________ _ .98 .97 .96 .07 .97 .96 .92 .92 .8n 
.9il .98 .96 .98 .96_0 ______________ _ 	 · H5 95 94 .94 .90?­30______________ _ 	.99 .98 .96 .95 .98 .96 .95 .9n .95 .92 
.99 .98 .97 .95 .98 .97 .95 .96 .95 .9435_____________ _ 

40______________ _ .99 .98 .97 .96 • IlS .97 .96 .97 96 .95 
45 _____________ _ .99 • SIS • \17 ,9n .98 .97 .96 .97 .9(i .96 
50 _____________ _ 	 .99 • 9:8 .97 .96 .98 .97 .96 .97 .96 .96 

.99 .99 .98 .97 1. 99 .98 97 .98 .97 .97 
-------'--,-------_. , -,~--.:...----- ~---------'---

---------------~--------------------
10 _______________ 1. 00 

1. 00 1. 00 1. 00 O. 9:> 0.95 0.95 0.86 O. 86 O. 7711_____________ .. L 00 1. 00 1. 00 .99 .96 .96 .96 .88 .88 .7912____________ .. 1.00 
· 99 .99 .99 .96 .96 • \Hi .90 .90 .8213_______________ 1. 00 
· 99 .99 .99 .9G .9() .mi .90 .90 .831-1. ____________ ._ 1. 00 
· 99 · H9 .98 .97 .97 .97 .91 .91 .8415 ______________ .. 99 
· 99 .98 .98 .97 .97 .97 .92 .92 .86

20______________ 	 .99 · 98 .98 .97 .98 • H8 .97 .94 .94 .9025 _______ '" ... ___ 	 .99 · 98 _97 • \)6 · !lS .07 .96 . H6 .96 .9230______ ... ____ ... 99 
· 98 .97 .96 .98 • H7 .96 .96 .96 .94

35_._ - - • __ - .. . .. 	. 99 · 9S · H8 .96 .98 .98 .9(i .97 .96 .9540 ___ .. _____ . __ . . 99 .98 .98 · \)7 .98 .98 .97 .98 .97 .9645. __ .. _____ ._ 	 .99 .99 .98 .97 • \)9 .98 .97 .98 .117 .9650._____ '" ___ .. _ 	 . 99 • H9 .98 .97 .99 .98 • H7 .98 .97 .97 

I Gracie designation:; arr :;orting c'la!is('R. :::ice appendix p. 138 for further dis­
russian. 

C'onsidl'l'ed that, ,,-hen the outrr lttminatiQns of n. heam are clear, no 
reduction in til(' strength of the beam is caused b;r a knotty interior 
lamination, proyided i 11(' mtio of its stl't'ngtb to that of a clear lamina­
tion is at lenst as great as the ratio of the streSS in thr knotty lamina­
tion to the stress in the extreme fiber of the beam. A comparison of 
t.est results with fiber strrss('s computed by this method, however, 
indicates that the conc('pt is not cons('n-atiyE.' and thn,t the method 
involving the USE.' of figure 55 gi\-es more acceptable results. 

~lateri!ll graded tmder stress grade rules for joist and plank is 
commonlY llsed in laminated beams. These gradt,s haye different 
limitiLtions on deIcwls in different parts of the piece. These differences 
are bused on the assumption that the piece will be used in its full size 
us a simple beam, either edgewise or fiatwise. When such a piece 
is used us a, laminn.tion of a horizontally laminated bettm or arch, the 
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more severe restrictions on knots near the edge of the wide face, 
based on possible use edgewise, are no longer necessary. For such 
use, therefore, the knot size permitted at the center of the wide face 
under joist and plank rules could be permitted anywhere in the piece. 

The variation in stress along the length of a piece usee! fiS a part of 
the length of a lamination in a long beam may be much smaller than 
if the piece were used alone fiS a simple beam. Thus, the provision 
ior limiting concentrations of knots in the center half of the length 
of a piece of joistund plank grade (par. 440, Lumber, American 
Standards for Softwood Lumber (19» should be extmded to apply 
to any part ')f the length rather than to the center half alone. 

It should be noted that stress··grade material is inten~lecL for use in 
the size in which it is graded. Any stress-grade macerinl that is 
resawed or ripped for use fiS laminations must, therefore, be regradrd 
b:y tho applicable rules. 

Effect of cross gra.in on jle;w1'al sl'resses.-For beams with cross 
grain in laminations, the percentage of the bfisic firxural stress to bt' 
used in design is in nccordnnce with tnble 9. In general, the strength 
ratio will be limited by the cross grain in the outel"Inost lnminations. 
Inter.ior laminations should havethr cross grain so limited that thl'ir 
strength is at lenst suffieiently high to resist the strcsst'S imposed on 
them, assmning thl' stress in the beam to vary linearly from a maxi­
mum at the outermost fiber to zero at U1e neutral plane. 1i'or eXfi,llJple, 
suppose the outer laminations contained cross grain having a slopr 
of 1 in 1G. The strength ratio of the beam, so fn,r as cross grain is 
concerned, would be SO percent, assuming cross grain in the interior 
laminations was pJ'opedy limited. 

Cross g:nun in interior lnminations could be limited so as to be not 
steeper than 1 in 16: the same strength ratio could be used, howe\Tel', 
wHh Gteeper Cl'OSS gntin in interior laminations. For example, lamina­
tions between tbt, neutl'al plane and a point about one-eighth tlll' 
distance from the' outer fibers to Lhe neutral plane could hav(' slope 
of grain 1 in 12 without causing reduction in the' str('ngtb ratio. 
Similarly, laminlttions between tbe nelltl'al plane lmel It point about 
three-eighths the' distance from the outet' fibers to the neu tral plane 
could have n slope of grain. of 1 in S. Similar relations, of comse, 
can be ';,,~:,kecl out for other combinations. 

It will probltbly b(' most convenient to establish a strength ratio 
based on the etfeet of knots Ilnd then to linlit cross grain in such a way 
that the strength I'atio for cross gl'ain is as large ns 01' lIu'ger than that 
resulting from knots. In this connection, it should be noted that, in 
the stnletW'ltl grades of joist and plltnk, cross-grain limitations are 
established to conform with the strength ratio resulting from knots, 
nssuming the piece to be used as It one-piece Sa\yn timber. Strength 
ratios based on a probability analysis of the OCClUTenc(' of knots in 
randomly assembled laminations (see appendi.x) are considel'ablv 
higher, because of knot dispersion, than for one-piece sawn timbers of 
the same gmde. '1'he same is true for members assembled with 
limitations imposed on knot concentrations in the manner described 
earlier (tables 7 and 8).

If advantage is to be taken of these higher strength ratios, then mort' 
severe limitations on cross gmin, at least in the OlltCl' groups of 
laminaLioJls sllch as the Oll tel' 10 perccl]t of the depth, must be imposed 
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than are imposed by the grading rules. This necessitates an addi­
tional inspection and segregation for Cl'OSS grain. Such additional 
inspection should not create a serious problem in manufacttlre, 
howf\ver, since samples of a number of structmal grades have indicated 
that high percentages of the pieces have cross grain of 1 in 20 or 
£tatter. 

Cross-grain limitations are not generally imposed by grnding rules 
for grndes other than 'ltructlll'al. Therefore, additional inspection for 
CI'OSS gntin, where thobe grades al'e llsed, is a necessity, 

TABLE g,-Strength ra.tios corresponding to varimlS slopes oj gmin• 

iHaximu!l1 strength ratio 

Rlopp of grain For sf rt's,; ill For s(,rps:' in 
('xf nm1P filwJ' ('olllprps;;ion 
in bl'udiul{ OJ' parall('l fo 

for ('U:-;iOll grain 

(1) (2) (3) 
----------------_ .. _--.------- .. --

Perccllt Percent1 in G. _._. ___________________ • ___ • __ ._ ... __ _ 5G1 in 8 .•• _. ________ • ________ .. ______ ••.. _. 53 - (j(jI in 10 . _ . ____ • __ • ___ .• __ ... _. ___________ ... 

• 
G1 7·11 in 12 .... _____________ • ___ .. _______ ._ 
011 i 82I in ]4_ .. ,, _____ ., ______ •. ......... ________ _ 87
_ 74 II ill ];) _________________ ... _____ .• _ 70 100

1 in HL _.. ____ .... ___ ... _•. ____ ..... .. 80 _•• _. __ . ___ • __ 
1 in 18 "'" _... _ _ _ _.. ___ .• __ . _ ..... _ _ _ _ _ 85 _..... _______ _
I in 20 .. __ • ___________ .. _ • _•• _ _.. ______ _ 100 j_____________ _ 

Local (1 (·,-ial iOllS or graill al'(' gPllC'l'alJy diSl'('gal'ded, only Ul(, general 
slapp being llH'flSUI'('Cl. In many sl I'lletUl'PS this ,,-ill be' satisfact.ory, 
bUI ('au lion ill this L'pgflJ'd should bC' ('x('l'cisec\ in (lit' rno.llUfnctul'c of 
nat't'Ow m('mlJC'L's such ns rnftcl'S, In such lllC'mLwt's, fI, 10('.0.1 gl'l1in 
dp,-in.lion may affect ali, or I1NLt'l\- all, of t11(' ('t'oss s('C'lion of a lamina­
tion, WhC'l'plU;, in a ]al'gt'L' membpl', onl)' a l'l'lativply small propol'cion 
of the lamination ('I'OSS S('('tiOll ,,'auLd b(' weak('ued. 

It is suggC'skci Lhtll pip(,ps cou Laiuing lTOSS gl'l1in sLeeper than 1 in 
8 not bC'- used for tll(' In.minfllions of gluNI laminated structuml mem­
bers, 'Yhilp th<' dirwt pfFC'('t of CI'Oi'lS gL'ttin on stl'ength eould be 
('yttluatnd so as to p<'rmit tbp IISP or mnt<'rial baving steeper gl'ain 
slop('s, Lh<' O(,(,UlTl.'nee of such sLC'('p slopes is like'ly to r('sult in sevel'e 
warping -and twisting with ]'('sultant high sLI'e'ssPS when sueh piee{'s 
arc dnmpcd in gluing, 

E:tfect of knot8 Or! 'lY/O(/'It/U8 of elasl'icifll,-Resul ts of tpst;s (see ap­
pendix) show Iho.t th(' rn{ldulus of elasUcity of mombers subjcet Lo 
Jlexlll'c d('C'l'ensps with ill(Telising IK/la, The Iwlut'tion iu many enses 
will be On LllP OI'{l ('I' of 5 p(~I'eent 01' less, In view of Lhis and of the 
farL that definC'Lioll is noL eriLicnJ ill many insttulCl'S, it will frequently 
be sn,tisfactory to use Lho busie yaluo without reduction, 'Where more 
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accurate evaluation of modulus of clast.ie:ity is required, the value may 
be computed by multiplication of the basic value by the appropriate '. 
factor from figure 58. The value of IKIIa for use with this figure is 
the same as ,that described earlier for determining wOl'king stresses in 
bending. By having the stren~th ratio for bCllding stress, figure 59 
may be used to determine the strength mtio for modulus of elasticity 
directly. 

-i---. 
~ 
~ y=[I-(IK/IGI 2j 

~ 

""'" '" ~ \ • 
0.1 0.2 O.J 0.4 0.5 0.6 0.7 
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F[OCRE 58.-Design curyc for laminated ucall)s and long and intcI'Itlcdia1c columll~ 

having klWl~ in laminations and relating allowable modulus of elasticity to 

moment of inertia of areas occupied by knots. 


Perhaps of more importance than l'elatively minor variations \Vitll 

grade is the necessity :for adjusting values of modulus of elasticity 01' 

using other means for taking in to account the deflection that oceuI'S 

undN long-continued lOfl,d in addition to that which occnrs imme­

diatel}, upon n,pplication of the load. This is discussed later in 

gL'catcl' detail. 


PI'OlriS?:ons applicable only to curved members.-The above discnssion 
. of straight laminated members applies equally to curved members. 
Om·tain additional factors are f~pplicable, however, to curved members. 

The efl'eets of cnd joints,knots, cross !?\'ain, and depth of tnembers 

are applicable to curved as well as stratght members. In addition, 

laminn,tions of ('m'ved members must not contain knots or other im­

perfeetions that, when the laminations nrc ben t to the l'eq uired mU've, 

en,use loealized irregular'i ties in tbe eunrature. Ol' prevent dose contact 

between laminations. Thus laminaLions containing very Inrge knots 

are likely to be' usn,hIe only in straight members 01.' in CUL'\Ted members 

of comparaLivuly large radius. 
 • 
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Effect of C1u'vat1LI'e of laminat·ions.-Becl111Se of strcss induced when 
laminations n.re ben t to titr req uirecl form. the allowable flexural stress 
in curved members is less than in straight members (see appencli'(:). 
The ratio of the allO\mble stress in curved members to that in straight 
members is expressed by the ClU'vatut'e fn.ctor 

Fc=l.OO-2,OOO (tlll)2=l.OO-~Jij~~ (1) 

w1101'(, I is tll(' thi(:kllrss of a lamination and 1l is til(' radius of the ('Ut've 
to whiehit is brilL. 

1\0 CUl'Yl/,tUI'P factor is to be applied Lo stress in straight par'Ls of a 
member, regardless of the ClU'vatmc in other portions. 

• 


M91860F 

Frm'nE 59.-Hpiatioll hptween Rtr('n~th ratio for streRS in b()ndin~ ILnd that for 
1tt·)duiuR of I'lustil'ity in bending. 

Radial ten.'!ioll or compressioll.--IYh('n a (,lilTed memht'l' is subjected 
Lo a bending monwu t, a stress is indu('ed in tl radial dirC'C'tion and thus 
at righl angles to Lhe grain. The maximum mttgnitllde 01 Lhis stress 
occurs at the neuLml axis and is, approximately, 

(2) 

where:A1 is the hending momellt, 1l is lite l'IHlius of C'.lu'vatUl'e, alld b 
and h al'C, respectivpl,Y, titc wid Lit and lwigllt of thr ('ross se{,tioll. 
'When 111 is in the diJ'PC'tioll ltmding Lo dec'rease the C'UI'Vfl.tUI'C (increase 
the I'adius), t his stress is tem;ion: n.lld when 1\1 Lends t.o in('I'(Hlse t,he 

'. ('Un'n.lUl'C (decroase t.he /'adills), the sU'ess is eomp!'('ssion. 
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Values of SR should be limited to those ShO\nl in column 4 of tab.\('s 
5 and 6 for stress in compression pprpendi('ular to gra.ill. J..Iimita,tions 
of data make it difJjcult to establish reliabh· basiC' sll'rsses for trnsion 
perpendicular to grain. It is suggested, however, that those (,Ul'VPd 

members subjeeted to bending moments that produ('E' stress in trusion 
pe1'prudicular to grain be so proportioned that this strrss will br-hcld 
to not morr than about our-third (for softwoods) or Llu're-eighths 
(for hal'ch\-oocls) the \\-orking strrss in shra.1'. 

YERTICALLY LAi\ll:\,ATED i\m~IBERS 

Gluecllamiuated membC'l's with nrt.icallaminalions have /)ren l('ss 
e)..-tpnsin'lv studipd by test than hn,ve thosC' wi.th hori20ntalln;min,tl­
tions. Availablr tesC data indiea.t(' that the dE·sign eurn shown i,n 
figure 55 is not a.ppliea.ble (se(' aplwndi.x). It is suggested that 
la.minat,ions be graded in a.ccordanee with thE' Forest Products La.hora­
tory's recoIUlll('nclations as gin'n in the "Wood Hnndbook (7), and 
that aUowa.hle flexmal stress bp computed b:;- multiplying Ib(' basic 
flexural str('ss by the gradE' factor Fo• which is ecp.LILl 10 thp strpngth 
ratio of the grade, or, whp1'p Lbp various laminations elitrpl' in gradp, 
is equal to thp av('!'age of t,he strC'ngUl ratios of the laminations. In 
computing t11p gmdC' fn.('(ot' (n;nruge stt'Pngt.h 1'111io) for a mprnbPr 
eonlaiuing laminn lions of ditrpring gmti(" til(' st I'pngt h !'filios of th<' 
indiyic1un1laminntions should 1)(' ,,:('ighl('(l a(~cot'(ling in t Iw proportion 
of the ,,-iellh of HH' Itlpmb('1' o(,(~\1pi('c1 b:;- th!' ('oIT('sponding Iml1ina­
tions. Thus, ir laminations O('('upying t\m-thinls till' width had u 
strength ratio of 0.7f) find til(' rPllll1ind{'l' had a str!'ngtll ratio of O.O:l, 
the grade faet,or would b{' 

F u=('2 x 0.7f)-{ 1 x O.O:~)/:~ 

=0.71 

For use in dry loeations, (il(' s(rc'ngtll ratio is not to IH' i,wI'casecl for 
the effect of drying as PI'o,"jd('(1 in t he Wood Hand book, sinGe this 
C'treet has been ineorporn.ted into Ihp liasie stTpss('s of tahl(1 f). 

The samc allowann(' for pnd joints is 01l1.<le' as fol' horilloutally 
laminat('d memi.><'l·s. To JH'o,-idp a<!p<jua.tp shNtt' resislanep, Yl'l'ti­
emily laminaLed beams l'<'q nit'(1 t Iw lISt' of OIll'-pi('('(' OL' (ldgl'-g-iupd 
lamina.tions in thosp laminations I'PquirNI 1'01' shptu' l'('sistfl,nee~ 

F',\,CTOn FOI! IIEIGHT A:\,D SUAPE OF ,BEAi\1 

Unit strength vahle'S dC'n,loppd in tests of wood b('fimS whC'u ea.lnu­
lated hy Llsufll engiu(,(lring- ml'thods ha.ve be('D found to \'a.I)' bot h 
wiLh thE' height of 111(' b('atl1 nnd tll(' shape or form of llH' el'oss seelion, 
D('e1'eas(' oeeurs as til(' Iwigb t inrrpnsC's, find \-nlm's JOt· I and box 
hpa.ms an' fOLlnd to 1)(' lowpi· thnn t1l0sp for rC'C·tu!1g'ular "pams or tIl(' 
SfLlllE' height. An ('mpil'ienl formubl thnt ('XI)1'('SSPS (Ill' I'l'lation is 

p () '1 [1+(112+14:.3 ·t) <,,'J (4)./i "1= ,X. 1]2+88 ~ 'J 

\\ Iwl'(' F", is tilt' 1'l1.(io of the modulus of rupLul'C' of a beam or I or box 
("cetion to (,h(' modulufl of ruptuI'(\ of It ),t'etnnguII1.L' h('ltll1 12 indws itl 

• 

• 

• 

,.. 

• 
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height, His the height of the beam in inches, S is unity for a rectangu­
lar section and, for an I or box section 

(5) 

where p is the ratio of the height of the compressionfiange to the 
height of the beam, and Q is the ratio of tbe total thickness of the web 
or webs to the overall width of the beam. 

Since for a rectangular beam S equals 1, the fOl'm.ula 1'I:'cluccs to 

(6) 

Development of these formulas is shown in the appendL'(. TilE' basic 
fieA,Lral stress is to he multiplied by the applicable factor to get the 
allowable design value. 

APPLTCATION OF FACTORS A.F.F.ECT]~G FLExrUAL STUESS 

The fac.tors by which the basic flexuml strrss is to bl:' llHlWpli<'Cl 
to get the design sLress corresponding to tIlt, pa!'lirular' ft'fI tLIre of the 
conStrUct.iOll nre: 

1. Fj, 	factor for end joints. 
2. 	Fk , factor for knots in hor'izontall)' larninatNj mrmhl'rs, or 

Fu, factor for grad(\ of lflminalion in wrtieally larninatpcl
beams. 

:1. FeD, ffl.CtOl' for cross grain. 
4. Fh, faetor for height of beam, or Fhl> factor for height and form 

of I or box beam. 
5. Fe, 	factor for curvature. 

The first four faetOl's apply to cit·her st.raight 01' curved members 
find are not to be eombined. For straight beams, the values Fj, F 
(or Fp), F<g, and F"r (or F,,) are considemd, ancl1Jlle 10wcsL is taken as" 
the rfl:tio by whieb to multiply t.he basicfleA,lral stress. For cUl'Yed 
members, the resulting ntlur is multiplied also by Fe, the curvature 
i'aetor. 

SHEAU STRESS 

Allowabk yalues of shear stress need not be reduced bv reason of 
knots or end joints prescot in the laminations of a beam.'· In beams 
bOl'izontally laminated from. ·fiat-grained stock, checks and splits, 
where prespnt, will be essentially vertical and thus will have no effect 
on shear st.rengtih. In many cases, therefore, the basic stress in 
shear need not be reduced by l'eason of the pl'esence of checks and 
splits. SluLkes, while of infrequent OCCUlTencp, constitute morc of 
a problem, smce, if they are present in a horizontally laminated beam, 
they will have an effect on shear strength. It is suggest;ed that lami­
nations containing shake be cliscarded. or, at least, used in areas of 
low shear. Where the character of the maLerial and the method of 
construction ncccssita,t,e it, allown,ble values of shear stress should be 
l'educed from the basic strpss fOl' cheeks, shakes,aod splits as for a 
solid member (7) l'rlatiut! t.be sizes of the checks, shakes, or splits to 
tbe finished width of the member. 
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BEARING STRESSES PERPENDICULAR TO GRAIN 

Bearing stresses pel'penc1irular to grain need not be reduced by 
reason of knots or end joints present in the laminations, The basic 
stres3es given in tables 5 and 6 are applicable to l)('al'ings 6 inches 01' 

more in length and located anywhere in the length of a memher, and 
to bearings oIany length 10eatec1 at the end of a member, For bear­
ings shorter than 6 inches loeated 3 inches or more from the end of a 
member, the stresses may be increased by multiplicati.on by the follow­
ing factors: 

Length of bearing (inches): Faclor%________ . ___ . ____ .. ____________ "_________________________ " 1,75 
1 ___ ". _____ ' . , ." . ___ "_",, _" _______ - - . - _ - - - -" - - - - - -"" - - - 1. 38 
11,.:.. • " " " ' ' ,, __ " _ • __ " '. _____ " ____ " , . " - - " -" "" -" "" - -" 1. 25 
2 "-_ ___ _ . " .. " ' ,. ____ " ____ " " _..... __ . _ - - - ., , .' -. " " ,,- - - ... - 1.]!J 
3, _.. " " __ __ _"""" ___ . ____ ." _ - . - - - ., . - - ... - ,,- - " - . - 1, 18 
4____ - _____ ._ --- .------ 1. 10 
6 or mOl'e __ __"" _ __ ". ,. _ " " " __ " _ . _ _ ' ,. -" - - "- - - - 1. 00 

For stress unrlel' a wtlsh('!', the stunt:' fado!' ma~- bl" Laken as fol' a 
bearing ",hos(' lengtb NJuals tlt(' c1ianw(('[' of the ,msitl"l', 

COMPREggJO~ YIE~lBERS 

Laminations in a ('omprc-ssionlllPmhl'!' mn,~· h(' a!Tangpd in a Iltlluher 
of ways, While al'rang('nwnts im'olving- eon'!' plates (iig, (0) arp 
more efl-icient thn,u those \\"ithout such platps ,,·hpn m('('llU.nical 
fastenings arp employocl, there is, so far as is kno\\-n, no such difl'preuee 
when the laminations n,re joined b," glup. Laminations ma,y also bt' 
of the same or of a varidy of thirklH'sses, It is suggested that all 
laminations in a mP1ll1lt'r be of the samp grade exeepl: when, bpcause of 
requirements for apl)('n,l'fl,n('e, outer huninations an' of higber gt'ade 
than otbel's, In sueh instanee::, laminations at opposite faces should 
be of the same grade and of the sam(' thickness, 

.1 
FlGl'RE 60,- Arrangement of lamina­

tions in COIll pression lllell1 bel'S wit h 
co\'el' plttt ('s. 

ZM81024F 

Glued huninaU'd ('OnlI)['pssion llll'mbt'!'s mfl.~' he designed by lIS(, or 
th(' samt' fOl'll1ll1ns as an' upplien,blt' Lo solid mernb('rs. Whel'e huI I 
joints 01' stepped searl' joints are used, t1w d:l'ecliyt' aJ'('a should 1)(' 
apPI'opriat('ly redueed, Both knots and Cl'OSS grain tlfl'r::,,'( tlw COItl­

press:\re sln'ngth and, WhN'C' both are pn's('l1t, tlw stn·ngth ral io 
eOl'l'espon<1ing to II\(' 011(' causing litC' gl'pn.LeL' !'(1durtion should bl' uSl'd 
in eompuLillg the aLlowablC' eompl'C'ssi,'e sll'pss; Lu(' dfects 01' tup two 
faetiol's shoulclnot be Laken as ('.umulative, SilW(' the allowtLblC' load~ 
on long and intJcrlllediu,te columns arc dC'pPll(lent 0U slilTn('ss in 
bending, the eIreet of knots on stiffness, ns gi\r('n ('arlier for bending' 
m('Dl bel'S, shoulll be considPl'ed in nompu ling titC' \-nlll(' of mod uI llS 

ofelnstieit,Y to be used, 

• 


.. 


• 

• 
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.END ,JOINTS IN CO.LUiU:'IS 

But! jnilllf; al'l' ulH1rsil'u'nle I)('cansr t1l(',"I1I'(' diffi('lIlt to fil ac.(,III'111 pI,'" 
and hC'c.aus(', ('V('1l wlH'1l a('('llmtd,\~ fitt.('d, lh(',\~ al'p not full,v riIeetiy('. 
Butt; joints or nOllg'lu('d joints of olh('I' l.\~p('s run.,\- 1)(' wwd, pl'ovide<! 
nlllaminnlions at a ,;ingle- CI'OSS s('('tion luwiug such joints arC' dis­
l'('gnrcled in (lornput1ng thr 11Pt OJ' Pl]'l'ctin CI'OSf;-:w('lionnl n.l'ea. Butt 
joints in n.djtl('ent laminu.tions should hl' srpamlecl as wieh'I}T as 
p03sihk, sin(,r, \\-11('1) thl'Y al'(, elm,pI}' spl1ced, thl' 10n,d-c.al'l'ying 
capal'it,\T 01' tIl(' column lPIHls to,,-ard that \\-hi(,1t \\-ould J'l'slllL if thl' 
two joints \H'f'(' nt till' saul(' ('I"08S s('ction. Limiter! <hlta (StW appendix) 
inclieat.(' that butt joints ill ndjac('nt In.minatiom, should 1)(' sps,eed 50 
times tht' laminntion thi('knC'ss for OptilllLUll I'esults. Figul'P 61 IS a 
CUlT(, g('ll('l'alill('d fl'om tltl'Sl' datn,. 

'1'he'('l'oss s(,etion of a Inminnlion :1tljn,('('1l1 to on(' ('ontu.ining a hilI! 
joint and itsplf ('ontaining a hut( jOlllt llUlY 1)(' (~()llsid('f'pd [0 1)(' ouly 
partially pfJ'('('tin', (11<' dpgl'PP 01' dfl'('lin'l1Psf; incl'Pltsing \d[ h incl'eased 
spn('ing, Thi,; ('oll('ppl haf;· ])('('11 llf;l'd in adnptillg [ill' column tt'st 
dala of til{' app('lj(lix 10 Ill(' ('UI'Vl' pl'PSPlll!'d ill flglll'(' (j I. '[,hif; (,UITl' 
s11o\\-;.; the' proportion of [11(' (~I'osf;-s('C'li()llul Hl'('U or n h1minalion that 
.may he consi<iPI'pd !'fl'!'d i Vc' \dll'n IlIa [ Inmin:r [iOll ('Oil tHi 1If; a hu tt 
joillt und is ncljn(:{,IlL to n llLl1IillUlioll eOI1[nining n blllt join\. 

• 
;\.;.; all {'X1Hllplp or til<' LISP oj' litis ('lIITC', ('onsid!'1' a ('olumn made lip 

of 12 Inmillnl.ioHf;, in \\-hil'll Itlminutions 2 Hlld ] 1 ('on[ain hut( jointf; 
a[ [il{' snnl<' ('I'OSf; s('dion and luminntiolls:1 nnd III ('onlain butt joinlf; 
nt n (,l'OSS :wc[ioll 201 tlWtl" Ti[h nIl OtiU'I' Jalllinn(iollf; ('on [illllOllS . 
..:\.t thl' '['os;.; s{'dion ('on[aiiling jointf; ill lalllinatiolls 2 and]]. thpl'c' 
nl'p 8 full,'- {'JI'pclin In.millutiollf;, 2 plll'liall,'- ('f]'('c,tin hmilUl.tions 
(3 find 10) nIld 2 Ilon p{}'{'('\ iv"(' Inlllilw tiolls (2 und ] I). Fl'olll t Iw ('lI1TP 

of figlll'l' G1, laminutions ;~ nne! 10 n.l'(' H() 1)('I'('PI1I ('f1't'din', Till' 
pl'OpoJ'tion of tllp gI'Of;S ('I'Of;S S{'('[iOll of till' ('Olrllllll ,11Il[ (~un 1)(' ('011-

sid('I'Pel ('(I'{'('(1>'{' in I'psisting ('olllpl'('ssi\'C' S[L'('f;S if;, th('I'!'rol'p, [H+2(O,8)J 
/12",c-(),Ii/I2=O,8, H t ill udditioll, 11]('1'(' \\'('1'(' blll t joillts in lamina­

.. 

MB7021F 

Frmltl~ (i I.-~ Hrla[io\l brt ween spadng or hUi! joints in compression members 
ILllcl rt]'(wtivr area or laminut ions udjncent to bult-jointed laminations, 
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tions 4 and 9 a distance of 20t from those in 3.and 10 and so arranged 
that the latter were intermediate between theotbers, the cross section 
,containing joints in laminations 3 and 10 would become the critical 
,cross section. Then, laminations 3 and 10 would be noneffective, an~1 • 
laminations .2, 4, 9, and 11 would be only partially effectr..-e. Tbe 
proportionol effeetive cross section would then 'be [6+4(0.8)] 
/12=9.2/12=0.77. 

End joints preferably should be of the plain or stepped scarf type, 
,vith a slope not steeper than 1:5. When the stepped type is used, 
the portion of the thickness occupied by the step (fig. bu, B) is con­
sidered .as a butt joint and reduction in net bection is made as for but.t 
joints. No :::eduetion in area need be made for glued scarf joints 
having a slope of 1:5 or fiatte!', except as provided for stepped scarf · 
joints. WOl'king stresses need not be reduced because of the presence 
of scarf joints having a slope of 1 in 5 or flatter. There are no re­
quirements for spacing of scarf joints of 1 in 5 slope or flatter in 
cnmpression members. 

;KNOTS IN COLUi\INS 

The stress on the net section of columns with knots is calculated in 
accordance with the d(>sign curve of figme 62. 'rhe abseissa of this 
curve is J{/b, where l{ is thp average (onl' all the laminations) of the 
sizes of the largt'st knot occlllTing in any 3-foot length in each of the 
laminations and b is the finished width of th(1 lamination. 
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hGl'Rl~ 02.-·Dcsi/-ln curve for lan1irllLt(~d shorl (~Olllll1ns hudng knotR in lamina­
tions alld r('lut,in/-l allowable cornpresili\'c stress to knot size.. 

http:12=9.2/12=0.77
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Here again, with no restriction on the location of knots ,,,ithin the 

member, some assumption must be made as to the concentration of 
knot-s within some critical 3-foot length. One possible assumption is 
that thE' maximum permissible Imot will occur in every lamination 
withiJl at least one critical length. As was pointE'd out earlier, this 
"'ouM be a highly conservativE' assumption, sine<' such a large pro­
portion of the lrugths of pircrs within a grade eontain knots con­
siderably smaller than the maximum or contain no knots at all. 

In thIS case, too, it should be feasible to relate the frequency dis­
tribution of knot sizes within a grade to a value of K suitable for use in 
design. A stud.'>' of a numbE'l" of commercial grad('s indicates the 
l<:'asibility of such an approach. That study is discussed in the ap­
p<:'ndLx.

Each grade may be exped8cl to have its own characteristic distribu­
tion oJ knot siz<:'s. vVork.ing strrsses based on a statistical study 1'01' a 
spE'eiiic grade- cannot, th('rdore, be tra nslatecl in io working stresses 1'01' 

a different grade or a diJi"C'J"('ni. spec-it'S. 
In eSiflblishing "'orking sirpssl's for rftl\clom ftssemhly oJ laminations, 

it is suggested that they 1)(' basl'c\ on a study of the distribution of the 
maximum knot siz('s in:~-'foot lpngths b)T the Ill<:,thod deseribed in the 
appendiX. l ...ileking such an analysis, it is suggcstedlhat the working 
stress he bilsed OIl the ilssumplioll lhnt the maximum knot permitted 
in the grade occurs in eaeh Inmination within RI- Jeast one 3-foot 
It'ngth. That is, the vnIuE' of J{ 1'01' use with figme 62 will be the 
maXllllUll' siz~' ]wrmitL(,d in tlIP grilde. 

Both the Sou thern Pine Associttliol1 and tLe West Coast Lumber­
ml'n's Assoeiation havp publishC'd working sLrpsses for laminated eOD­
struetion that al'C' bast'd on the statislical pro(".pdure just described. 

In (".ilses where it is not feasible to sample the grade and Lo go lhrough 
the probabiliLy analysis, but an estimate is dl'sin'd of the strength 
ratio that would be obtailWcl by slleh an analysis, thr fOlio wing pro­
cedure may be uSl'd. First, eakulatC' ill(' value of K.'h applicable if 
it "'ere assumrd that tIll' lnrg('st lwrmissible .knot \\"P1"r present in 
l'yery lamination. Second, multiply tLis value by till' ordinat.e to the 
CllITe of figure 6:3 for the propl'r llumber of laminntions. Then, with 
ibis modified valup of [{fb, dt't.ermine thl' appLienblc' strrngih ratio 
from tlt(, cmve of figure 62. This proeeclur(' is based on a eonsidrra­
I ion of thl' J"eintiYC' values of [{/b Jound by the two mrlhods, and the 
fact.ors shown are onl.\' approximaLe. In gl'l1erlll, they are believed 
to be Sllfficiell tly eOl1sPl"vati ve Lo pI"ovide a satisfn.cLor.\~ basis for 
estimilling stn'llgLh mtios that may be- rcqJe(·ted from a probability 
analysis. For us(' in d('sign, 1 of the 2 llwLhocls disCllSSl'cl cariil'r 
should be rllosC'n. 

'IYhpre eolumns are of more than one grade, working slrrsses ap­
plieabl(' to the lowl'r grade should gl'IlPJ"!I.11y be uSl'd. 'IYherl' data on 
tllC' oc('.uJ"J·('neE' of knots aI"(' availitble, thrre are mdhods of compu­
t.ation (St'l' npp('ll(lix) by which the smalll'r eOJ1cpntrn.tion of large 
knots in till' higller-gt"ucll' laminations mfty he taken inLo ael'OuDt in 
ddf'l"mining values of K/b. 

CHOSS CHAIN IN COLUMNS 

• For columns wiih (TOSS grain in laminations, the pE'rcentage of the 
basic eompJ"('8sive strpss t.o b(' used ill design is in accordance with 
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FIGURE 63.-ltelation between values of K/b suggested for determining strength 
ratios for u~e in design of compression members and those that would have 
been determined by considering the largest permissible knot present in every 
lamination. 

table 9. It is to be expected that all laminations in cdulllns will be 
of the same grade. When laminations permitting differing grain 
slopes are used, however, the strength ratio corresponding to each 
grain slope should be weighted in accordance with the cross-sectional 
area occupied by the corresponding laminations to determine the 
average strength ratio for the full cross section. . 

Strength rlLtios blLsed on a probability analysis of the oecm-rence of .'knots in randomly assembled laminations (see appendix) arc appre­
ciably higher, because of knot dispersion, than for one-piece sawn 
timbers of the same grade. 1£ advantage is to be taken of these higher 
strength ratios, more severe limitations on cross grain must be im­
posed, for ILl! laminations, than is conLomplated by the grading rules. 
This necessitates an additional inspection and segreglLtion for cross 
grain. Such additional inspection should not create a serio liS problem, 
however, since samples of a number of structuml gl'l1cles have shown 
that high percentages of the pieces have cross gl'l1in of 1 in 20 or flatter. 

TENSION MEMBERS· 

Tension members are subject to the same provisions with respect to 
arrangement of laminations, grading of laminations, types and spacing 
of end joints, and evaluation of K/b as are given for compression mem- ,!' 

bers. 
END JOINTS IN TENSION lIrE1UBERS 

The stress at a plain scarf joint in a tension member must not ex­
ceed the percentages of the basic stress in tension parallel to gntin 
given for members subject (,0 flexure. Stepped scarf joints may be 
considered to have the same percentage of strength as plain scarf 
joints of the same slope; but the portion of the thicknesses of the 
laminations occupied by the steps js disrcbarded in computing thf' 
effective cross section of thf' member. Spacing requirements indi- • ; 



cated earlier 'for:tJ:te tension portion of flexure members shoUld be 
used also for tension members.. It is suggested that scarf 'joints be.no' 
steeper than lin10.' . 

It is suggested that butt joints not be used in tension members. 
If they ar,e used, however, the procedme outlined for columns can 
be used in computing net area, except that an additional reduction 
of 20 pet'cent should be made. 

KNOTS IN TENSlON lIlElIlBERS 

rrhe basie f1exlll'al stress fiS giyen in Lable 501' 6, pp:100, 102, should 
be taken as basic tensile stress, ·Wol'.king sLresses for design should 
be taken in accordance with the cmve of figlU'e 64, Values of K/b 
for use with this ClU've should be determined in the manner described 
earlier for columns. 

• CROSS GR,UN IN TENSION lIlEMBEHS 

;. 
The strength ratio lor cross grain in tension members is given in 

table 9. .As for columns, this effect, where laminations of different 
grades are used, should be weighted in accordance with the proportion 
of the cross section. occupied by the various gmcles, and the effect 
of increased strength ratios resulting from knot dispersion should 
be reflected in more restrieti ve cross-gl'il in limitations than are normally 
imposed by the grading l'ul('s, 

MISCELLANEOUS TOPICS RELATED TO\VOHKlNG STRESSES 

CLOSE-GltAIN AND DEl\'SE lIrATEIUAT, 

The improved strength resulting when materin,l of some species 
meets certain requirements with rcspeet to 1'Itte of growth has been 
recognized in .Ameriean Lumber Standards (1,9), whieh permit in­
Clreased design stresses for Douglns-fu' and redwood meeting specific 
requirements as to rate of growth (dose grain), as wcll as fol' Douglas:­
fir ttnd southern yellow pine meeting speeiHe rcq llil'cments as to 1'ate 
of growth and· percentage of sllmmerwood (density). The inel'eases 
apply to stress in extrcme fiber in bending, compression 'IHu'nllel to 
grain, and compl'eSSiO!l perpeudiculn,1' to gl'ain, but not Lo shear 01' 
modulus of elasticity, These inerensed sLI'ebses Me npplicable to 
laminated construction, but certain cautions must be obsented. 

It is obvious that sueh increased stresses would be applicable t.o a 
beam constnwted wholly of dose-grained or dense materiaL It is 
obviolls nlso that, in a beltlll eont;nining a large number of laminations, 
wit,It only the Lop and bottom lttminMions of elose-grn.ined or dense 
material, the incrensed bending stress would not npply to the beam 
ns a whole. For eXltmple, if u. beam eontailled40 lu.minil,Lions, with 
the top and bottom lu.minations of dense material whose allowable 
stress was increased b~' one-si.xth over that fol' nOl1dense mliteria;~ 
the stress in the outer surface of the second lamination would be 

l%OX% F=l.llF 

247()~O~ ti,l-O 
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where F is the stress applicable to a nondense grade, Thus, in such 
a case, excessive stresses would be present in certain of the laminations 
neOJ' the top and bottom if the stress applicable to dense material 
were used, 

The increased stresses pertaining to close-grained or dense material 
ma,y be applied to the beam as a whole only when such material is 
used in a definite p!'oportion of libe beam, The number of dense 
laminn.tions on each Ride of the ben,m must be at least one.:iomteenth 
the lotnl numbel' of lominations in order that the inerensed stress 
may be applicaNe !o the beam as a whole, 

Rimilarl)', elose-p:rained Douglas-HI' and redwood are granted 
in('I'eaReR of one-fifteenth, and ap:ain a, minimum number of IflJllina­
tions of dose-grained mftterinl are l'('quin'Cl on each side in order that 
the increased stresses IlIn,'- be nppLied to the beam ns a whole, In 
thiR ease, a group of lam inn lions on eneh side containing not less than 
one thirty-second of the tota1ll11mher of laminations must be close­
grained, . 

It should be noted that the proportions giyen above are applicable 
onl)' when all laminaLions are of the same thiekness. For other cases, 
the netual number of laminn.tionR should be eonyerted to lin equiyalent 
nLlluber of laminn tions of n Ringle thiekness, 1\10reovcl', the propor­
t iOllS given OJ'e diJ'ectly \'lLlid only when all laminations iLre of the 
same grade,When two difl'erent grades al'e used, the stress in the 
inner group of lamination;; should be dle('ked b)7 the method described 
earlier to be SlU'C it is not exeessive, 

EFFECT OF El\'D JOINTS IN VAIUOUS PAHTS OF ~lE"lBERS 

Since the stress is quite low in alamiIlntion Ileal' the neutral a).is, 
an end joint of relntinly low effi.eieney is satisfaclOJ'y at such locations, 
Thus, within the ('entral two-thirds of the depth of a beOJIl, plain 
senrf joints n;:; steep n8 1 in 5 are genernll,'- sn.tisfactol')-, sinc.e the 
sll'ess wit bin this pnl'l of the beam is less than two-thirds the stress 
tn the outenllost lamination, Similad,v, for beams whose loading 
is known to be Ru('h tbn t ('(,1'tnin pariS of 111 ('ii' Length will never be 
subjected to hip:b belHlin~ moments, suuh tlS those parts near the ends 
of a simple beam, the .;:;tress('s will be SlH'h tha.l scurf joints of steeper 
slope mo,'- he permit tNt ("'en in the outer part'> of the depth, than 
would hI.' permissible n.t poi.nts of high moment. 

Rep:nJ'(lless of sueh possibilil i('s for th(' us(' of less emcicnl joints 
in ccrtnin UJ'ens, it rna,," b(' found ('xpecLient to use only a singLe type 
of s('tLl'f join t in order to simplify manufllct.uring operations and to 
Lessen the dllu}C(' tbnt joints of various t)-pes will be erroneously 
pLllced in Il hea111, 

In generul, a scarf-jointed outer IOJninatioll on the tension side of 
a beam will (:ontl'ol the o\-'erall strength of the bealU, 'Where the 
sb'ength of the jointed laminat.ion is Yery low, uowcver, as compared 
with t,hat of .;11e eontinuous luminatiotls, the lot'i.d that would cause 
faillU'e of the outo!' lamination at the joint would be insufficient to 
nn.use failuI'e in the remaining lallliniltions, Ther(' is, therefore, a 
"floor" below wlii('h tile st!'en~tb of the beam would not be e~l)ected 
to fall, l'egtu'dlesg of the reduction in strength ct1Used by a joint in 
Lhe ouler huninnLion, 

, 
. 

., 
t 
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'Thus,.a beam of 171aminn,tionsllaving a jointedotlter lamination on 

,the :tension side would be reduced in effectiveness to that of a beam of 

::[,6 laminations if the jointed lamination failed without causing failure 

,of ilie rest of the laminations, and it would then have some 89 percent 

of:the strength of the original beam, In such a beam, then, if the 

jointed outer lamination on the tension side had less than 89 percent

of 1I11,e strength of a continuous lamina,tion, the overall strength of the 

bfl'am would be taken as 89 percent of that of an unjointed 17-lam.ina­

iion beam rathel' than as determined by the strength of the jointed 

.lamination, 


It is possible. but not probable, thn,t similar relations exist in beams 

with jointied laminations of low efficiency located near, rather than at, 

-the tension face, 


In compression and tension members, the stress requirements in 

.different parLs of the cross section and at different points along the 

length normally do Dot vary, so that the l'equirement is the same at 

'all ,points, 


, As pointed out; eadier, butt joints tend to concentrate shear st;ress 
in the interlamiuation glue join ts ncar them, Both theoretical 
'considerations and test data (sec appendix) indicate a serious conceu­
tratjon of shom' stress in the neighbol'ltood of a concen trILted load on a 
beam. It seems desirn.ble, iu order Lo reduce the possibility of failure 
by shear, Lo avoid combining these {wo concentrations, It. is sug­
gested, tiwrefore, that if butt joints nrc used in laminated beams, they 
be ,kept ,well away from the location of any concentrated loads, par­
ticularly if the joints are in .laminations located near the upper smiace, 

EFFECT OF KNOTS IL\' VARIOUS PARTS OF ~IE~lBERS 

The I'educt ion in bending strength eaused by a knot in a laminated 

beam is a fuue,Lion of the moment of iUert,ja of the cross-se('Lional area 

occupied by the knoL. A knot near the GPntier of tJw depth of 11 beam 

has only a smn,ll fradion of tlll' cireet on bending strength t,hat 11 knot 

of tile same size wOl~lcl hiLye if it werc located at or ncar the outside of 

the beam, 


Laminations of relatively low grade may therefore be used n. the 
central parts of the depth of n, beam WiUlOU(, inordinately redncing its 
strength, Effieicnt and eeonomiclI.l use of materin.l ma~T thus be ati­
.tamed by using pieces of high gt'tlde in til{' outer parls of the depth and 
pieces of low grn.de in the inner pn,d!> of the depth, where their inferior 
strength is not injurious to the st,l'cngLiJ of the beam as a whole. The 
l'elatively sm(lll effect of low-grttde mlttcrilLl oeeupying as much as the 
cenkal threc..:fiftlls of Ule depth has {well demonstrated in the staLis­ ... 
tical studies of knot offeet mentioned en,dier, 

Similarly, laminations of Jower grade may be permitted in parts of 

the length that will be subjeeted to '3mall bending momenls, snch as 

.those ncar the ends of a sirnply supPol'ted beam. 

. The curve of figure 55 was derived from tests on beams in which the 


'outer laminll,tiol1s ,,'erc generally of better qutl,lity than the inner 

laminations, Although such an arraugement is logical and economi­

,co,l, the use of agm'e 55 for beams having the reverse of the usual 

arrangement-that is, with low-qUltlit.y oute)' il1minlLtions and higher­

quality inner laminations-mtLy result in an allowable stress for the 
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•beam that will produce an excessive stress in the outer laminations. 
It is improbable that a designer would use such an armngement. If, 
however, a heam were misassembled and such an arrangement 1'e­
sulted, it might he desired to attempt to salvage the beam. In sucb 
a case, a new allowabk stress Citn he computed by means of figure 55 
but, in addition, tJl(\ stress thus computed should be checked against 
Lhp strength of Lll(' out('l'lfLminaLion. 

~IODlF[CA1'IOi'i UP WOHKIi\C STRESSES 1'OH SPECIAL CONDI'I'IONS OF LOADING 

,Vol'king sll't\ss('s COll1pll Led by Lhp I1wtJlOds 11(']'(' giYel1 and based on 
lhp basic slrc'sses of Lltble 5 01' tlthle 0, pp, ] 00, 102, fLrc applicable to 
conditions of full durn.tion (25 to 50 yeitl's) of I11fLximulll dcsigl1 load. 
Sinc(' wood hns the dt'sil'u,bh' ChfLl'[wl('l'isLie of hl'ing :tbl(· Lo support 
high('r londs for short Llutn for long pt'J'iods, ltig-ht'J' working stresses are 
ilppli<:l1.hlt, to eomlilions where Lhe full design 10adE' are of sbortet' 
tiumtion than 25 Lo 50 nUl'S. 

;. 

Ji'iglm' G5 pl'esenls dltlll by means of whidt adjustmenls fo1' cluration­
of-lotl,d ('[eets may bt, mn.tlt'. For l'xll,ll1pll'. if th('anlieilhttecl duration 
of full dt'sign load wt'n' 10 ,n~n,J's, Sll'l'SS('::; eould be tn(,l'cn.seci about 10 
[wrcenL OV('l' U10S(' allowltblp for (,tJllliiliolls of full dUl'ation, It has 
bl'l1() fOlllld that inlerllli Ul'Tll lond ing sl'pttl'alecl by n. period of rest is 
(,llll1ulntiye ttS fttl' ItS Lh(' durn.tiolln,l (,freel is cOTlcprned, The duration 
to which figure G5 is n,pplieabll' is, thel'efol't'. tht' sum of the dlll'lttions 
of the expeetl'tl louds, Loads l('ss tlw.1l thost' tJutt would produce 
stresSl'S al oj' bl'iow Lht, pennn.nl'nt load 1('\'('1 mlL'y be neglected in 
computing suell dtU'iLLiol1s. 
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•
Working stresses computed from the basic stresses of table 5 or 

table '6 may be used without regard to impact if thp stress produced by 
llnpactdoes Dot exceed the allowable stress for permanent loading; 
.but the sum of stresses induced by any combination of loading, sucb 

dl.S impact,dead, long-rune live, and short-time live loading, cannot 
exceed twice the allowable stress for. permanent loading, 

In no case can a structul'al member be used tha.t is smallel' than is 
Tequired for permanent load alone. 

Increases in stress for impact n.nd other duration efl'ects fLrc not 
.applicable to modulus of elasticity. 

Wood under continuing load takes on a continuing iIlel'(~ment of de­
1m'mation known as phl.stic flow 01' yield, usually wry slow but pel'­
sistent over long periods of time. Deflection of this nature oceuJ'l'ing' 
in timbers acting as beams is sometimes known as "set" or "sng." 
This increase of deformation with time mav become as much fiS the 
initial deformation without endangering the safety oftlH~ timbel'. 
This effect is of irnportn,nce only where the long-eontinued load is at 
or near the ma~cimum design level. It is necessary, wllere deforma­
tion or deflection under lonf? periods of loading must be limited in 
amount, to provide extra stIffness. This cau be done by doubling 
any dead or long-time loads when computing deformation, by s(,tting 
an initial defo.l'lUation limit at half the long-time d<'fol'mation limit, , , or by using one-halI of the recommended vn.luf' of modulus of elastici ty

" in computing the immediatl' deformation. In any case, it must be 
understoocL that the J'ccommendf'd valu('s for modulus of Plasticity 
will give the irnmediatf' deflection of n, beam, and that this de£l{'ction
will incrense undel' long-continued lond. The inC/'eHse mny be S0111e­
what greater where thetitnber is subjectpd to varying temperatm'c a,nd 
mQisture conditions than where the conditions al'e uniCoi'm. 

DESIGN CONS1DE;RATIONS JTOR LAMINATED WOOD 

It is beyond the Scope of tlus publication to discuss methods of 
structural analysis. Certain featmes of design, however, espl'cilllly 
those peculiar to wood or laminated structm'es, arc presented been use 
they need to be considl'l'f.'cl. 

Attempts to econonuze too thoroughly by varying requirements at 
different points in a strllcture crLD become complicated. It is true 
that stress l'eqnirem(mts mlly permit the use of butt joints in some 
locations, the use of scarf joints of stC'C·pC[' slope in some locations .. 
than in others, aud so on. By tn.king ad van tagf' of all stich provisions, 
some savings in material !1nd In,bol' can be gained. '1'1)('i1' lise, how­
ever, necessitates (~xtl't'm<, Cfl,!'C in fabl'iefltiou to insnn' thnt nll mn­
tel'ial is properly placed. 

ENCINEEIUNC li'OJI:MULAS 

Engineering Jot'mulns applicabl(1 to solid-wood structm"('S are gt'n­
el'ally applicn,ble also to laminated skuetul"cs, since the glued joints, 
if properly made, hn,vc She!1t" strength a.pproxirnlltely thnt of wood. 
The glued laminn,ted member must 1l.(lcol'dingly bl'hn.ve fiB would !l 

solid member. Ln.mination, 11ow('v('\', intt"odu(:l's two possibll' MSl'S 
in whicbthe usual formulas ure not applicn.bk, and which t1re not ". 
encountered in structures of solid wood. 

http:applicn.bk
http:bl'hn.ve
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In the case of sharply curved :flexure members, the ordinary equations 
for stress in a beam are not applicable and the special methods relating 
,to curved bemns should be used, Stresses computed by the usual 
equations ,vill be low by about 5 percent when the melius of curvature 
of the center line of the member is about 6 times the depth of the 
member, and by about 11 percent when the ratio of radius to elepth 
is about 3, with mpidly increasing pe!'contage 01'1'01'S as the ratio of 
t'!lelius to clC'pth hC'comes smallC'1' (25), Limitations on the radii to 
which Inminntions may be hent without e{[Lmage will generally operate 
to l\:('C'p thc' ratio of cenkr-linp radius to total clppth at a reasonable 
valu(', It; is prohable, tllC'refol'(', that few members wjH be designed 
with ratios of radius to d('pili small enongh to require special treat­
ment, but all sharply Clu'\'pd lll('mbpJ's should be inn·stigatecl to as­
sure that thc' error im-olypd in thp use of the ordinary equations is 
small, Th(· CtlI'VP of Jigure GG nUlY b(' us('u to ('stimatt', for :fl(lxural 
mt'mbpJ's of rectn,ngulaJ' CI'OSS :5pct,ion, tl!p ('ITOI' illyolved in the appli­
cation of Lhl' ordinary ('«(UB tion::l for stress to eUlT('d flpXlU'(' members 
hn\'in~ YBriollS rBtios of CPlItPI'-JilH' rBdius to dppth, 
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Jill(' radiu!l lo depth, 
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,Cases may arise where it js desirable to usc laminations of more than 

'one species, If so, consideration should be given to the fact that, with 

iam.inated beams hanng laminations of mark{'dly diff('/'ent moduli of 

,elasticity, the usual assumption of lineal' variation of strain across the 

depth will lead to a nonlinear Yi1l'iation of strrss, '1'his will nOl'mitll~T 

;be of little consequence, partiCUlarly if the cuif(,l'ence in modulus of 

elasticity is smull or if the material of low modulus of elasticity is 

used in only a smull part of the depth ncar the n('utml flxis, lnthe 

,case of it beam huving material of high modulus of ('lusticity in the 

outer two-fifths of the depth and low modulus of E'lusticity in tIl(> 

central th:rce.;fifths of the depth, enol'S of about 5 percent and ]] 


'percent will be iutl'oduc('d for ratios of moduli of three-fourths and 
one":half) l'~spectively, Such a cas(' might arise \\'11('1'(', foJ' reasons of 
ecollomy, 11 species of low strength n.ud low modulus of ('lustieity is 
used in the CGlltl'fl.l part of a bemn, 

EFFECT OF 111GB MOISTURE CONTEN'!' 

The working stl'E'SSPS applictlblll to In,minntpd lllE'mbl'I's must be 

suitable for the gl'U('I'al, maximum moistm'E' eontent that will be 

reached by the wood under lisE' conditions, 'WhilE'most glu(,d larni­

nn,ted mcmhE'l'S !1],(' nsed undt'I' dry conditions, some must withstand 

e..'l:pOSllre to moisture. 1'11(' dil'('ct r£rpct of ruoistlU'e contE'nt on 

strength has been considpJ'fI(l in pstahlishmg the basic stresses of 

tables 5 and 6, rrllP]'t, are, llOWPV('I', D.dditionu.l considel'ationsinvolved 

where the use conditionsJ'esnlt in, high ~nojstlU'e contentjn tlll'memiwl'. 


The wood in glued laminated members intended for use co.nditions 
inYolying moisturp and other conditions condueiv(> to decoy can bp 
made durable by the applicu.lioll of pn'seJ'vative ehemicals .if the wood 
is not naturally durable. 'rhe wood nun' 1)(> tl'eated in lumber forlO 
with pl'ese.l'vaflves before gluing, 01' the" tl'(!!Ltment may be givNI Lo 
'the laminated membpl' after tbe gluing bus l.)('el1 compl('tcd. Such 
treatments do llOt Pl'ot('ct tllt' wood from n.bsorbing moisture, and 
the moisture-content ;e'\'(-] of the tn'filed wood undel' use conditions 
is generally the some us t1Hl,t of UIl Ln'ntea wood, alLbough certain 
fu'e-,l'ctardant treatments make thE' wood mol'f' hrgroseopic than 
nntreatnd wood, COnSN1U{'ut.J.\·, pI'ps{'ITIlL.in~ly keatpd wood and 
untreated \.t'ood l'l'qUll'l' thl' same working stl'PSSl'S for similar llSe 
conditions, The llSt' of untl'cuted wood thal is not natllru,lly durablc 
is not, },ow('v('1', rccomnH'nded whE'l'c the conditions of llSC' arc con­ .. 
ducive t,od~'eu \', 
. In genel'al, (I('sign for {'onditions fayomble to d('eay should bc on 

a ,mOl'C cons('l'vulivl' busis t.han whf'J'P sueb 11 hnznl'd' js not pJ'esen k 
ill addition, uH{'ution should be giVl'll in design to tbe elimiIl!1tion of .. 
such fell.tures ns might iU('l'(\fiSt' the d('t~n'y hUZIUd, sueb IlS the encas(,­
ment of wood meml)('l's in l1H1SOrll'Y, Tiwlw18 \lxposf\d to the hazards 
of .decay should be inspeeted at frequ{,llt intervuls n.nd j'('lUoved if 
decay appears in 01' nNIT bighly st.ressed (I,roas, 

Er.FEe'!' OF BleIl TEMPERATURE 

It :is known thaI, wood hus 10WE'I' stl'('n~Lh at high Lhan at low 
tempel't1tUI'CS I n.nd ItlYl'stigalions at 1.lH' 11'01'PSl.. ])rod lids l.Jitbo/'ator\' 
have shown thn.t w()od thtlt hns b('('11 l'xposl'd 1,0 high Lempel'I1.LUI'cs. 
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for long periods has had its st,rength reduced even though it may be 
used subseq uen tly at normal temperatures, It. is known also tha,t 
strength l'pd uctiOll resulting from ilip ell'ects of high temperatUl'c is 
gl'patel' for wood at high moisture eontput. A,T!liiablc data (14, ,~2, 
23) are, howe,.,p1', too meager to permit tIll' establishment of any rules 
for the efl'pct of high tC'mpp1'Iltul.'f' on stn'ncrlh, 

Caution is suggC'st('d in the dl'sign of gLuNL laminaLecl stl'UctUl'es 
for uSP lIndt'l' conditions of E'kyutl'd tempemlures, particularly if 
su('h tpmp('ratul'Ps ill'E' lik('ly 10 pC'I'sist OWl' long pPI'iods, Where 
sueh conditions al'(', t'xpN,tc'd, SOI)lt' l'edu('lion in working stl'E'SS is 
dl'sil'llblt' to l'eduet' lhp possibility of dltlllag(' Lo the slrucLul'cfrom the 
effe('ts of high It'mp('I'n.tul'e, 

;-;in(lp thc' tl'llljWratU['e of the wood and nol of thC' surrounding air 
dptE'l'minC's the amount of stl'l'ngth loss, if an,\-, recognition should be 
givpn to til(' fad thal high ail' telllJ)('/'utUl'PS do llOt Iwel'ssarily mean

'. high LNlljWl'itl un's ill lLll' wood, ,Yood is it good il1sulu Lot', and, 
the['('fort', high telUpt'/'Illut'ps must IWl'sist for long periods bpfol'c the 
wood LNlllwrutur(' ris('s !lIuch, pal'tieulnrl,'- if the ll1('llliJ('l' is large in 
cross S('('tiOll, 1n ('ol.lsidl'J'ing lll(' possible n0(~('ssi Ly for sLt'ength 
1't'(lucLiol.l 1'01' high tempt'rUlUI'l', t11PI'pj'or(', considpl'ution needs to be 
ginn llOl (ml,\- to ti\(l tl'mpl'l'ntul'l' to whieh the 1l1('mbl'J' will be exposed, 
but also 10 lill' !lIlticiPfltl'd dUl'lltiou of lllp expOSUI'C', 

'1'11(' probnhilily of long-eolltillul'd high telUpl'rltLul'l'S should be 
('ollsidt'I'l'(1, IIlso, in lhe choice of It gLut', since certain gLues are ad­
Vl'I's('ly afl'('c[l'd by such exposure (purt I), 

• EFFECT OF SHIU:\\,KAGE OR SWELLING Ol'O SUAPE OF CURVED l\1EiUBERS 

A wood JlH'mi.>PJ' U'nds to shrink 01' s\\'pl1 a('I'oss the gr!tin with loss 
or nhsorptiol1 of moisluJ'(', but pf'tlcticaLly no dlangl' o('.eUl's in the 
dinl('llsioll nlong UH' gl'uin, For it spclioll of it ('UI'\'c,d wood member 
such as is show/l ill fig-uI'p (iI, lht' Ilfl~d(' a mllst (,lliuW;(' to UI'(:011l111odate 
lllP eLlIUlg-p ill litil'klH'ss, si/I('(' [Ill' li'ng-llis L nllt! l ~lo Hot ('h!lng(~, 

II hilS b(,(,tl S.itO\\,ll (;~8) thul if tI\(, lhieklH'ss ( is e1Ul/lged to tt Lhick­
II(,S8 t(l .+ kl. lhp ang-It' a dUlngps to It \'jtllw a(1 +q), \\'1I('I'e q=-k 
(aPPI'()xinl!ltply), so lhnt ti\(' e1uUlgl' in nngll' is -ka, Hp/we, if tis 
dHUlgl'd by tl, slIlull J}('I.'Ct'ULtlg-(' It, t1w tlllg-It' a will bt' changed by 
ItppI'oxinHllt'ly til(' Slun(' (lp('('('nlng-I'. but in li.tl' opposilP dil'ection; 
lhal i8, ntdinl sWl'lIing tltuS(,S tL duel'l'tts(', nnd radinl shl'inkage causes 
an iIH'/'l'nSl', ill the tingle a lwl\\'eell IIlP ('I1<[S of a cUITed membcr, 

It may bl' uolp(i tiltltlhe p('J'('l'nlagl' ehtU1gc in angLp is independcnt 
oJ lhc' I('nglh o/' tI)(, sl,ctiofl, IIlP dinH'flSio[ls of tJi('. ('/'oss sceLion of the 
piP('p, nnd tbe I'ndius of eUI'yallll'l', The Jo/'('g-oing relation may 
Lhp/'C'fol'l' b(' wwd I'('g-nl'dl<'ss of 1IJ(' forln of lllp fllembpl', 

In dl'ri"iug lhis 1'('lution, all. appl'oximtl,tion was Llsed t.1mt consisted 
of consid('l'ing thnL -Ie / (I +Ie) II'US t1qual Lo -Ie, sinec k is small 
compal'ee! ,I-j th unity, Sligh tly gl'elll<'I' Iweul.'a('y will be obLttined by 
computing tll(' ehnngp of nnglp to 1)(' -,k a / (1 -'ric). 

It should 1)(' noted 1I1!lt, in lill' ttpplietttioll of th.is method, several 
approximnlions cn,nl1ot be avoidNL. Thes(' iudude: 

(1) Au HYPI'nge vnlul' 01' shrinknge mllsl bt' ussumed ns applicnble 
to I.h(~. tuoml.wl', 'J.'hl' u.dual sit l'inkug-(' mil)' clifl'('r eonsiciel'nbly II'om 
Lile fLV('I'uge valtH', and the value ic ",ill be ill ('ITOI' by tb(' amollnt of 
the difl'Pl'l't1C(', 
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FIGURE 67,-Diagramshowillg notation used in deriving the formula for change of 
,curvature produced in a curved wood member by radial swelling or shrinking. 

(2) The l'elation used is bused on the assumption that the percen­
tage slninkage is the same at all points. In large cross seclions, the 
shrmkage near the outside of the cross section may be different from 
that in 'the inner part simply becallse of the greater time l'ccillil'ed for 
the moisture content to change in the inner part, Simi arly, for 
members varying considerably in depth, a thin section will l'each 
equilibrium tilloughout sooneI' thu,n will the thicker sectJion, and thus 
'the effective value of k will be different at the two points. With 
sufficiently long e:l-.,])osure, however, and I'easonably constant condi­
~tions, the value of k for all points in the member will be the same., 

'The effectR of shl'inkage 01' of swelling should be considered in auy 
.computation of deflection or ·offinal position of a curved laminated 
member, In the caseol three-hinged arches of such shupe thlLt they 
,are horizontal, or nearly so, at the crest of a roof, such effects may be 
,of considerable impol'tance, In such arches there may be shrinkage 
,enough ,to form a depression, 01' tl'ough,atthe crest of the Toof that 
,will create scriolls drainage problems. For nn arch ·0£ tllis type, 
considel'ation should be given to the moistUl'e content of the member 
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at the time of fabrication, the moistme content to be expected in ,.. 
':~service, and the change in angle between the two ends of the member .. 

that will result from changes in moisture content and the consequent 
shrinkage across the grain. 

Consideration should be given to the provision of efl'ect.ive hinge 
details in joints of arches where such joints have been assumed in 
design. 'With such details provided, the line of action of the forces 
on the member will be as assumed, regardless of changes in shape of 
the member. 

"Where defOlmation in a cmved lamlnated member is restrained, 
as in a boat frame eonnectecl to a deck beam, the tendency to deform 
will cause, stress in the member. The method just outlined will• 
fmnish the data necessary to calculate the magnitude of these stresses. 

CONsmERATJONS IN THE DESIGl'I OF CONTINUOUS BEAlIIS 

Caution should be exereised in thC' usC:' of butt joints in continuous 
beams becausC' of the reversal of moment, and thus of the location of 
the compression section 01' the beam, at poiDts near the supports, 
since the tn'atmcnt of butt joints in design is di£rerent for the tension 
and compression sections of lwams. Furtlwrmore, in strnctUl'es sub­
ject to \·ariations in load, the point of moment reversal may vary 
some'what, so that the al'cn.s in which butt joints may be used will 
also yary. In addition, the use of searf joints of steeper slope and of 
laminations eontaining knots of larger sizp is l'endpred more difficult, 
for moments are no longer small near tll(' SUPPOl-tS, as in simple beams. 

It is rec.ommended that butt joints not be pNmittild at any point 
.in a conti.nuous bC'am, and tlUtt no attC'mpt be made to vary the 
requirements for slope. of scarf joint or knot siz(' at various points' 
along the length. 

FASTENING DESIGN 

Allowable loads 01' allowable stresses and methods of design for 
bolts, eollnee'LOl's, and ot.ilt'r fastenings that al'(, applicable to fasten­
ings uspd in one-pi(le(' sawn mE'mbE'l's, arE' applieable t}lso to laminated 
memiw.l's. Ho\\'(:'vC'J', in tll(' dpsign of fastC'uings in lamlnatpd mem­
bers, problems may arise. For E'xampl(', in COIl.l)('cting an arch rib to 
n, fOUlldation, it is conunon pract.ice to bolt. tll(\ rib to a metal channel 
oj' shop attn.ctwd to tIl(> foundntioll. vrith a rather depp scetio.n, the 
bolts may be \,-idoly s(',pa,mt(1d. If a large decJ'(mse in moisture COD­
tent occurs, the tendency of the member to shrink between the widely 
separll,ted bolts will be eonsidcrablp j and, if the bolts aJ'e held in 
position by the metal ('hamwls, a cOl1sidemble stress .in tension per­
pendicular to gl'ain will be set up, and splitting may occur. 

This tendency 'will be ['educed if th(' moistul'(, content at the time,of 
erection is appro)'-1matply the. same as that to be. J'(>ached in service. 
Some relief may n.iso be gained if the bolt holes in the steel channels 
an' slotted to permit movement of tht~ bolts. It is probable that 
friction OJ) the bolts will be lal'gl' enough to pJ'event f.l'ee movement, 
but such an u:J'raug'ement may relieve the tellsile stress('s acJ'os~ the 
grain somewhat. Cross bolts will assist in preventing separation ·if 
splitting does occm, 
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ELASTIC INSTABILITY 

HEIGHT-WIDTH RATIO OF BEAMS 

According io the usual flexure formulas, strength and stiffness vary 
!asthe second fund third powers,;l'espectively, of the height of a beam, 
but ,only as the first power of the width, Consequently, the amount 
'of materiall'equired for strength and stiffness is minimized by making 
,the iheightas great as othel' considerations permit, within certain 
llinitations imposed by the effect of the height fuctoI', 

The eA-tent to ,,"hich strength and stiffness can be augmented by 
increasing the height and decreasing the 'width is limited, because •large ratios of height to "\yidth lead to later'al instability and to failure 
·~ytwisting and lateral buckling at loads less than those computed 
by the usual flexure formulas. The critical bending moment 01' load 
,depends on the modulus of (·lastieity and the modulus of rigidity (in 
torsion), the length and cross-sectional dimensions ;)f the member, 
location 01' distribution of load, and on the way in wl)jch the ends and 
edges of the member ttre supported and J'('struined ~ 

Formulas for critical moment 01' load ha,ve been developed theoreti­
cally and checked expel'imentally for sen'ral combinations of tbese 
factors (7). The formulas were derived for straight beams, Ade­
quate information along similar lines is lacking for curved members, 
'The following ratio has been suggested by the Forest Pl'oduc.ts 
Laboratory (28), 

rrhe l:atio of the depth to width in a cUl'vecl mcmbet, with rectangulru' 
·cross section should Jlot exceed 4. when 1 edge is bl'n.ced at frequent 
intervals) as bygil'tS or Toof pudins, and should not exceed 3 when 
'such bracing is lacking. The length of membeJ's that are braced • 
along one edge is probnbly not impol'tn.nt. It is suggested that the 
combined bending nnd compressive strt'SS in un braced members be 
limited to one-thiJ'd of the stoJ't'ss thu,t, acco/'ding to the Euh']' formula, 
;would cause lateral buekJing ill str'night memb('/'s of the same or'oss 
section and of a length eq UM to HlP ('ho1'd lengtbof t.ll(' curved mem.ber, 

Formulas fOJ' critiea,l moment 0)' JOI},d for lwu.Jlls hu.ying cross 
sections othor t)mn l'eeta,nguhu' o,t'(\ somewhll,t mOl'e c011lplieatcd, 
Formulas for a (lumber of east's for beams of J SP("tion nrc gi\ye.ll in 
National Advisory COIluniLtet' for Aeronauties Repol't.. a82 (26). TJle 
;formulas lor bl:'ams of J'cetll,ngulal' seet..ion mn.y be t1srd for beams of 
box sec~ion if the appropr'iate torsioneonstiLllt is used. 

"Fo]' use in the fOl'mulns mrntiolll'(1 a,bovp, a vahH' of men,n modulus 
.of l:\~i<ljty may be taken that is cq lIul to one-sixteenth the modulus of 
elasticity, 

WRINJ(LlNG A"!D TWISTING OF COilU'/lJi:SSION lIJEM1H.>RS HAYINC THIN 

OUTSTAN,OfNG FLANGJ~S 


'Compression membel's having thin outstanding flanges may fail by 
w.rinkling of the thin outstanding parts or through tw.istingoI the 
.entire member about its longitudinal axis rather than by the usual 
modes of failure .appropriate to theil' length, Both wrinkling and 
;twisting phenomena are governed by individual laws and diller from 
ihe usual column behavior, Failul'('of any kind, whether it be crush-. ' 
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ing, as for a shortcolumrt, fiexUl'e, as for along column, wrinkling, ,or 
twisting, will come from that particular stress or combination <of 
stresses to which the member has least resistance. 

Criteria for determining the critical stress for wrinkling or twisting 
failure have been developed (7). These criteria maybe ui3ed to deter':' 
mine whether the critical stresses for these secondary modea of faillITe 
are greater or less than the stress associated with the primary mode ·of 
failure. 

SUGGESTED SPECIFICATION REQUIREMENTS 

Specification requirements suggested here;n for glued laminated
'.' 	 structures and structural members must necessarily be general. Such 


requirements can, however, offer guidance in considering ,the more 

important points that affect a, specification for a pRrticular structure 
.. 	 and may, in some instances, be applicable in themselves. Theyal'e, 

where possible, based on the best available test data; where test data 

are not available, they a.re based 011 the best judgment of the authors 

and others. Some of the provisions have been ta.ken from United 

States Department of Agricultme 'l'eclmical Bulletin 691 (28), which 

has been widely used as a source of specification requirements since its 

public?"tion in 1939. The following requirements are presented for the 

purpose of serving as genel'al aids to specification preparation. 


DESIGN 

• 	 LOADS 

Both the magnitude and the dumtion of the loads to be encountered 
in service shall be considered in design. The loading to be considered 
in the design shall include dead load, snow load, wind load, impact, 
earthquake, and others as applicable, and shall include such combina­
tions of these loads as are applicable. The types of loading to be 
considered and the magnitudes of thevarious loads shall be determined 
by the best usual practice. or as dictated by applicable codes or 
ordinances. Lon,ds to be encountered in erection shall also be con­
sidered in the design. 

ALLOWABLE WORKING- STRESSES 

Allowable working stresses shall be determined in accordance with· 
the provisions of this publicntion. Allowable design loa.ds or stresses 
for fastenings shall be determined as for fastenings in solid wood 
members. 

MATERIAL 

GLUE 

A glue shall be used that is adequate to .develop .and retain the full .. 
strength of the wood under the conditions expected for theaIJti- . 
cipated service life of the structure. (Glue types suita,ble for use :uuder' ! 

various service eonditions a.re deseribed in purt I of this publication, 
in which some references to specifications for these glues are given.) 
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LUMBER CLASSIFICATlbN 

,;:,~~£Eachpiece of lumber, before assembly into a glued laminated 
member, shall be classified and suitably marked or segregated to 

, ia'entifY'its grade. Where a piece is resawed, ripped, or cut into shorter 
lengths, each piece resulting from such cutting shall be regraded and 
suitably marked or segregated so that its grade identity is retained. 

Moisture content.-The moisture content of the lumber immediatelv 
.prior to assembly into the laminated member shall 1:1e such that the 
'completed member shall have a moisture content as neal' as possible 
to that e:xpected in service. The range of moisture content of various 

, ,laminations assembled into a single member shall not exceed 5 percent 
',' (for example, 6 to 11 percent or 10 to 15 percent) at the time of gluing. 
, Limitations for stres8 grades.-Laminations may be of material 
.graded under the l'lUeS for stress-grade material as given in the Wood 
Handbook (7) and in the grading rules of the various organizations 
publishing grading rules and providing inspection, except: 

1. For use in horizontally laminated members subject to bending, 
, the size of knot permitted at the center of the wide face of pieces of 
joist and plank grade may be permitted at any location on the wide 
'face. 

2.. The rule limiting knot concentration in the center half of the 
leIlgth shall be applicable to all portions of the length. 

3. Laminations sawed from material graded under the rules for 
stress-~'ade material or edge-glued from such material shall be 
·regraded in the new size. 

'Limitations for other commercial grades.-Grades of lumber that do 
not have limitations on all factOl's affecting s(;rength shall not be used 

, inglued laminated structm'al members unless they have been regraded 
in accordance with the principles set forth for s(;ress grades or have 

,been classified in accordance w;ith the provisions of the following
. section. 

Limitation[? for special lamination classes.-It may sometimes be 
"necessary or desirable to nse grades of lumber in which the defects are 
not adequately limi(;ed to permit their use in structural members. In 
.common grades of lumber, for example, cross grain is not limited. The. 
classes suggested below are essen(;ially sorting classes, which may be 
used in a plant to classify commercial grades of lumber for use in 
laminations. 

• 	 Decay is not permitted in any piece in ,,,hich the largest permitted 
Jmot is required to be smaller than one-half the width of the piece. In 
'pieces where decay is permitted, it shall, at its ma:\'1mum point, occupy 
a proportion of the cross section of the piece no greater than one-half 
that occupied by the largest permitted knot. Pieces containing decay 
shaH not be used in the outer laminations of members subjected to 

. bending loads. 
Sap stain is permitted. 
Sound, encased, loose, or pith knots shall be admitted. Unsound 

(decayed) knots may be admitted provided the decay does not extend 
. into 	the surrounding wood to an extent greater than is permitted by 

.the requirement given above. Knotholes shall be measured and 
limited as specified for knots. 

• 




FABRICATION OF GLUED LAMINATED WOOD 139 

Knots may be measured as !,pecified in the Wood Handbook (7) or 
in lieu thereof, the following method of measurement may be usea. 
The size of a knot in a typical fiat-grained piece is to be taken as the 
distance between lines touching the knot and parallel to the edges 
.of the piece on the face on which the size of the knot is the greater, 
except that the greatest dimension of the remaining portion of a knot 
that is partially cut away at the edge of the piece shall be taken as the 
size. In the case of a spike knot or of a knot extending across the 
wide face of an edge-grained piece, the ratio of the maxinmlll cross 
section of the knot to the cross section of the piece shall not exceed 
the fraction specified for the ratio of the size of a knot to the width 
of the piece. 

The sum of the sizes of all knots within any 8 feet of the length of 
a piece shall not exceed 4Jf tinles the maximum permitted size. 'When 
knots are in tandem or partin.ll~y so, as in figure 68, the menSUl'ement 
a may be used instead of the sum of the individual siz('s. 

j
L-_________________________________________ 

2MBIOZBF 

FIOCRE 68.-l\[easllremellt of "tandem" knots. The distance a is to be taken 
as the size when b is 6 inches or less. 

The slope of grain is to be measUl'ed over a distance sufficiently 
great to determine the general slope, but disregarding slight local 
deviations. Particular attention is to be given to spiral g1"l1in, which 
is detectable on tangential (£lat.-grain) sUl'faces only. 

Laminations shall be free from checks, shakes, or splits that make 
an angle of less than 45° with the wide face of the piece, and free 
from pitch pockets whose width measured on the wide face exceeds 
1% inches 0\' one-eighth tIl(' width of the piece, whichever is the. lesser. 

'Wane is pe1"llllssible if its gl"Catest width docs not exceed the .finished 
thickness of the piece or one-eighth the finished width, whichever is 
the lesser. 
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OLA.SS 0 shall be free from knots greater than 3~ inch in size or one­
.sL~teenth the ",iclth of the piece, ,ybicheyer is the lesser. The slope 
of grain shall not be steeper than 1 in 20 foJ' ml'mb('rs stressed primar­
ily in ben(lillg 01' tellSiOllllor steeper than 1 in 15 fOI" membt'l"s stressed 

. primarily in compression. 
CLASR 1 shall be free from kl'ots greatel' in size than 1%inches or 

one-eighth the width of the piece, \\'hicheyer is the lesser. The s]opp 
'of grain shall not be sLeeper than 1 in 18 for members stressed primar­
ily in bending 0[' tension nor steeper than 1 in 14 for members stressed 
primarily in compression. 

OLASS 2 shall be free from knots gl'l'atcr in size than 3 inches or 
one-fourth the wIdth of the piec(I, whiehever is tll(' lesser. The slope 
of grain shall not 1.)(' steeper than 1 in 14 [or lUembers stressed primat'ily 
in bending or t(,l1S1011 nor steep('r thUll 1 ill 10 for m('mbeL's stressed 
primarily in ('ompr('ssion. 

CLASS 8 shn.U be free from knots greater in size than 3 inches or 
, three-eighths the width of tliC' pie('l', wltidH'ver is tllt' iessC'r. The slope 
of grain shall not be stepp(\!' than 1 in 10 for memb('l'S stJ'('ssed prUnttt'ily 
in bending or tension 110r stceper than 1 in 8 for memoCl's strcssed 
primarilJ~ in compression. 

CLASS 4 shall be free. from knots gl'cator in size than 3 inches 01' 
one-half the width of tbe pit'C'('., whichever is ttll' lesser. The slope of 
grain shall not be stet'per than 1 in 8, 

FABHICATlO~ 

.. 


TECH:.-1TQUES •\. TeeiU1iques Llsed in fabJ'ication shall bt' ill 11('('onll1nc(' \\'ith par·t I 
, of this publication, 
.. 
;f QUALITY OF GIXE JO[~TS 

Glued joints h('hn'C'[1 Inmillo,tiOlls of l1lt'mllt'l's of all typf'S and glued 
edge joints in laminat.ions foJ' Yf'J'tic!111y lamitlntl'd lllC'mb('J's shall bl' 
of such qualit:r that tlH'Y will nwet the 1'C'C[uu'cml'nts appl'oprinte to 
the conditions (')q)(lctcd in s('ITi('(', as giwll uncl('!' ).1 ethods of }]\'alua­
tion of Product in part I of tbis publication. Ghwd Nlge joints ill 
laminations for hOJ'izontall)r Itlminn,t('d Ilwmb(,l's and fo!' eompr('ssion 
and tension members should pl't'[I'l'ably I1lso m(>('t thl' fOI'('going lW!Ull'(" 
ments. 

,JO[~TS I~ 'rll/~ "lilT" OF LA)UNAl'.IONS 

Laminations ('ompospd of 2 OJ' more pillC'l'S ('dg<' gitwd to pneb ot1l <' I' 
prior to final surfacing may be' ('onsidN'(ld os 1-pi(l('(' huuinations. In 
vertically laminn,t(ld heams, all lmninn.tions j'('q uir('(/ for' s[1(lar J'('sist­
ance shall be I-piece. For m('mil('l's to 1)(' f'Xpos('(\ to thE' wcather' 
or equally SE'Vl'J'e sPJ'yicC', it is PJ'('[t'l'obl(l t\w;t n,ll 111milllltions be 011e 
piece. In hOl'izontall)T li1ll1illl1tNI momlw['s fOt' intf'rior liSP, laminations 
may be 1 picc(' oJ'may bt' of 2 01' mol'(' pi('(~('s, [lot (ldgp glued. Edgt' 
joints in adjacent lamiJIIl,tions, pn,l'tieuln,.I'iy foJ' Sf'YI'J'P eonditions of 
exposw'C, should be srplJ.['a.tt'u by llot 1('ss thtw the lalltitlation thick­
ness. • 
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JOINTS IN THE LENGTH OF LAl\UNATIONS 

Types.-Butt joints may be used. 'l'hey should preferably not be 
used in the laminations of tension m<'lnbm's, in the laminations com­
prisil1g the tension s(\ction of fit'xure llwmlwrs, nor in {Lny laminations 
of the curved sectiou of a member. Dup aceolUlt shall be taken in 
design of the effect of butt joints in reducing the oHective area of a:ll.i­
ally stressed members and the net momcnt of inertia of flexure mem­
bers. 

Plain or stepped scarf joints may be used. Scarf joints steeper than 
1 in 5 fOT interior usc or 1 in 10 fOT exterior or equally severe service 
shall not be used. 

End joiuts of other types may b(' used pro\-idod (a) adequate infor­
mation is available on which to base limitn.tions of slopt', spacing, 
and placement, and on whieh to cakuln.te n,llowal>l(' dl'sign stresses 
fol' members having laminations containing such joints, or (b) they 
llJ'l' pln,ced and treated, in the design of til(' memlwl', n,s if they wore 
butt jOillts, . 

No ellsi joints of any type shall bt' pl'l'mitted in tIl(' In,minations of 
til(' outer one-fifth of the depth of 11, Ht'xlU'e mcmbl'r whert' the radius 
of curvn,turt' to whirh tht' lamination is bent is less than 125 times 
the.' thickut'ss of the lamination. 

Spacing.-Butt joints in adjaeent Inminatiol1s of mdally stressed 
mt'mbers shn,ll be spaccd not closer longitudinally than 50 tim('s the 
lamination thic!uwss unh'ss n,('('ount is taken in d(1sign of the effect of 
('loser spacing, In fiext! I'l~ me'mbel'::;. th(' mininnun 101lgitudinn,l spacing 
shall be 10 times the 1l1minll,tion thicknl'ss, 

,'-her(' scn,d joints occur in compression membt'J's 0,1' ill the compres­
sion portion of f1t'xU1'e mflmhl'l's, tLIPI'£' 111'(' no limitations 011 the spacing 
of joints in adjn,cent lfilninn.tiolls, hut sonu' dispc')'sioll is d('simbl(', 
In t('llsion m('mbel's or th£' tension S(,(,j,iOIl of I\exun' lll('lIlbers, scarf 
joints in adjac('nt In,minations shnll be longitudinn,lly spllcec1, center 
to ecnter, at least 24 tilll('S tht', lamination thickl.H'sS where the design 
stress is at tIl(' full allowl1blr \'I1]ue, For lesser vlI.lUPS of stress, the 
minimum I'cq uirod spacing may dl'C1'OIlSt' linearly to zero in areas of 
zcro stress, 

AIlHANGEl\lENT OR DISTHlRUTION OF TAPER 

TIll' l!1pt'I'ing of llwm bpI'S Lhn.t valT in depth shn,lf be aoeomplisbed 
by Oll<' of the following uwLbods: 

1. '1'11(' inembel' simll be buil( up to II'PPl'oximMel,Y t.he desh'eddepth 
and formed to the desil'cd slmpe, If, by tbis pl'oeedul'e, the sLope of 
grain with resl)('ct to the ouLl'l' sUJ'fo.,ees of the member becomes steeper 
than the gl'l1in slopc' pc'rmitLt'd in Lhe outer laminations, one of the 
following proeed ures sball be used, , 

2, A. group of out('l' In,mil1aLiolls totaling vJ lcast one-fifth of the 
depth of the member ILt the point of muximurn depth, or one-half the 
depth of the mcmb('I' ILL the point of mininuun de,pth, shlLll run parul­
1<'1 to en.eb face of (,be member, with tIll' remaining lall1inn,tions so 
arJ'anged that it will nol be llN'essal'Y to tapcr their ends to a slope, 
with I'CSpc,eL to the gl'nin dil'(~(\Lion, st.eopel' than LlU1t permitted for 
scarf joints in the outer group of llLminations, Such L1Lpel'illg shall· 
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·be doIie by the use of techniques that will insure that glue joints be­
'tween the inner and outer groups of laminations will have a quality 
equal to thathetween laminations. 

3 . .All laminations shall runpaTallel to the center line of the member, 
,except the last one at each face, which shall follow the curvature of 
the face. Fitting of the ends of the central group of laminations shall 
'bedone by the use of techniques that will insure that glue joints 
:between the outer laminations and the central group will be of a 
quality equal to that .between laminations. 
, 4. The total taper shall be divided with approximate uniformity 

;aIllong all laminations; that is, each lamination shall be tapered in 
the same proportions as the member itself. 

INSPECTION 

Plant or other inspectIOn to insllre quality of the finished product 
should cover at least the following points: (1) quality of materials, 
(2) proper fabrication techniques, (3) quality of glue joints, and (4) 
proper placement of edge and end joints and material of various 
grades. 

GLOSSARY 

Air-dried or air-seasoned. See Seasoning. . 
Arch. A structural element whose general form is that of a curve and which is 

so supported !ihat horizontal as well as vertical motion is resisted. '''hen the 
ends of the arch are fixed in position with respect to the abutments and the 
member is continuous between abutments, it is known as a fixed arch; when it 
is supported at the abutments by connections incapable of tranSI,nitting moment 
and the member is continuous between hinges, it is known as a .2-hinged arch; 
when it is supported as is a 2-hinged arch, but is made of 2 parts joined at an 
intermediate point, usually the center of the length, by a connr;ction incapable 
of transmitting moment, it is known as a 3-hinged arch. 

Basic streS8. See Stress. 
Beam. A structural olement, supported at one or more places along its length, 

the principal function of the element being to support loads acting more or less 
transversely to the long dimension. 

But{ joint. See End joint. 
Check. A separation along the grain extending, generally, across the rings of 

annual growth. 
'Chord. One of the principal members of a truss, usually horizontal, braced by 

the web members. 
Close-grain rule. Rules for classification of lumber on the basis of rate of growth 

(rings per inch). The rules at present apply only to Douglas-fir ancl redwood 
and differ slightly. Struct\lral material of these species meeting the require­
ments of these rules is assigned somewhat higher working strcsses than is 
material not moeting these requirements. 

Column. A vertical compression member 011 which the principal loads are parallel 
to the axis (a line joining the centers of gravity of all cross sections) of the piece. 
Short· colllrnns are those which fail primarily by shearing or crushing; illter­
mediate COIUIllIlS are those which fail by a combination of shearing or crushing 
and flexure; long columns are those which fail in flexure; simple columns are 
those whose cross section Ill; all points is a closed area; spaced columns are 
those composed of two or more Simple columns spaced some distance apart 
and connected at bwo or more points, usually with metal connectors at the 
juncture of the simple colum.n and the spacing elelllent. 
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Cross grain. Lack of parallelism between the longitudinal elements of the wClod 
and the axis of a piece. Applies to either diagonal or spiral grain or to a com­
bination of the two. 

Diagunal grain. A form of cross grain resulting from sawing at an angle with 
the bark of the tree. 

Spiral grain. A form of cross grain resulting from the growth of the longi­
tudinal elements of the wood ~tlirally about instead of vertically along the 
bole of the tree. 

Defect. Any irregularity in or on wood that may lower its strength. 
Delamination. Separation of two laminations due to failure of the adhesive. 
Density rule. Rules for clas~ification of lumber based on percentage of summer­

wood and rate of growth (rings per inch). The rulcs at, presellt apply only to 
southern yellow pine and Douglas-fir and differ slightly. Structural material 
meeting the requirements of these rules is assigned somewhat higher working 
stresses than is material not meeting thcse requirements. 

Diagonal grain. See Cross grain. 
Edge joint. The juncture of two pieces joined edge to edge, commonly by gluing. 

Thifi may be dune by gluing two squared edges as in a plain edge joint or by use 
of machined joints of various kinds, s\lch as tongue and groo\·e. 

Edge grain. Lumber that has been so sawed that the annual growth rings form 
an angle of 45 degreeR or more with the wide surface of the piece. 

End joint. The juncture of two pieces joined end to end, commonly by gluing. 
Bull joint. An end joint formed by abutting the squared ends of two pieces. 

Becau~e of the inadequacy and variability of glued butt joints, they are 
not generally glued. 

Scarf jowt. An end joint formed by joining with glue the ends of two pieces 
that have been tapered to form !'loping plane surfacp!>, uSlially to a feather 
edge, and with the same slope of the plane with respect to the length in both 
pieces. III some cases, a Rtep or hook may be machined into the scarf to 
facilitate alillemen t of Lhe two ends, in which case t.he plane is discontinuous 
and the joint is known as a stepped or hooked scarf joint.. 

Flat grain. Lumber that hus been so sawed that the annual growth rings form an 
al1gle of les') than ,15 degrees WIth the wide surface of the piece. 

Fonn factor. A factor to be applied to the usual formula for resisting moment in 
a beam to take account of the diffcrence between the stre~scs developed in 
beams having certain cross-sectional shapes and those developed in a beam 
hadIlg a solid 2- by 2-inch cross "ection when compuled by means of t.he usnal 
engineering formulas. 

Grade. The designation of the quality of a man\lfactured piece of wood. 
Harciwoods. The botanical group of trees that are broadleaved. The term has 

no reference; to the actual hardnes~ of the woud. Angiosperms is the botanical 
name for hardwoods. 

Heinhtfactor. A factor to be applied to Lhe usual formultt for resisting moment in 
a beam to take account of Lhe dilfcrencc between the I';tress()s dC\'eloped in beams 
of various height::; and tho~e developed ill a beam having a Roliel 2- by 2-inch 
cross section when computed by means of the usual enl!inecrillg formulas . 

.Joist and plank. Pieces (nominal dimensions 2 to 'J inches in thickness by 4 inches 
and wider) of rectangulll.r cross section graded with respect to their strength 
in bending when loaded either on the narrow face as joist or on the wide face 
n~ plank.

K "n-dried. See Seasoning. 
n.l!ot. That port.ion of a branch or limb that has been surrounded by subsequent 

growth of the wood of the trunk or oUlPr part of the tree; also a crol's section of 
such a branch or limb on the surfnce of a picce of wood. 

Decayed knot. A knot which, due to advanced decay, is sofler than the 
snrrounding wood. 

Encased knot. A knot whose rin~s of nlllltlni growth arc not intergrown 
wIth those of the surrounding wood. 

Intergrown knot. A knot whose rings of anuual growth are completely 
intergrown with those of til(! surrounding wooel. 

Plth knot. Sound knoL haying pith bole not O\'cr ~~ inch in dinlI1eter. 
Round knot. A knot whose sawn section i~ ovaloI' circular. 
Sound knot. A knot which is solid acrCSR its facc, at least as hard as the 

surrounding wood, nncl shoW!; no indication of decny. 
Spike knot. A knot cut approximately parallel to its long axis 50 thnt the 

exposed section is definitely elongated. 
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,L(lminated wood. An assembly made by bonding JayeI:S of veneer or lumber so 
that the grain of all laminations is essentially parallel. 

Horizontally laminated wood. Laminated wood in which the laminations are 
so arranged that the wider dimension of the lamination is approximately '.:,
perpendicular to the direction of the loads. 

'Vel'ticalllllominated wood. Laminated wood in which the laminations are so 
arranged that the wider dimension of the lamination is approximately
parallel to ,the direction of the loads. 

Lamination. One layer in, or to be used in, laminated wood. It may consist of 
a single piece or of a number of pieces in width or length, with the edge and end 
joints glued or unglued. 

jl{oi.~ture content. The amount of water contained in the wood, usually ell.-pressed 
as a percentage of the weight of the oyen-dn' wood. 

Plam-sawed. Another term for flat p;rain. -
Plywood. Across-banded assembly made of layers of veneer or veneer in 

combination with a lumber core or plies joined with an .adhesive. Two types 
of plywood are recognized, namely: (1) veneer plywood, and (2) lumber-core 
plywood. 

N oTE.-Gencrally the grain of one or more plies is approximately at l'ight 
angles to that of the other plies and almost always an odd number of plies are 
used. 

Quarter-sawed. Another term for edge grain. 
Radwl. Coincident with a radius from the axis of the tree or log to the 

circumference. 
Rute of growth. The rate at which a tree ha~ grown wood, measured radially in 

the trunk or in lumber cut from th€' trunk. The unit of measure in use is the 
number of annual growth rings per inch. 

Ring, annual. The annual growth layer as viewed on a cross section of a stem, 
branch, or root. 

Scarf joint. Hee End joint. 
Seasoning. The remoyal of moisture from green wood in order to improve its 

serviceability . 
.flir-dried or mr-seasoned. Dried by exposure to the air, usually in 8· yard. 

without artificial heat. 
Kiln-dried. Dried in a kiln with the use of artificial heat. 

Shake. A separation along the grain extending, generally, between the rings of 
!lnnual growth. 

Softwoods. The botanical group of trees that have needle or scalelike leaves, and 
are evergreen for the most part, baldcypress, western larch,'and tamarack being 
exception;;. The term has no reference to ·the actual hardness of the wood. 
Softwoods are often referred to as conifers, and botanically they are called 
gymnoSperllls. 

Spiral grain. See Cross grain. 
Split. A lengthwise separation of the wood extending from One surface generally 

across the rings of aunual growth through the piece to the opposite surface or 
to an adjoining sunar::; R through check. 

Springwood. The portioll of the anllual growth ring that is formed during the 
early part of the season's growt.h. It is usually less dense and weaker meQhan­
ical1v than summerwood. . 

Strength. Tlte term ill its broader sense embraces colleotively all the properties 
of wood that enable it to resist d.ifferent forces or loads. In its more restricted 
sense, strength may apply to anyone of the mechanical properties, in which 
e,vent th~ name of the property under consideration should be stated, such as 
strength in compression parallel to the grain, strength in bendill/!, Or hardnell>!. 

Strength ratio, A ratio rcpresentinl!; the strenp;th of a picce of wood remaining 
after making allowance for the maximum etfect of the permitted knots, cro:!s 
gmin, shakes, and other defects. 

Stre8s. Force per unit of area. 
Busic stress. The working stress for defect-free material. It has in it all 

the factors appropriate to the nature of structural timber and the condi­
tions under which it is used except those that are accounted for in the 
strength ratio. 

Working stress. The fitress for lise in design of a wood member that is ap­
propriMc to the specie.'; and grade. It is obtaincd by multiplying the ba.<;ic 
strc.~s for the specieS aud strength property by the strength ratio of the 
grado. 
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SmlLmerwood. The portion of the anllllal growth ring that is formed· after the 
springwood formation has ceased. It is usua.lly more dense and stronger me­
chanically thau sprillgwoocl.

'l'angenLial. Strictly, coincicleni; with a. tangent at the circumference of a tree or 
log, or parallel to sHcha tangent. In practice, however, it often means roughly 
coincident with 11 growth ring.

Timber, one-piece sa·wlt. A timber COllsifltillg of a single piece of wood and formed 
to it.'S final dimension>, by no othel' ltIanufucturing operations than flawing or 
suwing and subsequent planing of one or more ::;urfaces. . 

Truss. A frs.mework consistinlJ; of straight membcrs, witll tlXes 1.111 lying in the 
sallie plane, so conneded a.." to form a triangle or 1leries of triaugles. III some 
ca..ges, as in a bowstring trnss, Lhe ehord members may be slighlly eurvecl, but 
the curvature is generl.1!ly so slight that it complies eRsentiaUy with the defini­
tion. 

'-en8er. A thin laver or sheet of wood. 
Rolarl/-cllt veneer. Veneer cut in a continuous strip by rotating a log or bolt 

against a knife. 
Sa.wcd veneer. Veneer produced h.\' sawing.
Sliced veneer. \'cneer that is sliced otf by Illoyjng a log, bol t, or !!itch against 

a knife. 
VrrUcal groin. Another term for ocl.~e g;ruin. 
W(lne. Bark, or laek of wood Or bark frolll all}" causc, 011 all edge or corner of a 

piece. 

Working stress. See Stress. 
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APPENDIX 

EFFECT OF END JOINTS 

JOINTS IN BEAMS 

Laminated beams with end joints in the laminations have been 
tested at the Forest Products Laboratory. The types of end joints 
tested and their locations are shown in iigures 69 and 70. 

The variation in longitudinal strains within beams having joints in 
laminations was measured in typical beams of all types for loads below 
the proportlonallimit. In every instance, the variation of strains on 
a cross section was essentially linear, except in the immediate vicinity 
of the joint, and the point of zero strain was at or very near the mid­
height of the beam. These facts indicate that, lmder working .loads, 
the deflection of the beams and the general stress distribution are 
determined by the properties of the fuJl cross section, with the joint 
acting as a stress ra,iser to cause local variations in stress. 

'1'le strains in the neighborhood of a joint were i'Olmd to reach 
measured values as much as 2X tinles as great as the st.rain at the same .. ~ 
\rertical position in a cross section that was at some distance from the 
joint and subjected to the same moment. It was not possible to 
measure the strains on the most highly stressed iibers, and it is there­
fore safe to sav that strains in excess of measured values exist. 

These £ndmgs are consistent with mathematical ill\'estigations 
(21) dealing with stresses in beams of orthotropic. materiaL '1'he in­
tensity of stress at the extremities of the major axis of an elliptical 
hole with a ratio of major to minor axis of 50, and oriented with the 
major axis perpendicular to the direction of principal stress, is shown 
to be some 240 percent as great as the stress at some distance from 
the hole. Such a condition is somewhat analogous to that of a butt 
joint in a lamination. 

Data, for each beam with joints are plotted in ligures 71 and 72. 
In each diagram the abscissa is the ratio of In, the net moment of 
inertia (computed as if all joint,ed laminations were totally ineffective) 
of the jointed beam, to I g , the moment of inertia of the full cross 
section (01' moment of inertia of the control beam), with both moments 
of inertia being taken about the axis at midheight of the eross seetion. 

,',Tbe ordinate in each is the ratio of the load on the jointed beam to the 
load on the matched control beam. The heavy dotted lines represent 
the load ratios to be ex-peeted from the ratios of moments of inertia. 

BUll, joints.-The diagrams indicate tlmt the proportional-limit 
ratios for beams with butt joints in the bott,om laminn,tions ill'e much 
lower than tbe ratios of moment of inertia would indioate, although 
the ratios for modulus of ruptlu'O approximate tbo expoeted values. 
Beams with bb,tt joints in the laminn,tion next to the bottom one fell 
somewhat short of expeet,od load ratios. Even with the gr'eatest spac­ "J 

ing used, joints in the seGond find tbird laminations from the bottom 
~ 

.': 

, 

appeared to lower tbe stl'englih below Lhll.t estimn,ted by flsouming 
both jointed laminations to be totally ineffeotiYe. 

":.' , 147 
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FWt'RE 69.-,/oiuting patterns for illl1lituLted beams. Patterns I, 2, ii, and 6 are 
butt joints in single laminations. l'llttern 3 is un Onsrud joint. Puttern 4 is 

f'·' a serrated scarf joint. 

E:x-pectecllofLd mtios are approximated b.,' beams with butt joints 
in the top lamination or in the ImninfLtion next to the top. Data for 
beams 'with butt joints ill the seeoncll1l1d third laminations from the 
top initioate ~hat, e,'on witb tile greatest sptwing used, the strength 
was no greater t1!fLll wOllld be estimated from tbe asstunption that both 
laminations were .inetfeetiYc. , 

'1'hese dfLta :i:ncLic(Lte that butt joints hfLYC somewhat more serious 
·effects when iu tbe tension tbfLn in Lhe compression half of fi, beam. 
'rable 10 affords a Gompt1r.ison of the efl'eds of butt joints in the two 
locations. AYe1'l1ge ;I'aLios of tbe properties of beams eontaming butt 
joints to tbose of beMUS conLnining no joints nrc shown for comptLl'!1ble 
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FHl{'Rg 70.- ,Ioiu f iug pat1,(,l'11g for Jam ill!1ted beams. Patterns 7to 9 and 13 
through 18 arc butt joints ill more than 1 Jamination, with various spacings 
between joints .in adjacent. laminatiolls. J'uttCrIlS 1.0 to 12 are scarI joints of 
various slopes ill single laminations. 

locatio.Ds in the t.ension and eompl'eSSiOll portions' of beams. Also 
shown are ratios of tbe values for beamsc;mtl1ining joints in the 
tension half to t.hose for beams containing joints in the compression 
half. Values of this rutio lower (,han unity indicate a more serious 
efreet fOI.' joints Oil the tension (,Ium for those on the compression side. 

• 
The ciat!!. of t!!.ble 10 twe somewll!!.L OI'l'atic. It is apparent, neyer­

theless, thaI, the mtiosLf'Tld. to be lower HUlll unity, partieulady for 
bULL joinls ill tllP Ollt,er luminn.tion on Ute tension side. This fact, 
together' with Lht' erratie I1IL[ ure of the data, indien.te the clesimhility 
of avoiding buLL joilYLS in the tension half of a flexure member.. If 

http:indien.te
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Ji',WtTRE 71.--Ratio of proportional-limit load for beam with joints to proportional­
limit load on control beam. Net moment of inertia computed as if aU jointed 
laminations Wf!l'C toLally iI\effective. 
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FIOURE 72.-Ratio of. ultimate load for beam wIth joints to ultimate load on. 
control beam. Net moment of inertia computed as if all jointed laminations 
Were totally ineffective. 
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hutt JOInts are used, an additional factor should be considered in 
computing the strength..;reducing eflrect of' butt joints beyond that 
used for butt joints in the compression half. Oonsidering the data 

, Of table'IO! it appears that a reduction of at least 20 percent should 
, be applied to the moment of inertia computed by considering the 

jointed laminations ineffective. Wher'e a butt joint is located in the 
-outer lamination on the tension side, the ,'eduction should be at least 

, 40 percent. 

TABLE 1O.-Gomparison of properties of beams having butt joints in 

tension laminations with those of beams having butt joints in compres­

sion laminations 


8-1,AMINA'rION BEAlIIS 

Fiber stress at proportional II Modulus of rupturelimit 
I ____________________ 

I

Ratio of jointed Ratio of jointed 


to nonjointed to unjointed

beams. Joints beall1~. Joints 


Location of joints in- in-I 
Ratio .Ratio 
(3) /(2) (6)/(5)Com- Com­

pres- Tension pres­ Tension 
sion lamina- Kion lamina­

lamina- tions lamina­ tions 
tions tions 

(1) (m (3) (4) (5) (6) (7) 

Outside lamination __ •. f 0.70 i 0,28 0.40 O. 91 0.75 O. 82 

Second lamination I I


from outside_______ .79 .89 1. 12 .87 .78 .90Average_____ ____ .... , __ .._.. .76 -------- -------- .86 

Il-LAMrNATION BEAMS 

Ouh,ide lamination __._ O. 84 O. 33 0.40 0.89 O. 81 0.91
Second lamination 

from outside. ______ .81 .81 1. 00 ,96 .76. .79 ....Second and third lami­
nations from out­
side: 

Spaced lOt. ______ ,82 .81 .98 .68.99 .67Spaced 201. ______ .81 .64 .79 .89 .60 .67
Spac(~cl 301.. _____ .74 .66 .89 .79 .56 .71Average_______ , ________ 

-------- .81 -------- -------- .75 
I 

17-I,AMINA'I'ION REAMS 

------------~--- ~--~-

Outside lamination____ 0.84 G.42 0, 50 O. 77O. 99 O. 78Second I ami na tio n 
from out.,idc ______ . .91 .97 1.06 .95 .78 .82Average. _____________•. __ . ___ _ .78 ,_. _______ . _____ _ .80Avemgc of aIL_". _____________ . 

.80 1--.-----1-------- .79 '. 
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. To supplement the joint spaeing data discuss('(l above, an additional 
set of 12-lamination beams was teslecL The second and fourth 
laminations from tlU' top contained butt joints in the same cross 
section, and tlt(' third and fifth laminations ('ontained butt joints in a 
el"OSS section 4, 7, or 10 times tlw lamination thielmess distant from 
that containing joints in tllt' sE'cond and fourth laminations. 

The l'E'sults of tbesp tests are sho\\"U g['aphicall)' in figw'e 73; show.n 
also al'e tbe data from the cadier series, The horizontaL dashecllillcs 
in the figure are dra\\"n at len-Is representing thE' ratio of st['cngth of 
jointed to uujoinU'd bpams. b,\' assuming thn,t thE' stn·ngth of the 
jointed beam is proportional to the net moment of inerlia eomputed 
by assuming ('('['tain ('oml!iuations of laminations i[l('fl'eetivc, The 
upper dashed litH's in tlH' left half of thc' figure at 81.5 perccnt have 
bad the se('o11<1 and fourth laminations frcm the top omitted from the 
('omputation of nl'l !l10llwnt of inertia, The 10w('[' lines at 69.3 
percc'nt hav(' had tlH' s('('olld. thir'd. fourth, 11mI fifth laminations 
omitted. Th(' corTes[londing lines 111 the nght half of the figur'e have 
bad the secoud and tb(' third laminations from tiJt' top omitted in the 
eomputn.tions ['pp['('s('ntl'd IJ)- (11(' linps at 85.5 and 77.3 pC'rcent, 
r·('spc,cti\-('ly. 'I'llp lIPPp[' lillps l'ppr'ps('nt tb(' str'pugth ",bc'll only the 
hutt joints at H singlt' ('('oss Sl'(,( ion ('on(rilmtC' to str('ugtb ['eduction, 
whill' til(' 10\\,('(' lines I'pl)f'('sput till' sl['('ngth wben n11 butt joints 
('ontribut(' 10 str'png'lil l'('du('(ioll. ns if all w('r'l' Itt n. singh' ('ross section. 

In the left hllH of lil,"1u'c 7;~ tht' t['C'nd is to\mr'd the upper linc with 
in('I'ensing spaeing. with tlH' llY(,nlg<' mLio corl'esponding essentiall.r 
wi tit the l1pl)('1' line al II spacing of 10 timC's tll(' laminn.tion thickness; 
thus, n joint spacing of lOt appetU's adpqUll~(;. In ttl(' rigltt half of the 
figure, tbp trend is gE'nel'tlll.\" dCH,-nWtlnl. TilE' reason fot' this decline 
is not known. but it may ('('suIt from tbe concentration of shear stress 
in the yicinil \- of t1l(' loael points as discllssed lILt PI'. At a joint spacing 
of :3Ot. tIl(' jOints wpre onl.\' about 1.05 indies from tbe load points. It 
is possible'. tlll'l'dol'(" that till' sln'ss ('oneentl'fl.tion ncar' (hp lond points 
has eontrilmtpd to tbp str('ngtb l'l'<luetion nt tbe gl'('ntcr spueings and 
tllal. had t1lP joints Iwen farthcrfl'Oll1 tbe load points. bigher values 
would hnYt' l)('el1 obtnineel. It nppears d('sirn.ble. from this, to keep 
hutt joints in benms well nwn)- from (,(Hu'pntr'aled londs. 

':\fodulus of c·lastieit,V appcal's to be unaffected by butt-joint spacing, 
n1thollgh thrl'c appellrs to be some lowering \\'hell thc joints are near 
ti1t'loud points. 

OTisrud joillis.-Brllms with Onsrucl joints in thE' bottom lamina­
tions werr no brtte'1' in modulus of l'lrptu['(' tban those haying buLL 
joints similnl'l,v loen.[rd; n.t proportional limit. the two types gnye 
E'ss('ut iailv till' sn.llH' ('rsul ts. Ot h('1' U'sts (1;2) 1In\"e shown low effi­
rieney in 'tension for joints of t.his Iype. so tIm! Ihe,\T eannol b(' ('xpeetcd 
(0 hc essentially ditrcrcnl from bUll joints ·witb rcspect Lo their be­
hnyior' ill n. belLm. 

Scali .ioint.~.-'1'hc dilta inelien.lr thnt beams with searf joints (ser­
rated scarf Ilnd plain send with slopes of 1 in 12, 1 in 8, or 1 in 5) are 
nearly equnl in strength to beams with continuous lamina,tions. and 
considerably bettE'r than tbe prediction bnsed on thc assmnption that 
the jointed lamination is totally inefi'ective. The data nfl'orc! little 
basis for difl'ercnlintion among the 4 kinds of joints, but the efficiency 
of pla.in scarf joints in tension in (tDother series of tests (12) nvern.ged 

http:inelien.lr
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about 95 percent at a slope of 1 in .20, about 85 percent at a slope of 
1 in 10, and decreased rapidly with further increase in steepness of 
.slope to an average'value of less than 70 perccntat a slope of 1 in 5. (. 
A serrated scarf joint of the type used jn the beams averaged about 
64 percent. 
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FlGURf173.-Uatios of propertics of beams with spaced butt ioints to corresponding 
proper tics of unjointed beams. 

In these tension tests Illld in the tests of beams, end joints were 
formed by cutting a lamination or board in two at approxima.tely the 
desired slope and, after machining the parts, by gluing them together 
in approximately their origiuI11 positions. This \\'tIS done in order to 
get the best possible matching between jointed specimens and those 
without joints. It resulLed in summerwood being glued to summor­
wood and spt'ingwood to springwood mOre consistently than can be 
expected generally. In commercial fabr'ication, Slllllll).erwood will be 
joined to compamtivcly weltk SPl"ingwoodovcr purt of the lUi:;}, of the 
joint. Even wiLh the best teelinjque in fitting I1nel gluing, therefor!', 
lowered efficiency is to be e~-pccLcd.. ; 
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In some beams with joints in the outer lamination on the tension 
side, the strength of the jointed lnmination is very small as compared 
to that of a continuous lamination, The load that would cause failure 
of the outer lamination would, in such beams, be insufficient to cause 
failure of the reduced beam formed by considering the failed outer 
lamination to be ineffective, There would, therefore, be a "floor" 
below which the strength of the jointed beam would not be ex-pccted 
to falll'egarcliess of tbe reduction in st['pngth of the outer 1amination 
caused by the joint, These £ioors, represpnteci by the strength of the 
reduced beam, would be at 77, 83, and 89 pe['cent of the strength of 
an unjointed full-depth beam for 8, 11, and 17 laminations, re­
spectively, 

The expected strengths, computpd on this basis, arp shown in table 
11 as cnlculntpd for effici('ncies of 92, 84, and 70 percpnt for plain scarfs 
having slopes of 1 in 12, 1 in 8, and 1 in 5, rcspediyply. and G4 pel'(~ent 
for a serrated scarf (12). '1'11psp e::q)ected strengths a['p giyen in table 
11 as pcrccntnges of thp strpngtbs of unjointed beams, togpther with 
tIl(' average ratios from t('sLs, 

The lack of agreempnt Iwtwcpn pxpeetpd ill1d trst ntlues may bc 
PX1)htinpcl on thp basis of errors in ehoosing UI(' efficipncics for calcu­
lating the ('xp('('[rd values, '1'hp rangr in ('ffi('ipnci('s at any given 
slope of seil,['f is great. and thl' llctmtl (,ffj('irJ)cies of the joint<'d lami­
nations of the bcams may hav(' been ('ol1si(\('['ably gn~lttt'r than those 
{'hosen fo]' the elliculations, In onh- thl'el' instances wel'e the test 
ilyeragcs below the expectpd yalurs .. 

TABLE 1L-EJ"Pl'cilC{ ,~Irellgllt l!f beams ~I..'ilh 8el'ralul and plain scarf 
juints in vula /l'IISio/t laminatioll. and tc-st ralliesfo}' tlte 8ame beu:msl 

Plaiu scar~ strp llgt h 

i'('rruted scarf 


strength 

Siopt' I: 12 Hlopp 1: X Slope 1: 5 


?\Ilmiler of ' 

lamination;; .----------- ­

:\vpr- :\ver­ , Aver­
i Ex- age Ex- agp Ex- . agp Ex- ! age 
; peeled from : pectpd; from ppctod· frolll ]lee'tNI: from 

tpst;; te;;t!' tests tpsts 
-----:---.- ---~-----.. -- ­

! 
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1 Expressed 11$ pprcpntngp;; of the strpngth of compnrahlp unjointed beams. 

It appears rcltsonl1bk to require' that lhe stress III 11. jointed lami­
!lilLion be no greater thn,1l some specificd perecntage of that for' an lln­
joinll'c/ lamina! ion, and to Clllolculate the strength of heams eontaiuing 
jointed laminl1tions ttS outlined ttboyf'. ConsidC'l'ing the' ['angp in 
eHidl'n(:y domonsU'll.ted in ll'nsioll tesls of joint.ed spec:imens and th£' 
probabh' 10werNl ef[jei(~IH'Y of jointed In.milll1LiollS ill gCllcntl as com­
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pared to those tested, lower values than the average cffieieneies found 
from test should be used in calculating the percentage reduction in 

, 'strength of a jointed lamination. 
In the original series, no tests were made of beams containing scarf 

joints in adjacent laminations n,t various spacings. A supplementary 
series of tests were made to investigate this variable. 'rwelve-lamina­
tion be!),ms containing scarf joints in the lower five laminations at 
spacings of Ot, 5t, and 7t were tested. The d!1taare shown in figure 74. 

The results indicate little choice between the spacings invesLigated. 
TIle average sLrength at all spacings is on t1w ordel' of that to be 
expected of a beam containing scarf joints at a slope of 1 in 5. 

The {aiIme to develop higher strengths with increo.sed joint spac:ings 
may be eA1Jlained on the following basis. When the joint in the outer 
lamination fails, this lamination tends to peel away fr'om the re­
mainder of the beam and, at the location of the adjacent joint, the 
beam is effectively c;hallower, so that the stress on that joint is im­
mediately excessive and it fails. Had tbe adjacent joint been suffi­
ciently far away from tile failed joint S" that the "peeling" extended 
only a fraction of the distance between the two joints, the full beam 
depth would have remained effective, and stress on the second joint 
would not have been excessive. 

The data are not extensive enough to show what the spacing should 
be. In view of the fact that a spll.cing of 24t has been used for some 
years, this spacing is suggested until test data ar'e available to permit 
modHication . 

.Modulus of elasticity appears to be unaffected by scarf-joint 
spacing, 

JOINTS IN COLUMNS 

FiguJ'e 75 SIIOWS the type and location of joints iu laminated columns 
tested in compressioll. In figure 7G, the aver'age l'aLio of the maxi­
mum stress 011 the gross eross s(~dion carried by a jointed column lo 
that carried by a matched control eo[umn is pLotted against the gt·oss 
cross-sectional ltl"ea m.1lllts Llutt of two laminations. 

Butt joints.-The ding-mUls in figure 7(i fol' Golumns wiLh butL 
jpillts in til(' 2 oul('r lamino,tiolls oJ tlH' sault' Jt.v(~l ShO\\T tlm!' till' J'lLlio 
df 10t\.ds is at 1('!1.st flS gt'('at as the mtio of llet Lo gross ar'('i\.. 1"01' UIOSl' 
in whieh huLt joints in the 2 outer lorninations WN'e spite(~d 30 times 
the Lhiekness of a lamination (rom joinLl'l in Lhe adja('cnt In.rninMions, 
the load on Lhe jointed column was less thn.n would he expeeLed from 
the. l'l1iio of l)et to gross aJ·Co.. Tho.t is, the overlll,p of 30 Limes ih£' 
lamination thieklH'$S was insllflicient to tl'at1sfCl' and distributc the 
load from joint<'d Laminu.tions. 

AdditionaL do,tn, on bULL-joint sp!1eing in columns WN'C obln.inccI from 
a suppL(~ment!t1 sel'ies of tcsts of shorL eolurnns in whieh joinLs in ad­
jacent laminat.ions weI'(' splH't'd lOt, 20t. and 40t in addition to Lhe 
30t Spaelllg of lhe eadiei' soril's. Tlt(~ J'(ISULLS of tilest' Ll'sts (fig. 77) 
indicate titn,L a spneing of 50t is I'CC[ llir'NI for opLimulll results, At 
lesser spacings, joints in adjn,cent laminations tend lo act as if they 
were at the SiLrn(\ (;rOSS see Lion. Considered in anoLiter WilY, the cross 
section of a lamination adjacenti to one Mnil1iuing It bu[.(; joint is only 
partiaUy dfodive, This eOIlsiclet'i1Lion Wi1S llsed in n.cln,pting the 
data of figlll'c 77 Lo the curve of liglll'c G1. 

.. 
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JOINT SPACING 
( t = THICKNESS OF LAMINATION) 

M91855F 

FraURE 74,-Raj,ios of properties of beams with l-in-5 scarf joints to corresponding 
properties of unjoint.ed heallls, DesignaLlons 12'18, eLc., are specimen numbers, 
J~ach bar represents lCRt on one beam. 

24j()·IO"--ii4-11 
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BUTT JOINTS 
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FIGUR[~ 75.-.fointing patterns [or laminnted columns tested in cOlllpression, show­

ing spacing of joints: A, Butt joints in 17-larnination colullllls: B, scarf joints 

with slop!' of l;;{ ill ll-Jaminatioll columus: C, scarf joints wiLh slope of 1:5 .in 
8-lamination colUll1ns. All 3 types of jointB l('s]'('(J in 8-, J J -, and J7-lamlllatiQl1 
columns (~ut. from l:3"foot lengths as shown and corn pared with unjoiuted COIJ­
troIs adjacent to joiptud columns. Cuf;j,jng plan allowed U inch at each end 
of each specimen for squaring before Lest. '. 
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BUTT JOINTS SCARF"IOINTS (SLOPE 1.'3) SCARF JOINTS (SLOPE 1:5) 
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JOINTS IN OUTER TWO SETS OF LAMINATIONS, 
M91865F 

FlOURE 76.-Columns with joints in laminations compared to columns with all 
laminations continuous. .Toints in outer two sets of laminations spaced 30 
times the lamination thickness. 
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BUTT-JOINT SPACING 

'. M78323F 

FIOCnfJ 77.- Relation bctwcell rutios of strength of but.L-jointed 1;0 that of control 
columns and the joint spacing exprcssed ill.lllultiples of the lamination thickness. 
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Sca,rj joints.-The diagrams for the 4 scarf-jointed constructions 
indicate that, with the possible exception of the 8-1amination columns 
.having joints with a slope of 1 in 3, thm'c is no deficiency in strl;'nglh ". i 
;a8 compared to the control columns, which have continuous lamina­
tions. It is doubtful that the small deficieney in thesl;' instanct:s is 
foigIiificant. From this, it appears unnecessary to modify the strength 
of a laminated column for scarf joints as steep as 1 III 5, and possibly 
fot joints Witll slopes of 1 in 3 as well. 

Supplementary data on the effect of sead-joint spaeing was ob­
tained from tests of short columns containing scad joints (slope] in 5) 
spaced at, lOt, and 24t in adjacent laminat,ions. The results (fig. 78) 
indicate no loss in strength even whore the joints are immedill,t('ly fo. 

adjacent (at). These results, inditmting bigh effieienry for scad 
joints stl-essed in compression, indicatE' iLlso that no restl'ietiol1s need 
be made, from Lbe standpoint of strength, on scad-joinl spacing in 
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FIOURE 713.~- Hatios of !; f fC'l1gfh of f-111-:) sC/Lrf-joillled to COIlt rol colulIlJls for 
various joint spacings (,xpJ'css(~d in mulLiples of the lamination thickness, .' 

,, 
...,.{;". '" I·.,~,~:(\.· 
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'. compr('ssion members. Since the tests were made on members con­
taining 1"('latiydy steep scarf joints, it must be assumed that similar 
l"e'suIts would be' obtained for joints of f1aU('r slope. 

STRENGTH OF END JOINTS OF VARIOt;S TYPES 

'1'h(' t('sts of b('ams and ('ompression mpmbpl"s upon which the limita­
tions on joints w(']"(' baspel. inciudt'd only a limit('d numbpr of typ('s of 
joints in a limit£'d number of locations. .Joint types studi('d ineIuded 
butt, Onsrlld, srrratt'cl scarf, and plain s(,arf ,dth slopes of ] in 12, 
1 in 8, and 1 in 5. In (rsts of bt'ams, only bult joints wpr(' illduded 

'.at or near til(' eompI't'ssiOll fa(,t" while all types \\'('r(' included at or.. 
near tllt' trIlsion faC't'. Only butt joints and plain scarf joints of 
slopps of 1 in 3 and 1 ill 5 Wert' inelllded in 01£' tpsts of eompl'('ssion 
nWlubpI's. 

fihmy tyP(\S of joints ha\'(' h(,(,11 uspd to join laminations end to end. 
SOUl(' of t ilrs(' typl'S ilu,,'(' IWPIl t('st('d ill ('ompI'('ssion and t('nsiou, and 
datu, from t11('s(' t('sls (12) l1I'e includ('d IWl'r to S('I'\'(, a.c; a guide in the 
('hoi('p of joints us \\'(,11 as ill dptprmining tIl(' ppI'(,Plltage of full strength 
thai mny 1)(' nssiglwd to tl. laminat iOIl ('olllaining su('h a joint. 

FiguJ'('s 79 through 85 indi('atp till' ratios of stl'l'ngtb of joiut('d to 
lllljoint ed Rpl'cinH'lls. Tahll' 1:2 indicatps t lw l'ang<' of I'at ios for those 
sp('cinwlI typps for wh idl ranges iU'\' nol shown in tltp figurl's. 

In thl' «'sts to which 111(>s(' clitta IlPrlaiII. (,Ild joints Wl'rt' forme'd b:y 
('utling a bon,rd in two at tLpproximn,tply th(, sp('dfipd slope Iwd, aftf'I' 
machining t lit· PI.l.!"ls, gluing 111(\111 tog(·t hel' ill 11pproximatply thf'ir 
ot'iginal positions. This \\1.1.5 dOIH' in ol'(\rr to gpt th(' bpst possible 
llln,l('hing b('tW('('ll joint('c\ SI)('cillH'llS Ilnd Sp('('illH'llS without joints. 
1t r('Rul t('d in SUIllIl1('l'\\'ood being gltlPd to SUll1111Prwood and spl'ing­
wood to spring\':ood mort' ('onsis[t'ntL,r than ('all be ('xI)(,('(t'c\ w'nprally. 
In actuaL fabrication. sUlnm('rwood will b<, glu('d to spring"wood over 
purl of [lip ar('a of a joint and tlw strength of that part will bp dpp(>nd­
Pllt on tilt' slrPllgth of tIl(' \\'l'uker sprin~"'\·()o(1. so I hat. P"PH wilh tht. 
hpst tP('hniqtl(' in fillillg"'nd gluing.lowel'pd pfIic-iplu'y is to !.>('pxpN'ted. 

In spitp of lIw <:111'(' with whidl Ill(> joints wer(' llULd(', a eonsidt'rabll.' 
l'i11lgP in ('f[iCi('ll(!'- was found for n,ll joint L.' I)('S, B(~cttusP of this l'ILJlgl' 

ttlld tIl<' prohahility LhaL ftl.eLol'y-madp joints in gPIlPml will bp som('­
what Ipss l'ffiei('nt t,lum tbosp of tIl(' Lpsts, thp dpsiglJ ratio of st,f'('ngLh 
of it jointpd to all unjoinLpd Iaminn,tioll pl'oh!1bly shouJd 1)(' bltspd 0;1 
"!\,IUl'l'i son)('what bplow the n,vPI'n~p yltlu('s shown. 

EFFECT OF KNOTS 

FU::XUltAL OEslGN FOIl HOIlIZON1'ALLY LA~lINA~n:D MEMBEIlS 

In figul'p SO iLl'!, pl'otlpd tItt' l'('stilIS or Lpsts on 90 Douglas-fir bpams 
wiLh knots .ill 111(' horizolltnll:- pitwNI laminMions. Eneh point 
!'l'p,'ps('nts tll!' valu(' uPl'i\"('<I from It Lps! of tt11 indi,'idllfLI b('am plottl'd 
Y(,J'tienlly aglLinst I K!10 . C'il'c\l':; eOIlJH,(,tpd by doL[.('(L lint's ('uch 
J'('j1I'PSt'Tlt !l.V('l'llgl' val ups fol' It group of 10 IWH.ms. CUl'v!' (A) is drawu 
as ILIllwP!'agp !'('Jnlio11 bpt\\'!'!')} modulus of I'Ilpluf'(' 11]1(1 IK'fG, 

J t WitS found Ihat, fol' stn's5 H.t PI'OJ)()l'tiOIlIl'\ limit i1n<l foJ' .modulus 
of ruptul'(" thl' Y(,I'lical displ'l'sioll of Ill(' indiyi<iull.l points inel'Pl1s('S 
on 11 1)('J'(~('nL!Lgl' Im:;ls tlS iKiO ill('!'(,!lHI'S. Tltl' displ'!'sioll shO\nt n,t t.he 

...4t,.-.+ "". 
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TABt.E 12.-Ratios of tension- a,nd compression-pomllel-to"groin val'nes of specimens1mth en(Zjoi:nts to those without joints­
C)])o'1lglus-jir and white oak """t:-.:) 

THNSION-l';\RAl,I.ET.-TO-GRAIN 

l;3 
SpeCimCI1H Rntio of strength of jointed to control specimcns based on­

t 
H ~ 

It '-1:- J l\IntcJwd pairs of sp('cilnl'llS i :\Iatchcd boards 1Slope of ~ Rpccil'S nnd type of 1'11<1 joint AvC'rnge 1_______.-___scnrf til. 
Jointed I Control i of all j. ~ I • I 

I tesL I' t,vC'rnfc i Maxi- 1 ~[jni- 'I,·v('rage 1'1axi- Mini- ~ 
ynlucs of !ll I IllU~ll I mum of ~lJ mum mum t.=.l

rnt.loJ'; , ratIOs ~ 
Z(I) (2) (3) (4) (11) _____________,___!-_~_,_,____t ___ ~~I~~__I_(7~._! (S) I (9) : (10) 1-" 
0 
Ol

Douglas-fir:Plain scarL __________________ .. __ , .Vum/ler IXl/mllrr Percent percent! PCl'cmt percent, Percent.i Percent Percent ,:0 
1)0_________________________ _ 3 37 ?7 53 56 (J4 25 _.. ____ +____________.__ 
})o_________________________ _ 6 !::1 

" ,~:.~
3737 3737 SO S7 12·l 58 ______________________ .­

1)0_____ . ___________________ _ ]2 17 17 103 lOS 1137 7~ 1_______________________ _ 
37 37 ().1 05 142 I3n 1_______________________ _ t;; 

1)0___ • _____________________ _ 10 7':1 S2 108 44 --------r-------- -----.-- ?2 - ;~ 

1)0_____ • ___________________ _ 15 1 .I:'j20 3S 3S 9·~ 05 I 145 57 ' ,.\ 

Plai11 scnrf_.. ______ • _____________ _ 
jWhite onk: ~. ., 

])0 ____ •• ___________________ _ J 3 20 20 -11 42 57 28 ,~ 
1)0 ______ •. ____ . ____________ _ ] 13 18 IS 71 7·' lOt ·17 0 

"'J 
-\ 

))0 ________________________ _ ] 10 18 IS 80 8'1 120 132
] 15 :.-

Do _.. _., . __ • ___ . __ ... _______ _ I!J III 02 02 128 65 0713 ,________ ,________ •_______ _1 20 18 18 UO UO 117 ~ DO\lgln.~-fir: 
Serrated scarf. __ -- . -- _________I 1: 3 55 f... _____ , __ g1.5 2.3 57 63 39Square-toothed scarf. ____________ 1:3 72 I -----, -,-------­15 25 72 j
S~rrnt('d scarL ..... ______________ 1:3 130 ,- -··----1--------1-------- 82 £1 ~ 

18 IS 6.1 ,IFmgered. __ ... _____ .. ______________ '_______ _ 82 42 Cl 
!:il52 3514 25 ' 45::=~====C ====: :':=::::=: ·W' l"l 

•
t 



.lt 	 i..'. 	 • • 

Onsrud_____ • ______ .. ____________ ...... ____ _ 

25 	 25 21)" 211)0.________ __ ____ ____ __ ___ _ _______ _ 15 I 25 ;1.' .. , - ~ ""1--: ::::________ _18 18 33 , ___ ,, ____ • -1--------_ 45 16_______ 34Fingered.______ • ______ • _______________ • _.. 
12 I 17 18 1________ -------- 18 22 14 

White oak:
Scrrnted scnrL __ .. _._____________ ]:3 2,1 	 62 44]., I 48 1,. ______ ,_::::=:= :::::::: ~~Square-t.oothed searL _____________ " 1:3 	 1)4 L_______ _ _____ _ j

13 I 23 	 DO I 66 51Fingered______________ .. __________________ _ 43 i. _- - ____________ =: _____ _Onsrud_________________________ 1_______ _ 	 ]5 I 25 43 j 50 40 
15 I 25 25 j--------r------- .. 26 I 34 20 lij 

I 	 t; 
('OMl'rn,RRION-PA RA 1,I,Eb-TO-GHAIN ~ 

~ Douglas-fir: 	 ! i o
Serrated searL _.. _____ .. _... ___ ...... _, ] : 3 ]5 15 100 ]00 I 10-1 	 ~ 80 1. _______________________Squarc-\.oothed RearL ______ • __ .__ 1:3 15 1ii 07 07 103 06 !~------T------- --------
Fingered______________ • ____ _ 	 b]5 15 70 70 no 67 1________ -------. -------- I'!'jOnsrud ______________ •. ____ ._ ___ '....... ___ .. 


62 1. _______________________ -------­15 15 100 100 ] 15 0-1 - - - - - - - -r------- o
l~ing('n'r!----- .. -- .. -_-------- ... ---- .. 	 12 12 7-1 74 85 

White oak: 	 8 
Serrated scarf. __ .. __ ...... __ .. _____ .... _ 1 ; 3 1 102 102 107 	 ------- ~n870 --------I-------______ .1 ________________Square-toot hcd sCIU-f ___ ........ ______ .. 1 ;3 
 1 05 . !l5 100.Fingcn·d _____ •. ___ .. _. _.. __________ .. ] 	 86 ________ .; ________________08 nn 1·12Onsrud __________________________ ,_______ _ 	 88 _. _____ .________________

1 Ill) 100 112 T 5 
, I __.I~__. 	 ~ 

~ 
I Each board furnished 3 RprcimrnR wHh joints nnd 5 conI roIR-·ralioR lherefore b!l.~ed on tn-erngc of Rprcimcm; from it board rather than 

on matched pairs. ~ 
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plain scarf join t ill Douglus-fir. 
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81.-Maximum strength in tension paraUel to grain as related to 

slope of plain scarf joint in Doue;las-fir and white oak. 
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FIGURE 82.-Strength in tension parallel to the grain of white oak specimens with 
various end joints compared to corresponding controls. 
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FIGURE 85.-Strength in compre:;sioll parallel to the grain of white oak specimens •with \·arious end join tl' cnmpared to corrcspondinf.{ controk 

l('ft ('dge is eonsiclel"('cl to be clu(> principn.lly to vu,rin,bility in tIlt' 
strength of the cirar wood, and tIll' incrrn.se in vn.r·iu,bility as IKlla 
increases l"l.'sults from illcrrn.sr in tIl(' vn.rin.biliLv of knot C'ffrct as tIl<' 
size of knots incren.srs. AlIown.nce 1'Ot· vn.l'in.!jility of ekn.r materin.l 
has been mn.de in der·iving the basic Hexm·tLI stress; in COllllection with 
desi&"n stresses for bc'ams with knots in tIl<' In.minn.tions, how(,vel", 
conslderatiolJ ll('eds to bl' givpn to the var·in.bility in knot e£fpct. 
Oonsequentlv, to form CUlTC' (0), tIl£' aVPl"Ugl' curn' has bpPl1 depressed 
b}T a peJ:ceutagp that. inCWl'I"LS,-S uniformly from zc'!"o n.t th" lpft pdge to 
25 percent at lKl1a=O.50. Curve (0) is then bhe basis for 11 suggested 
design curve (fig. 55). • 

The depression of curve (0) below curve (A) represents about 1M 
timps thr ('sLimn.Lpd st.n.ncln.nl dl'vin,tion of thp knot effr.'ct n.s found 
from a sLudy of thl' vl1riancp dup to ylt,.itttions ill cll'ar material and 
that resulting from knot pf}'pet. 'I'll(' ('qun.t,ion of elU'vp (.t1) is 

Y 1=9,907 (J +a.l:) (l-x)3 (7) 

wherp Y1 is Lhp modulus of mpLu["p n.nd ;r.=J,,/Ia. TIll' equn.Lioll of 
curve (0) is 

(8) • 

http:st.n.ncln.nl
http:lKl1a=O.50
http:illcrrn.sr
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V. where Y2 is the vulue of modulus of rupture as read from this curve. 
Conversion oftbe ordinates of this curve to a unit busis give::; 
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~s the equation of the design curve shown in figure 55 where FK is the 

'ratio of the allowable stress to the basic stress in flexure. The cor­

relation of flexural strength with IK/IG implies that the strength is 

reduced by a knot at an \T point; in the cross section, and the form of the 

average curve (curve (A» implies further that the percentage reduc­

tion exceeds the value of the 1"I1tio of Ire to la. 


Similar relations were found for stress afi proportional limit. Ac­

tually, both modulus of rupture and stress at proportional limit were 

considered in fitting the a'~erage curves. While the curve for modulus 

of rupture is slightly high and a cOl"l"esponding curve for stress at 

proportional limit is slightly low for the dnta, it is considered that, 

when both sets of data are considered, the average curve shown 

is an acceptable representation of the average. 


. .A somewhat different concept has been used as the basis of design 
by some fabricators of laminated construction. According to this 
concept, when the outer laminations of a beam are clear, no reduction " 

. ipthe strength of the beam is caused by a knotty interior lamination, 
provided that the 1"I1tio of its strength to that of a clear board is as 
great as the 1"I1tio of the distance of its outer face from the neutral 
surface to the half-depth of the beam, which lal;ter ratio is equal to 
the str('ss at the outer surface of the lamination divided by the stress 
in the outermost fiber of the beam. According to this concept, if it 
is assumed that laminations with knots equal in diameter to one-fourth 
the width. of the beam have three-fourths the strength of clear lami­
nations, such knotty laminations could occupy the middle th1"ee­
fourths of the depth of a beam havll.g clear laminations in each outer 
one-eighth without detriment to the strength as compared to a beam 
composed entirely of clear laminations. Figure 87 has beau prepared •to compare computations from this concept with the results of tests. 

Values of modulus of rupture are plotted against D, th{\ computed 

percentage or proportionate strength deficiency, which was found as 

follows: 


Let b represent the width of the beam, K the diameter o·r a knot in 

the nth lamination from the neutral plane, N the total number of 

laminations, and R the computed ratio of the strength of the beam 

to that of a beam composed of dear laminations. 'Then: 


b-K n ,
R=-b--+-N (10) 

'2 

From the recorded datu. on knot sizes, width of beam, and number 

of laminations, a yalue of R was computed for each lamination (in­

cluding the outer one) on -thE' tension side of a beam and the minimum 

was taken as the value of R for that beam. 'l'hen 


(11) 

where D is the value plotted iLS abscissa in figure 87. The straight 
line shown is drawn from the point representing the average for control 
beams (modulus of rupture equals 9,907, D equals zero) to the point 
representing zero strength at D=l.OO. The tJ:end of the plotted :. 
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point.s should b(' along this line if the conr('pl is valid. It is obvious 
that the majority of the points ar(' b('low tlw line. Mor('over, for 
all but 1 of 14 beams fOI.· which f) (,quaIs Z(,l'O (lK/la is not Z('I'O fOl' 

these), the modulus of rupturI' is bPlow tIl(' av('rage for eontrol beams 
and 3 of th€' 14 arp below til<' minimum for controij;;. Th(' v('rtical 
spread of points that are withi n a lirniJpd 1'[l.Hg<' of tIl(' nbseissa, fUl'Lhpt'­
more, is consi(l<'l'nbl~" gl'patC'I' than in figUl'P 86, IplCl, (~onsrqupntl)', 
cOllfol'mit~· with any Clu've LIutt could lH' dl'a\\11 in figul'e 86 would 
be less good, The concept., tht'l'pforf', is much less yalid for design 
purposes than thp one Lhl1t assumes tll<' stn'ngth ')f a brtLm \\-ith knots 
in th(' laminations to br corrrlatl'{1 with thr valuE' of hJ1a. 

It is rvidrnt, from figuJ'(' 86, thn,t modulus of plnslicity decreases 
with incl'('n.sing I K.'Ia, Titp t~'Pr of ell n"(' I'rln! ing skpngth propPl'tirs 
to hila dpscrJlds (,00 rapi{U~' wiLlI illerpnsing IK'la to bp applicahlp 
to moduhis of E'last.i('.it~", A lillrar I'('gl'('ssioll lilli' (shown as a dashrd 
lill(') indicn,Lrs too high a valur at low valups of IKlla, Thr curvr 
shown is considrl'('d to br an acceptablP {'Pll1'('SpntnJioll of tIl(' dn.(,n, 

ES'('llllATION OF IKIT(J 

.sinc(" the f!telo!' JKI [a is the' drtrl'minunt of tlH' ('f!'('('l of knots on 
the stJ'ength of lamiIlltlNI brlllns, llH'fi,[lS must i)r dl'n'lopNI to ps(imutr 
tllP vulul' of this fndo!' for L)('ums of vfil'ioliS gmd(ls 01' combinations of 
grades. Ollr appl'Oach is to aSSUHH' tllat tlir maximum knot pc'!'­
mitted by UJ(' grn.ding l'uil's is pI'pspnt in ('\'('1')' !n.minn,tioll,withirl tIlP 
I-foot lPng-tIt r(lnt(')'('([ nt (lip cl'iticfll cross SN't ion unci to usr HIP C01'­
Trsponding vnJup of JKIle; in d('sign, O!}\'jollsly, somc' (LPgI'N> of 
dispersion of knots would oc('ur, lJ,nd llH' dispp['sion "'ould mfl,kr the 
probability of stwh a COlH'('nll'ut ion of Imols quill' low, I t is d('sirablr, 
thp1'efoJ'P, to find somp m(,!l,J1S of ('\'nlunting thr pl'obnbility of ocelll'­
l'pncl.' of vlll'ious 1(I\,l'I8 of f K!/ (I nnd to lIS(', in ([('sign. a valtH' of' 1xlfa 
nt some I'{'nsolutbll' 1('\'(11 of pl'obu,hili!,\", A stud,\' mad(' by the 
Kational Lumh('l' 11nnul'urlul'('['s' Association a1ld lli(' FOl'rst Pl'Od­
neLs ,Lauol'ntol'Y hits 1('d to 11 pl'o('.('d llJ'(' for est imn,tillg valu(ls of f K/1G' 

DatiL on knot si7.(, fLnd IO('iltioll W{'l'l' gnlh('t'pd in til(' (ipld on seY{'l'nl 
commercinlluml)('r gmdP8 by mll,pping knot si7.(' lwei lorn,lion for en,ch 
piece, Each gradr was 1'I'PI'('spntpd b,\- /'rolll 50 to nbou I 20() pic'et's, 
with the samples for en.ch gnLd(1 !wing ULk(ln f('()rn II flUrtl/)('I' of SOllrct's 
in order to gPl a mol't' n.d('quat(' ['PPI'pst'lllation or the p'l1,d!', SfLmplC' 
pieces w(lTe chospn in such a wn,\' n,s to !ll' Slll'(, o/' mndolll su,l1lpling, 

The [pslg (/; .'icri/)('(I endi{'" }m.c! shown thnt 111(, pl'O(wrtic·s of In.m­
mnted b~i:ms \\'('1'1' 1111'('('[('(1 b,\" tlH' kno (s wit" iII It \-foo l l{'ngtb ecll­
tercel ttt a rd liefLI (\l'OSS s(\('l ion. II was Jl('('PSSH.I',\', thpl'(,[ol'l', to study 
the sums of knot si7.('s wil!,ill \,~lI'iOllS I-fool kllgl hs, 

It was assul1lpd that fln,\' point in !lIl,\- pi('('p ('ould b(' at UH'midpoint 
of n I-foot Il'ngLb (,(,lltpl'('(1 nl a singIt, ('[,oss section of' nn assPlllbly. 
Hence it was nol sufTic.ipnl 10 lIS('· t,ll(' I-fOOl Ipngtbs t'Slil,blisbed by 
mcasurements f!'Om LIte ('uds of the pipct·s, Instead, Sllms of knot 
sizes wcre m(,Hsul'ed ill LJlc fec't bpginning at each :!-inc.h poinl, thus 
nl:>Pl'OXmlately lllet'ting LlH> eritpJ'ion Jlll'llLio1lcd abov(' nuc! consid('r­
ably increasing Lhl' numlJ(ll' of [(wL nViLillLhl(1 for sludy, 

• 


The first proc('dul'(' 1'01' (:sLablishmenl of pl'obi\,bilitil.'s of occurrence 
of various VnLtH's of 1K/ [(I (,lIl1L was sLudi('cl ('.onsisL('d of compu ling 
values of 1KJIa for n, considorn.ble numul'l' of iLssl'mblies wiLh rn.nclomly • 

http:E'last.i('.it
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chosen laminations and then studying thc distribution of computed 
values. Computations werc made for 100 asscmbli~'s, each of 2, 4, 6, ,i' 

. .. 16 laminations. TIl(' feet to be ussNnblecl for the various 
"beams" were l'andomh' ehosPll by means of a table of random num­ :\bers from the various 1'('Pt of Img'lh sc'lpelpd h.s (IPscrii>('(1 above. 

Cumulatin fl'{lqlH'!lc.\' dislribtltions of I fd10 t'('sldling from such " 

computations aI'p shown in (igUl'l' 88 for 1 of the grad~'s studied. 
The ruling of tllp grn.ph is such thut a slandal'd fl'l'C/u('ney distribution 
would plot us u stl'llight lill<' illLprsl'cting tIll' 50-pcrc('nt horizontal 
at the avpruge' value of tlll' itbseissa. The graph for 16 laminations 
conforms J'eusonabl.,- well to th('s(' critpria, while [or lesser numbers of 
laminations lll(' eonformit), is kss good. 

From lhps(' ('lll'VC&, thp vultH's of 1KI1(I at "ariOllS lcvels of proba­
bilit.v ('u,n be' ('hosrn. 'l'h(' ilTPgulurity of tilt' ~/'aphs mnkps diHicnlt 
an." positin' <'tlOic(',of it ,'ulup HI u specific' knl of prohnbilil.\T, The 
ranges ill "altH's COll1lHIlNI ill spYt'ml wu."s from sinf,;h' su,mplps of 2 
('OlllllleITial grades al'p shown ill fif,;lIl'r H0 for nil pxC'lL/siot! limit of 1 
pereent. By u. I-P<'I'('Pllt exclusion limit is ll1C'unt th<' ynllll' of 1K/1o 
lhu.t '\'ill bf' l'xccN[C'cl not mo1'l' fr('(lll('l1 tly thall about onel' ill 100 times. 

The ra.nges sho,,"n in figurp H9 indi(~ul(' fl dO\\'/lward trC'nd of 1Kl1o a.t 
Illr 1-p('I'('(,11 t 1('\'('1 \\'j lh inC'I'pusing IlUIl1 lwrs of lnminal ions. The same 
genel'lll trf'IHI is upparrnl fOl' both g/'!HIC's. 'j 

'. 
'1'11e pro('cdurc just dt'sC'J'ibcd is too laborious for ('usy applicu.tion. 

;\('('o/'clingl)', u sc('ond pro('cdurp wus ('yolYN\. It ,vus ('ollcelYl:,d that 
if tbe distribution of knot si7.(,s itl ('nell f,;I'adp of lumber ,,'pre sludied, 
it would br possibl(' to uSt' (1)(' ('ha/'llclprisli('s of th('s(' distributions in 
u('('ordunet' with ('stablis\1l'ti slatiRli('al prO('l'(IU1'PS to ('ompuL!' limiting 
Yltlups of 1KI1G fot' aRs('mbli!'s mad(' up of u singlp gmdl' 0" of It spPc'ified 
combination of gmdes. This C'O/1('{lpt formed the basis' fo,. the method 
finall.v aclopt('(\. 

If the dislribution of knot si7.PS \\'('1'(, nonnul. it \\'ould be eompletely 
described by the two pU/'llmeiers. J. tllp il,\'C'mg('. and (J', [hp standard 
deviu.tion. Furth!'r, any <,ombinu,tion of iiNllS dr!\,\\'n from a number 
of normal distributions and individuall.\' wl'if,;ittC'd would be normally 
dist,.ibuLl'(1. and thp u,'pmge nne! stnndal'd deyiflLioll oJ the combina.­
lion ('ould bp I'e!\.dily ('ompllLed. f;

Assnmiuf,; n, nOl'mal distl'iblll ion, thc ('ompuLn,tion of a 1~pel'cent 
('xelusion limil for J,,:fJo would PI'O(,(,('c! as slu)\\'[! in th(1 following 
example for u 6-larninnl iOll Ilss('tnbly. YaILl('s of J = 1.540 nnd (}'= 

2.271, whidl will be us('cl ill lhe ('xarnplc', ('olTl'spond wilh the snmple 
fol' which I'I1ng('s of I KfJG 11l'(, shown in figul'(1 Hi). A. \'ahH's oJ:E and 
(J' nre in .l~,indl units. Tit!' weighting flLl'Lors (Llthie 1:3) refleeL the 
l'f1'C'C't of till' position of lhe lamination in lllP usspmbly with respect to 
the neutl'al axis. 

Then l K , til(' lLVrl'fige value of Ij{, would. aeeording to (.hc accepted 
statistical ,pl'oeeclul'l'. [)p taken as 54x and thc stlLndu,1'(1 c1evin,tion 0: of 
IK fiS ..,!S22(J'2, In a normal disLI'ibulion, 99 percent of the values arc 
less, and 1 11('1'('en t is gl'catc'I' than the tLVCl'agC' plus 2,:326 times the 
standlLl'd devinLioll, 

Hence, the l~pcl'('('nt. exdllsiol1 limit [01' 1K would lw eomputed as 

• 7K+ 2.3260: =541 +2.:~2(j'V!822~ (12) 
217040'--54----12 
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For the particular sample chosen, 	 ,; 
1 

"]K+2.326iT=54 X 1.546+2.326 X2.271-y'S22=234.9 

Dividing this by the value of IG(IG=30~F=30X54=1,620) gIves 
" 

I K IIG =O.145 or 14.5 percent. 

as a I-percent exclusion limit. 

32 
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FI(H;RE 89.-Comparison of various methods of determining limit.ing values of 
] ,ri] a. Ranges shown by brackets represent ran,!!;c of estimates of 1-percent 
exclusion limits based on 100 individual computations of R(IK/la). Curves 
and circles represent. exclusion limits bascd on computations by statistical 
methods. 
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TAl3LE I3.-l.1ethod of application of weiflhting factors in computing 
certain statistical characteristics of a laminated beam containing knots 

I I Variance, or)

f A\'f)rnge value 
I 

Sta.~d~r( Isquare of stand-Weighting factor F : of F:x d('~ 1~t1011 I' ard dl'viatiollI(x= knot size) (F tTl I (Fu)2 

-I~-=-=-=~--:-:-=-::-:-=-=:-=-=-=-=:-=-=-=-::-=-=-==-=-::1'1 ! '~: I 
7 (1':1-------------------------------/ /.r 7: 
.19___________________________ ..•-------------------------------_ Hti' , l!ltT 

II 4!la2 

361u2
f------ _____ 

Summations: 54. __ __ __..••. ) 
5~Ir .~-.. -"--"--1 822q~ 

I 

Comparison with ilgurC' 89 illdieatC's that this is 10\\,('1' than was prC'­
dieted bv tIl(' other m('thod. That is, tlw Caelol' 2,:12G is incorrect for 
the distribution of h.lIa fo1' the sample consid('I'C'd, The product 
2.326;; r('pl'esC'uts Ill(' difl'pl'PllCC' bpLwC'(,ll iliC' vahw of IK at the I-p('I'­
cent level and til(' aV('ragC' vahH', Jt ma)- bC' noLC'd from tlH' computa­
tion above that 2,J2G;;=2,:32GIT,'~J?2, Th('rl'foI'C', thC' produet 
2.. 3260' represents the ditl'eJ'PllCC' bdwN'n t1le knot size at thC' I-pC'l'cenL 
level and the awrug(' valut', ~i11C€' th(' faetoI' 2.326 is incoJ'l'('ct for 
this nonno.1'mal distribution, \\'€' may l'('plo.c(· the pl'Oduct 2.326u by 
the diff('l'el1c(' bC'lwePll tilt' knot sizf's at th(' I-perc€'nt level tmd at the 
average actuoJI.v tak('ldl'om a plottrd distribu tion. Thus I klIa at the 
l-perceot 1C'\,(·J would be 

-;~F+(m-:F)·\22F2 
. fa (] 3) 

where om is the knot sizp at Lilt, I-PPI'(!C'Illl<,wl. 
Such computatiolls hllYP oep11 made for LhC' two samph's for which 

ranges in IKlIo arC' shown in iigllJ'(' 89 and aI'(' shown in the- samc' figUl'P 
as (:)Ul'Ves 1 and 2, !{c'asOlH1blC' itgl'cpmC'llt I,H'hnwn Lht' Lwo methods 
is evident, indicating Llw llppJieabilily of the- IMlhod. 

Simill1l.' computations Wf'I'(' eaJ'J'it'c/ out using, insLf'ud of the data 
f01' tIl{' pal'lic.ulal' samplC's illvolwd, ,-alues of 7fI ILl1d ~ for a combilla­
Ition of It11 samples of tIl(' 1,\\'0 gntd('s, 'l'h('se {lornputalions arc' l'('pn'­
s('llted by C\U'W'S a and 4 of fig-ul'(' 89. 1t wilJ bc' l)OLNlthat tlwsf' 
curves m'(', in ,many .enS(IS, 10\\"('1' Ounl nIP maximums of UH' range's 
ShOW11 fo!' cOmptitittlOJlS U,\' tIl£' {irs!. llwthod, '1'hC' samph's of a 
particular gradt> vltl'iC'dconsiclerably in 1l.1('iI' ehru'aeL('l'isLies, nnd Lhus 
ilt is appIl.l'Pl1t thnl 1-1)('J'(l('ul ('xclusion limits of IKlfo COIll)Hltpd 011 

thl' basis 01 alJ sampJps oj' a gmdp \muld bl' ('xGC'('dt'd mOrl' than 1 PC'I'­
cent of tht' Limp by asspmbli!'s 1ll11ci(' from Oll(' of t11(1 pOOl'or samples. 

Curves 5 [met 6 of figlll'C' 89 1'('pn'sPll(, %-pr('(!('llt {'xclusiou limlLs of 
Ix./Ia nnd It1'(', in gC'lH'I'al, 11,/)ovt' t.h(' plot/,t'd ditCH, 'rhus, it is I'('com­

'. 

• 


mendC'd thnt, Its i1 basis fOJ' d!'sign, YnJuC's of IKliu bl1sl'd ou the 
chamctN'isLics of nIl snmp[ps of n. gI'l1ci(' b(' ('ompuLl'd n.t t11p }~-p('l'c('nt • 
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• 
levt'!. Even on tbis basis, '~alues of IKlia so computed may be 
exceeded more than 1 pereent of the tim(' for spednc lots ·of lumber. 

The m('thod j list d('serib('d appears, thprefon', to be suitable for use 
in estimating valtH's of JKllG for lise in d('sign. li'ol1owing is a step­
by-st('p des('ription of tlIt> procedurt' to be us<,d in npplying th(' m<'ihod 
to any pn,rtkulru' grad{'. 

1. Obtuin daUl on kno[ siz<' il,nd loea.tion. It is slIggest('d that not 
less [han 50 pieGel" of a gmciP be us('d us n. samp}(' and [hut th<,)- be 
randomly dlOS<'U :from a l1umlJPr- of HOUr-CPS so as [0 1)(' l'<'pr-esentn.tiyl' 
of tIl<' grade. !\o spN'in,l srl!'('tioll of l11(' pipe!'s to 1)(' sampled should 
lw madt', The ouly r(\quir-l'IlH'lll is thnt 11lp)' IlH't't HlP ruks for the 
grade. A (~onn'lli('nt form for reeording knot ::;iu' n,nd loeation and 
oth('r peJ'tinpnt data is shown in :figuI'p 90. Tlw ml'thod of r('('ol'ding 
tl1(' data is indicat('(l on the form and is illustrat('J by tit<' sample data 
ShOWll thereoIl_ 

'. 

2. Tally the sums of kllot sizes in niP l-foot l('Jlglhs in tIlt' sample. 
In orch'[' to takt' into aceount iL(' ft1.('t thM ttIl)' I-CooL l!'ngllt in any 
board mny bp n,t thl' cI'itieal cross s('cLiol1 oj' n llH'lU/)('r and, dl'c'ctiy('lYl 
to inc:ren,sp (1(' size of ilH' sn,mplp, it is d(':;imbl(' to SllIn Jmol Hizes in 
1-foot l(,Ilgtl,S n.t closP!' inLpl'Yul.::; thnn (hI' ]-fOOf Illllrks OJl thl' grid of 
the' dn,tn sbp('( (fig. 90). It is Ruggl'sll'd, l1H'I·l'fol'l'. tluLI tll(' Jmots be 
;;'l1mnwd in aU lltv 1-fool h'nglhs fOITlH'd b)' lnking tIt(' b('gilllling of 
t1)(' fp('t nt 2-illeh il1 LPtTals on th<' gl'icl. To lll.kp ill to n.ecollut the 
knots III [It(, ('11d of [he' hoard, eOllsiclPr' i[ to 1)(' Iwnt to form ll. ('il'ell' 
and [n,lly tlw knots in tlw f(,l't (hus fOl'llwd. Tltbk]4 slw\n; n, 81'.1np1(' 
Udly for tIl!' 12 pjPet'S shown in iigul'(, 90, The figul'('f; to tIlt' Ipft in 
pH.('h eolumn show tIlt' incliyidun.l O('.('·lltT('ll(lpS, or thl' pal'linilar sum 
for [itf.Ll piN'I'. TIl(' llllllllwr lo t·1I(' right of (1)p ('quality sit;11 sh::>ws 
[hI' total num/)('r of oeClllTellC('S of It partic'ultLI' slim in It plLrticulat' 
pipeC'. I tis C01WC'l1il'lll [0 RhcH\' thp Humb!'I' of l-foot It'llt;ths in C'ach 
piecp in order to ehrd.;: the lulh-ing: tl)(' lllllUI)('1' of l-foot h'nglhs in 
{,lLell pi{'(~(' mURt {'(Jual [lw lotn'! of tllt' (alli('R. r;iJl('p UH' f{'('t, for pm-­
POSt'S of slimming, al'p tltk/'ll as /)<'t;iJUling [l,t 2-ill(,1l inLen'als, lIlt'lUtm­
b('r of J-fooL lC'ngth" eCjtmls G tiUH'S tIt<' ll'ngth of tIl(> pipet' in f('pt. 

3. Sunullariz(' thp elM!t 011 O(,(,UJTf'JW(, of thl' Yn,riOlls sums oJ knot. 
sizl's as litUiC'd in slpp 2. A stlmplC' summitry is shown ill table 15. 
TIU' pUI·ti('ular sn.mpk sho,,'u infigurp GO alld talli(\d in tn,ble 14 is 
shown in the' sumnutry as sttmplp 4~ l-iueh a summary fol' ttU samples 
of thp gmd(' gin's fl,n onJ"aU view of th(' frequ('nc~~ of OeelllT('nep of 
Y!trions knot-size stunI'<. 

4, Compute' tlH' il \'prfl,g<' slim of knot 5i7.('s for tIl(' grade. The total 
of ('oilunn 1:3 (t.n,hlt, Iii) di"irlp(l hy thl' tot!l.1 of eohunn J~) ~i\'fts the 
il.\'('rtl.g(' sum of knot Si7.(,8. For' tht' sn,mpk shown in tn,bh' 15, 

,.'\", SUIIl of knot si7.('= Totnl X sUIll/total 
~j 

=20,ORlj17,1 ]4 \ 

=1.17 (!~ inch units) 

5. Plot, on ar.itlulletieaI probn,bility pi1per, the ctlJ11ulat,j,-c ire­
f( ucneies in ppn:('nt agl1illst the c01TPspot1djl1~ J;:l1ot-size SUlllS. A 
sampIe plot of tJw datIL SlUllllHU'iz{'d in tuh!!' 15 IS shmn1. in figuro 91. 

6. Appro).:imutr the plottNl points by a stl'lLight line. Arithm,etieal 
probability pllper is sO ruled that a llormal [I'ell uPJ)('Y distribution plots 

, :~ 

i 

.1 
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F'1(1t"R~ gO.-FOrBl for recording knot siz!' and lot'ation with sample record of data. Size of knot is recorded in ~.inch units, thus; ,1 for 
I-inch knot or 7 for l%-jnt'h knot. Rp('ord this figure Oil grid at position of knot. Record over-all length of picco nnd its general 
slope of grain, as 1 ill 10, 1 ill 15, ill ('olumns pro\'«icd. Chart can be lellgthpncd for any length of lumber. 
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1'ABIJl~ l4.-Sample tally of snms of knot sizes in 1-foot lengths 

. 

Rum of knot sizes in I-foot lengths in ~-inch unitsNumhpr 

Piece No. 
of I-foot 1'~~-' Ilengt1~_0_1 1 3, _5_1_.6_1_7_2 4 

1______________________I2______________ .. _______ 
3______________________ 
4 ___________ " _____ . 
5______________________ 

~=====:=:=:===:=====:==8_____ _________________ 

l~~::~:~:~ ::~:~~~:~:::: I 

___Tot!lI~~~~~-_~~j~___ ~~20 1824" 15/ 
I Length of piccr ill feet multipli"~1 hy 6. 

~ 
I:d84 1

1 
66 ------------ ------------ - -II' 6= 616-= 6 6=6 -----­no 66 ____________ 6= 6 _______ • __ . _ 6+~=]2 6= 6 . __________ _ 

84 66 ____________ 6= 6 _____ 6= 6 6= 6 ___________ _j 

84 54_. 6+6+6+6=24 6= 6 " ________________ _ ~ 
8'J 50 1+1+]= 3 1+1+6+]+1+1=11 5+5+5=15 5= 5 _______________ _ 5 

~! ~~ !-- ... ---- ___ . ___ ~~_~_ ==:========~-=~. =======-~J~~-~- ====== --6~6 o 
~ 

84 I 54 6=6= 66 I 6= 6 ________ . ______ 6+6=J2 ;6= 6 . ______ • ___ _ t:zj 

onI n~~::~::::-t--::~~~::~:::::;:\:~::: :~~:~~~~_: :~~:6-16~: 6~I- ::::~ ~::~~~ 8 
t:I

_ l:;l 

635 I 45 53/361--6---­

~ 
~ 
t:I 

~ o g 

......-,;.;r 
\:0 

~->,.f~d,:,:,<J1~~~:.::~t_~"':>;,,,11.·ft~;,,;...,',.;·~:~....-:,,'-\~;'..; ~'~~~,.".t;:; /:" ~,;; .:. :' ,~,'~. ,.,!o;~ lb.: >; .... t·.':,'L.: _ '~~::.::~ .;"'-" J1:·"'!""'.'~" >~.;., ~ -. ':,~.!,i~'t _ .:.."';:.... ,'.: ~:.; <;.:. 
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TABLE J'5.-Sdrhplesu:m:mar?l of distribution Of 8ums-oj k1tol&i~esirb 1:::.jir6( lengths . ,, 

Frequeucy of occUrrence of sums ill sample Iluruher- All sampies 
-

Sum of knot 

Si2;cs ~-ilJch unit!> C I Curuula­

1 2 ul!lt:- tivc fre- Total x 
j 

! 
I 3 4 5 6 7 8 Total latlve qucncy sumi total percent 

(1) (2) (3)j (4) (5) (6) (7) (8) \U) (10) (ill (12) (13)J 
r 

I I - ..-. _.- I 
O__ ~_____________ .l I1________________ 3, 177 981 1,41)1 824 874 908 684 3,213 12,152 12, 1.52 71. 01 Q
2________________ 84 0 15 15 7 15 8 60 204 12, 356 72.20 204 
3________________ 315 53 62 35 42 101 54 253 915 13,271 77. 54 1,930353 53 41 45 61 313 43 308 940 14,211 83. 04 2,820
5________________ 581 138 154 53 4.5~------- ------- 33 105 169 1,278 15,489 90. 50 5; 112233 .6___________ ... __ 53 45 36 63 31 !)3 106 660 16, Hog 94. 36 3,300 
7~________________ 205 59 56 6 38 14 i 36 76 490 16,6139 97.22 2, 940
8________________ 05 22 24 6 0 11 51 36 245 16,884 98. 66 1, ~1544 37 179__ . _________ .. ___ 0 5 0 5 6 114 16,998 99. 32 912
1v________________ 23 3 7 0 0 3 7 13 56 17,054 99.65 504 
11 ________________ 12 

2 
1 
0 

0 0 3 0 4 14 34 17,088 99.85 340 
12_______________ 8 0 2 0 0 0 12 17,100 99.92 1;32
13________________ 0 0 0 0 1 6 10 17,110 99.98 120

0 0,~l 0 0 gl 1 U 4 17,114 lUO.OO 52 
TotaL_____ 5,130 I 1,400 I 1, U20 I 1,020 i 1, 140 1 1,152 I 1, 092 1 4,260 117,1141--------1---------- 20, 081

I 1 

.,
" t F 6' 
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as a straight line. This step, then', defines the normal frequency dis~ _ 
tribution that approximates the actual distrihution. 

7. Pick off, from the straight line drawn in step 6, the stun of knot 

sizes at the }~-percent exclusion limit. Following up the 99.5-percent 

vertical from the lower scale to the straight line and reading off the cor­

responding sum gives the sum that has a probability of being exceeded 

not more than once in 200 times. Ifor the smnple shown in figure 91, 

this sum is S.6 units of %inch. Other exclusion limits could be 

ehosen, but study has indicated tllat the }~-percent exclusion limit is 

suitable. . 

8. Using the values of nverll.ge sum "of knot sizes (step 4) and the_ 

sum of knot sizes at the }~-perceot exclusion limit (step 7), compute 

values of 1K/1c for the member. 


For a member luwing alliaminn.tions of a single gmde, 

(14) 

where R(v; 2n)=value oflK /lo fora heamof2nlamiuatiollsof grade v at 

an exclusion limit depending upon the choice of 

the value h. 


xv=average sum of knot sizes in gmde l' (step 4) 
h.=difl'erenee bet\\'een stun of knot sizes at tIle exclusion 

limit chosen (step 7) and::; v' 

b=finished width of lo.minatiolls. 
F=weighting faetor depending upon the munber of 

Jamint'.tions ill the member. Values of F, L2F, etc., 
are given in table 16. 

For the grade of table 15 and figure 91, an«( :or a member containing 
16 laminations, the computation would be as follows: 

x.= 1.17/4=0.2925 inch (step 4) 
h.=(S.60-1.17)/4=7.43j4=l.S575 inches (step 7) 
b=7.,5 illches 

.,f~~;;Jf2/L2~" F=O.334 (table 16) 

0.2925+1.S575, 0R(- ) ·--';';-5-- X nv;10 =--7-- -5- .334=O.12~ . ,.. 
For a member having a group of clear, straight-grainecllaminations 

on ('ach side, with the balance of the laminations of another grade, 

(15) 

'. 
where R(o,v;2N,2n) = value of 11d1c for a beam of 2N laminations, 

of which the central 2n arC' of gmde v and the 
otllOrs al'e elpar and straight-gl'ained (grade 0) 
and the other terms arc as described eadieI'. 

http:7---5-.334=O.12
http:nverll.ge
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PROPORTION OF 1- FOOT LENGTHS HAVING SUM OF KNOT SIZES EQUAL TO 

OR LESS THAN INDICATED ON VERTICAL SCALE (PERCENT) 
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FIGURE 91.-Sample plot, on arithmetical probability paper, of cumulative 

frequencies of occurrence of sums of knot sizes in I-foot lengths. 


TABLE 16.-Factor's for use in computing values of I K/IG.from characteris- • 

tics of knot distributions 


. I Weighting factor I For 2N laminations 

Number of for Nth lamination 1---------------;-- ­
lamination I from nentm! axis i I 


-2N : F=3N2-3N+l . ~F'=2N3 !:t,F'2=2/~N(9N4-5N2+1) ../"Z,F'2
! =NL(N-1)3, -ZF' 


-----'------------------- ­
1~__________ : 	 }/l 

I 


1~ 
 J.{ 716 	 1.000·2__________ _ 
J 2 	 2 .7073 __________ _ 


4 __________ _ 
 3J~ 6% 21j~6 .682 
7 16 100 .6255 __________ _ 

12}:I 317:1 	 321;la .57306_______ - __ _ 19 ,"14 	 822 . li31 8__________ _ 37 128 	 3, 560 .46610_________ _ 
61 250 	 11,002 .42012________ _

14________ _ 91 ·J32 27, 564 .384 

16________ _ 127 686 59, 822 .357 


J69 J,02'l 	 116,944 .334
18________ _ 217 1,4il8 211, 122 .315 

271 2,000 358,004 .299
20 ________ _ 
22 ________ _
24 ________ _ 	 :ml 2, 662 577, 126 .285 


397 3,4156 892, 344 .273
26________ _
28________ _ 469 4, :l94 1,332,266 ,263 

30________ _ 547 il,488 1, 980, 684 .253 

4Q________ _ 631 6, 7ilO 2,727,006 .245 


'50________ _ .1, 141 16,000 11,504,008 .212 
1,801 31, 250 35, 1215,010 .190 
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• 
 The computations would be as follows for a beam of 16 laminations, 

of which the outer two on each side are defect-free and the others are 

'I 


of the grade illustrated in table 15 and figure 9l. 


0.2925X432+1.8575 .J§7,564=0 057 
7.5X1,024 . 

For a member ha\ring a group of outer laminations on each side of 
one grade, and the inner laminations of another grade, 

where R(w,v;2N,2n) = 	value of IK/lo for a beam of 2N laminations, 
I)f whicll the central 2n are of grade v and the 
others of grade w 

x.=average sum of knot sizes for grade v 
xw=avemge sum of knot sizes for grade w 
h.= difference between sum of knot sizes at the ex.;. 

clusion linlit chosen and X. 
hw=difference between sum of knot sizes for the 

exclusion limit chosen and xln 

• 
The computations would be as follows for a beam of 16 laminations, 

of which the outer 2 on each side are of the grade illustrated in table 
15 and figure 91, and the inner laminations n.re of a lower grade . 
For tb.e inner laminations, 5:.=0.5225 inch, and h.=2.4275 inches. 

R ( '1,. 12)=g1925 (1024-432HO.5225X432+fLB575i-(1l6~1f44 27,564)+2.4275'X27.5G4 =0.1<11 
w,v, J, 	 i.5X1024 

9. With the values of IK/lo computed in step 8, enter the curve of 
figure 55 to determine the corresponding strength mtios. For the 3 
examples of step 8, the strength mtios are 0.87, 0.96, and 0.84, re­
spectively. For convenience in design, strength ratios for various 
grades and grade combinations may be computed at suitable intel"\Tals 
and plotted. Strength ratios for a member containing any given 
number of laminations may then be picked off the curve without the 
necessity for computing each case. Samples of such curves are shown_ 
in figure 92, A, B, and O. 

10. With the strength ratios computed in step 9, working stresses 
may be computed by multiplying the appropriate basic stress by the 
strength ratio. For members composed of more than one grfl,de, the 
basic stress to be used is that applicable to the outer group of lamina­
tions except as indicated below. 

The strength ratios found in step 9 are applicable to the member as 
a whole and may result in overstress in tIle nlller group of laminatlons 
of a member composed of 2. grades if (a) there is a considerable dif:­
ference in quality between the laminations of the 2 groups, (b) the 
OU'Ger groups constitute a very small proportion of the total depth of 
the beam, or (c) the laminations of the outer groups are close-grained 
or dense while those of the inner group are not. 
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To check for overstress the following procedure is suggested: 
(a) 	Determine the strength. ratio for a beam having the number of 

laminations and grade of lumber contained in the inner group 
of laminations. 

(b) 	~lultiply this strength ratio by the basic stress appropriate 
to the grade of lumber contained in the inner gr.oup of lam­
ination. This gi\TeS the ,yorking stress appropriate to the 
"inner beam." 

(c) 	 Determine the stress in the extreme fiber of the "inner ·t;;eam" 
that would result from application to the complete member"of 
the working stress (for the whole member) as deter.l'.tlined in 
the early part of step 10. By assuming lineal' distribution 
of stress through the depth of the beam, this IDay be done 
by multiplying the working stress for the member as a wl101e 
by the ratio of the number of laminations in the inner group 
to the total number of la.minations in tbe member. . 

(d) 	If the stress calculated in step c is higher than that calculated 
in step b, the w')rking stress for th~ member as a whole must 
be l'educed to ti;:: point where the stress of step c is equal to 
or less tuan that of step b. 

11. Stri(:tly speaking, the smvey and computations just indicated 
should he made for each standard width of stoek for each grade. It 
is probable timt no exeessive errol' will he encountered if some median 
width, say 8 inches, is surveyed and tl1(' results applied to any width. 
It may be expectl'd that the results will be somewhat unconservative 
for narrower widths and somewhat conservative for wider widths. 
It should be understood also that a change in the grading rules will 
invalidate the results and necessitate a resurvey and recomputations. 

The procedure explaiiled above provides a method by which a man­
uiacturer m!1Y sample the stock he uses in his product and develop 
data from whieh he may establish strength ratios for use in design. 
JUSO commercial. grades, in addition to those for which data are given, 
may be similal'ly studied. 

It is reco~ni7,ed that beams may be made of species and grades 
dher than those studied, and thatel:'1>imates of applicri.ble st.rength 
n\,tios may be desired. No feasible means of extending current data 
tt) additional gl'/1.des is apparent. Figure 56 presents ratios of values 
of IK/la by the method outlined, as determined from the grades 
studied, to those. which W'oulcl result if the largest knot permissible 
in. the grade were assumed to be in eveT)' lamination. For the 
grades studied, the range in this ratio is not excessive. It seems 
feasible, for pl'eliminary estimates, to assume ratios I1S represented by 
the curve of figure 56 and from these to estimate the values of IK/la 
tbl1t may be used ns 0, hasis £01' design. ,\Vhile sucb a procedm-e ap­
pears to be reasonably conservative, its use on more than a temporary 
basis is not recommended, 

j .. method of limiting the number of lrnots to not more than 20£ . 
the largest permissible within 6 inches of any ~ross section was dis­
cussed earlier. The curves of figme 57 are for use in determining 
values of IK/IG when such limitations are observed. The equati.ons 
of these curves Il,re given below for the convenience of those who may 
wish to construct them more accurately or to extend them. In the 
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equations, A indicat()s the number of the lamination, beginning with 

lior the outside lamination, 2 for the lamination next to the outside , ' 

'
.1, and so on. The number of laminations is represented by N. 

ForA=l, 

For A=2, 

ForA=3, 

For A=4, 

ForA=5, 

2
12/Ir;-N3 (3N'l-18N+28) 

2 ! 

13/Ir;=Na (3N2-30N+76) 

14/10=~ (:3}1P-42N+148) 

I5IIG=~ (:1N2_54N+244) 

(17) 

Or, in more general t('I'ms, 
') 

l A IIr;=N3 [3N2-GN(2A-I)+4(3A2-3A+1)] (18) 

LA;}UNATION GRADES 

The principal determinants of the strength of a laminated beam are 
the slope of cross grain and the size ltlld location of knots in the lamiu­
ations. Safe and efficient design requires thateross grain be definitely • 
limited and that the size of permitted knots be related to the width 
of the lamination. 

Many commercial grades of lumber that might be used in laminn.ting 
are based on general appeamnce and do not limit cross grain at all 
and limit knots without respect to board width. While the method 
of analysis described in the preceding section can be applied to such 
grades to evaluate the efl"ect of lmots, it is believed that considerably 
greater efficiency will be attained by further sorting and classification 
of the material with a direct view to use in laminating. In any event, 
sorting of such material with respect to cross grain prior to its usc in 
structural members is a necessity. 

Further, lumber is often lowered in grade by the pl'esence of sap 
stain, pitch pockets, ancllike features thu,t, affect appearance but haw 
little or no effect on strength. In addition, knotholes and encased 
knots ate limited to one-half the size of sound, intergrown Imots, even 
though they am no mOl'e detrimental to strength when of the same 
size and may be even less so if the grain deviates less around them. 

In view of these considerations, as well as of the fact that grading 
with relation to laminated construction has not yet been undertaken 
by the lumber industry, it is believed that the fabricator of laminated 
construction can mueh morc cffjciently and economiel111y utilize avail­
able strength values by SOl'Ling and classifying the lumber he uses. 
A system of lamination dnsscs is therefore proposed for consideration 
by lumber manufacturers. • 
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Five lamination elasses, llUlnbel:pd from 0 to 4, are proposed, (\lass 
abeing free of significant strength-impairing fE'atures and classes I to 
4 permitting such featlU'es in magnitudes difl'ering between classes, 
with defects being limited most in class 1 and kast in dass 4, 'with 
classes 2 and 3 intpl'mpcliatp. 

The classes of beams would be designatpcl in aC(,Ol'di1UCp with the 
classes of laminations of which thp)" al'e composed. Classes such as 
0-0, 1-1, and 2-2 would designa.t(\ hpams ('ompospd throughout of n, 
single lamination class, wililp dassps sueh as 0-1,0-2, ]-2, I-a, 2-";~, and 
3-4 would d(\signa.tp bpams with tllp higbpr elass of laminations in 
top and bettom parts fmel the 10wp1' class in tIl(' I'pmainckr of thp cross 

j spction. 

A mol'P complete description of the proposed lamination classes 


and their limitations is given on p. 138. 

Combilwtioll oj Laminations to Form Beaclns.-Advalllageous use of ,:: 

laminations eontaining knots, sueh us dnssps 1, 2, :3, nnd 4 outlined 
above, requu'ps lImt knots should be well dispersed and not eoneen­
trated at an." one cross seetion. U, in f'Ol'ming beams from onp of these 
grades, no attention whntpve!' werE' gi"eu to the position, eilance woulcl 
of course pI'ovidp Yariolls degl'PPs of dispprsion, ns des(,l'ibed cnl'liel' for 
commercial grn.des. :'[aU'riul clnsHiflt'd in nC('Ol'(\filwe "'itll Lilt' soding 
('lusses deserilH'd ('(lltld 1lE' sttlllplpd nad studied b.," the statistieai p['o­
(,('(!tu'P olltlillE'd to ttlke ndvlultngC' of ClJUIW(' dispel'sion in e,-aluating 
working strpsses, Lucking' such a s! ud~', it appears llecessary to 
ussume tire worst knot in thp WOJ'st position in P!tch lu,mitmlion . 

• j.'].EX{JRAL l)1~SIG:\ FOll VEH'fLC;\J.LY LA~IJNNl'ED MEMBEIlS 

Thp results of tests on ....ertienIl\~ lnminnted mom bpI'S indicated that 
the dpsign elllTP of figure 55 is itUlppli(,tlblp. The ro:mlts did indicate, 
howeYl'1', thnt the aYel'llge of the strength ratios of the huninaLions as 
cl('tprlll iued by t he methods des('rilled in the IVood Handbook (7) eould • 
be used to determine the stl'eng-tll ratio of the vOI,tieall.\' laminated 
benm. The incrense in strpngth ratio permitted b.," the Wood Hand­
book 1'01' tbill members llsed in ell'.\' locations is not a,pplicnblC', sin(~e the 
efre(~ts of drying lwyp been incorporated into thE' hasic stl'E'SSE'S of table 5. 

l)gSIG!'i FOil CO.UPltESSlYE STItE!'iGTH 

Figure 93 shows a plot of the results of tests on lam inn.tecl short 
eolumns containing knots. Values of the stl'engLh properties are 
plottrd us ordinales, while tilt> n.bscissl1e are vHIlles of 1(lb, wher~ K is 
tl<c avel'ftge of lbl' sillE' of thr. largest knot in e1Leh lamulation in the 
column and b is the width of {.he lam inn lion. 

Values art' ploltf'<\ in figurt' 9:~ fOl' each speeimen, with 8- and 17­
lCLminn.tion (~oIUmlls being indjeMed by diirercnt S'y1l1 hols. The same 
symbols with llltnlel'ttls nlong:.;idr reprpsent avel'ages, with the numeral 
indieaLing the nUlll bel' of vnlucs n,veragcd. Gmnd n.vel'llges for eacLl 
group of spec~imens IHwing knots of simiJal' sille {u'p indicn.tcd by dots 
with n umer'n.ls of' similal' signifieluwc alongside. -

The plots of figure 9:1 show n definitp. deeroasE' for cach of Lbe three 
properties with incI'cnsr in KIl!. In each plot, [I,Lso, Lhe points repre­
senting grand aver'l1ges nrc VCI',\' n(\n.d~· in lineu,r l'(;·Intion. In each 

http:umer'n.ls
http:VEH'fLC;\J.LY
http:d(\signa.tp
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FIGURE 93.-R!.'lation of propt:'rfiP::; of colullln;; with knots in laminations to [{lb. 

instance, however, stl'aigllt lines averaging the g1'l1nd ave1'l1ges would 
intersect the left-ll,md scale o,t vo,lues higher than o,re to be expected 
from mo,terio,l of the same density but free from knots, o,ncl henGe 
such lines cannot be considered as being repl'esento,tive of the eIJeet of 
:lrnots. Shown o,s (\urves G. II, o,nd I are the pambolic CUl'ves that bost 
fit the thl'ee gmnd ave1'l1ges in each plot. 

'rhe intercept of C1U've G on the left-hand scale is at 0, value of 
2,360,000, which is approximately 30 percent higher' than the average 
value found fl'omtests of control colUl1llls. No u.dequate e)..-planation 
is o,vo,ilable for this discrepancy, inasmuch as the method of measuring 
stl'liLins wo,s essentially the same ill 0,11 instances. The presence of 
lrnots and severe cross grain hidch:ll within the eolumlls, but. 1100,1' t.he 

• 


.~. 

• 


strain gages, may 110,ve afl'eeted the distr'ibulion of st.mins (,0 an 
unknown extent, and thus UCOollllted for the (Lisel'epallCY. 'I 'he • 
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intercept of curve H :is in good agreement with the results of tests of 
columns without knots, but the intercept of ctu've I is somewhat 
higher than the average fiber stress at proportional limit for the 
controls. 

Ourve J is suggested as a basis for design. It was derived in a 
manner analogous to thrtt llsed in deriving the design curve for the 
effect of knots on bending stress. The strength ratio, or factor y, by 
which to multiply the basic stress to determine the allowable com­
pressive stress for a column with knots would have the equation 

y=[l- (K/b)2] [l-}HKlb)] (H}) 

where y is the ratio of allowablc stress in compression to the basic 
stress, or the strength ratio, K is tlte axerage of the maximum knot 
size in the several laminations, and b is the width of laminat.ion. 

The term in the .first bracket represents the average eIfent of knots, 
and that in the second the allowance made for increased variation in 
strength that accompanies increase in size of knots. 

E.~timatioll of K/b.-As has just been indicated, the factor K/b is 
the determuutllt of the efrect of knots on column strength. With 
random assembly of laminations, some nsslUllptiolL must be made as 
to the value of K for use in design. Thp relations f.rom test are based 
on the t1.yerage of the largest knots in the vttrious laminations of 3-foot­
long columns. A eonservative assumption would be, therefore, that 
in at least one 3-foot length of any ('olumn, each lamination would 
contain a knot of maAimUlll permi<lsible size. Gencrul eA"Perience, as 
well as the results of the statit;tieal stud,' on beams cLiseussed earlier in 
the appencli'C, indica.te that sllch a eO.lH:elltl'!ltion is unlikely to occur. 
Aceol'c:ingly, statistical procedures 1'01' estimating, from the knot 
distribution charaeteristics of a grade, an appropriate value of Klb 
for ll~e in design has been developed. The step-by-step procechu'es are 
des(~nbed below. 

1. Obtain data on knot size ancl loeation. The proeedure is, of 
COlU"se. exaetly the same as described earlier for beams. 

2. Tally the largest knots occurring in the 3-foot lengths in the 
sample. Since the relations from test al'C based on 3-foot columns, it 
serms necessary to use 3-foot lengths as thr basis for tallying. Since 
filly ;j-foot length in any pieee f'0uld be located at any point in a col­
umn, it is necessary to tally largest knots in 3-foot lengths beginning 
more frequently than at 3-foot intmTals on the grid of the record 
shpet. Trials at v9,riolls intplTalR indicate that it is sufficient to 
tally knots in the 3-foot lengt.hs bt'ginning at 6-inch intervals. To 
take .into aeeollnt the knots near the end of a piece, consider that the 
piect' is bent to form a circle, and tally the largest knots OCCWTing 
in the 3..;foot lengths thus formed. Table 17 givcs a st1.mple tally for 
the 12 pieees shown in figure 90. The method of recording the tallies 
is similar to that described earlier for bending members. The number 
of 3-Ioot lengths in ear,:h pirce is equal to twice the length of the piece 
in feet, since the beginnings of the lengths are taken at.6-inch intervals. 

'. 
3. Summarize the dat,a, on oectu"rence of the yarious maximum knot 

sizes as tallied in step 2. A sample summary is shown in table 18. 
The particular sample shown in Iigtu"e 90 and table 17 is shown in the 
summary as sample 4. 
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TABLE 17.-Saml)ie tally oj maximum knot sizes in 3100t lengths 
------------------------------------~------------

Piece No. 

1____________________________
2 _____________________ ,_______ 
3___ • _____ .__________________ 
4__ - ... _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ 

~mu: ~ ~Hi ~: ____ ~. 

10_"" __________ , ________ .__ 

1 L - - - - - - - -- . - - - - - . - -- -- - - -- - ,12_________________ • ______ .' 

TotaL. __________ ,_____ 

Number 
of 3-Coot 
lrngths 1 

28 ao 
28 
28 

Maximum knot size in 3-foot lengths in X-inch units 
, 

0 I! 
j 

---5+5=-:;-:=:
2+5+ 1= 8,------! 

5+6= 11 
6 + J "'" 7' 

ft I 541~~i~!1 ,~~ 

30 i 6+11+1= 18 _ 

' 

~ 


, 
2 3 11 

________ -- --------------1 
6= 6 ___ , _________ 
6= G __ ~--'.--- •• --I' 

_ _ ,_ 6 + 6 + 3 =- 15 

,1 5 (3 I 7 
, I 

6= 6 \= ;,--;;:;-;=
6+4=10 '6= 6._. _.! ____ ._ 
1+4= 56= 6 __ •. __ 1_____ _ 
4. + 2 = 6 .­

1'~1::':;::'; .10~10:: :;::..~~: 

.:____ __ _ 

28 I 19 + 3 = 22 ,. -- . - -) - - -----, - - - --.28 i 28= 28 .- ___ 1___ -- --,- __I340 I' 169 11; ,l8 
__ • _ 

6= 6 i _____ • 

- '" -- '" -- - -- '" - -j'- __ . ____ ... __ ._. 

21 ! 
• .....", _____ .,_._~, 

1 IJength of piece in fret 1llultiplied by 2. 

f,; -c;­ t ~ 

_____ 6"", 6 _____ .: ___ • __ 

6 = G --.- - - "I'---_-. ___ ,,', _.. _____ . ____ . 

43 ' 36; ' 6 I 6 
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TARLE 18. Sa,mple summa,ry oj di8tn:bution oj ma,ximum knot sizes 
in 8100t lengths '. 	

191 

. -- -... ."...-.--.. '. ---.----,..-----'-----r----­
Frequenl'Y of Ol'l'UrrCncc of maximum knot fiizes : 

in sample number- All samples 
lUaximu,tll 
knot sizes 
in %-inch , II Per­

units 1 2 3 4 5 6 7 i 8 Total Icent­
! 	 ' age of 

. whole 
~-.--- ---~ --- ---- ----·-:-1-, ­

./ 0.•. _. __ .. _. ·.17.,1 404 H)2 86;206 169 183, 589 12, 303 j36. 72
1••. __ 5·1 0 , 12- 11 0 10: 5: 53, 145' 2. 312 ______ 	 !_1 .178 38 58 48 20 82' 20 ~ 1M): 593 9. 463_________ . I 25,[ 	 33 36 : 21 46 33 26 251 i 700 11. 16 4___ ._ 	 ,531 111 156 43 35 30! 81 164 11,151 18,35
5___ ._ .. 234 ,W 51 36 57 34 70 103 631 10.066 ____ 226 	 60 53 6 30 6 34 53' ·168 7. 467 ____ 

6·l 2.J 2·1 6 0 6 42 J8! 184 2. 938____ 25 42 6 0 0 a 0 6 79 1.26
IL__ - ,- .. ... 0 0 0 0 0 000 a a~ ~10____ 6 0 0 0 0 a 0 a 6 . 10
11.___ •. _ a 0 a 0 0 0' a a 0' a
12••___ 6 a a a 0 a a 6 12 I .19 

--------- ---._--. 	 ,j 

TotaL-- 2, 052 I 560 i 800 3·10 380 38.1 364 1, 3!J2 t6, 272 :100. 00 
t	 ... L._.L__ 

I: 

i I-------,,-~. '--- ­

4. Compute the mean of the distribution summarized in step 3 and 
certain other statistical characteri~tics. A sample computation for 
the distribut.ion shown in table 18 is given in table 19. Column 1 of 
this table represents simply the alTay of maximum knot sizes in 3-foot 
lengths found for the grade. Column 2 represents t,he last column of 
tabJe 18 divided by 100. The meauillgs of other columns are self­
evident. The mean ma>.imum knot size (m) is represented by the. 
total of column 3. The factors m2, ma, and 111-4 m'e the totals of 
columns 6, 8, and 10, respectively. These values, and the quantities 
computed from them, are useful in later steps. 'Ehey are also statis­
tical measW'es of the distribution. The factor .Jm2' for example, 
is the standm'd deviation of the distribution about the mean, a measure 
of the scat\;er of the various knot sizes. For a normal distribution, 
the factor 7na/mz-y'in; would b(' exactly zero and the factor m4/mi 
would be exactly three. The closen('ss 'of these factors to these values 
indicates whether or not the actual distribution approximates a normal 
distribution . 

. Steps 1 through 4 provide data on the characterist.ics ·of the dis­
tribution of the maximum-s~e knots in 3-foot lengths of the grade. 
Subsequent steps will illustrate the application of these characteristics 
to particular members. 

5. Compute, from the data of step 4, certain statistical character­
istics of the average of the largest knot sizes occurring in a member. 

(a) The llleall value of the hM'gest knot sizes will, of course, be the -. same as the mean value for the grade eomputed in step 4 for a member 

" 
composed of only one grade. Other chamcteristics will be dependent 

.'. 
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TABLE 19.-Sarnple of calculation of statistical charal;teristicsoj the distribution of maximum-size knots in 3-footiengths l5.:) 

FrequencyMaximum knot size (i) if; (i-m) (i-m)2 (i-m)2f; 	 (i-m)·/I(j,) 	 (i-m)3 I(i-m)3/; I (i-in)· 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

O. 3672 0.0000 I-2.5704 6. 6070 2.4261 !-16. 9826 -6.2360 43. 6524 16.0292 
.0231 .0231 -1. 5704 2. 4662 .0570 - 3.8729 - .0895 6.0821 .1405 ·til 
.09,J,6 .1892 - .5704 .3254 .0308 - .1856 - .0176 .1059 .0100 ct J ~========---- · 11.16 .3348 .4296 .1846 .0206 .0793 .0088 .0341 .0038 E=
.1835 .7340 1. 4296 2. 0438 .3750 2. 9218 .5362 4.1771 .7665 l".l 
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upon the number of laminations in the member. Those may be 

'­ computed irom the f.ollO\yjng formulas for members composed only
of one grade. ' ' 

u={m;/-[ii (20) 

a3= (m3/m2.Jm"J /-[ii (21) 

(L4=3 (n-1)/n+ (m4/m22)/n (22) 

For example, for a member cont.aining 16 laminations and of the 
grade illustrfl,ted by table 19, 

u=~2.3561/4=0.5890 

aa=0.3992/4=0.0998 

a4=3 x 15/16+2.3064/16 

=2.8125+0.1442 

=2.9567 

For a normal distribution, the latter 2 factors would be exactly zero 
and exactly 3, respectively. There is no meth.od of evaluating the 
effect .of the differences in the values of these factors from zero and 
from till·ee.on the validity of the method of computation. Cemputa­
tiens by ethel' methods, hewever, indicated that even where sizable 
differences occUl'red, the computatiens were satisfactery. 

(b) When the member is cempesed .of t,ve grades, the methods .of 
cemputatien are semewhat different. For example, censider a mem­
ber having a tetal .of n laminatiens made up .of na laminations .of grade 
a having a mean maximum knet size 'ma and standard deviation 
(fa and nb laminatiens of grade b having a mean maximum knet size .of 
mb and standard deviation (fb' Then 

(23) 

(24) 

where n=na+nb. 
Fer example, fer a member censisting .of 20 laminations, .of which 8 

are of the grade fer which the data were worked out in step 4 and 12 
are of a grade fer which the mean is 4.3596 and the standard deviatien 
3.1399, the cemputatiens would be as follows: 

ma=2.5704, ua =2.3561 
mb=4.3596, (fb=3.1399 

8X2.5704+12X4.3596 
m=--·-- -- 20 ----~-

=3.0439 

q=;o ",'SX (2.356iY-+ 12X (3.1399)2

• =0.6378 

http:till�ee.on
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(c) When one of the grades in the combination contains no knots, 
ma and O"a both become zero, and equations (23) and (24) reduce to •(25) 

(26) 

6. Compute, from the data of steps 4 and 5, the averi.go maximum 
knot size at an exclusion limit of %pen·ent. This knot size equals the 
sum of the mean and a multiple of the standard deviation. Thus, 

KO~%)=m+2.5750" 	 (27) 

The factor 2.575 is taken ciiroetly from the mathematieal properties 
of a normal distribution. At othel" exdusion limits, the factor is 
different-for a 2-percent exclusion, Lhe factor would be 2.054, and for 
a I-percent exclusion, 2.326. 

For the example of step 5 in which all laminations are of one grado, 

K(%%)=m+2.5750" 
=2.57 +2.575XO.5890 
=4.09 units of X inch 
=1.02 inehes 

For the second example of st0P 5, 

KO~%)	=3.64+2.575 XO.6378 
=5.29 units of X inch 
= 1.32 inehes 

7. Compute the value of Klb for use in design. Fo)' the examples 
of step 6, the lamination width was nominally 8 inches. Thus, for the 
two examples, 

Kjb= 1.02/7.5=0.136 

K/b= 1.32/7.5=0.176 


8. With the value of Klb computed in step 7, enter the curve of 
figure 62, p. 122, to det(\l'mine the corresponding strength ratio. For 
the examples of step'7, the strength ratios are 0.951'01' Klb=0.136 and 
0.93 for Kjb=O.176. For convenience in design, strength ratios for 
various grades or grade combinations may be computed at suitable 
intervals and plotted. Strength ratios fol' a memher containing allY 
number of laminations may then be picked ofr the curve without the 
necessity for computing eaeh case. Such curves would be set up in a 
form similar to that shown in figure 92. 

9. As has been indicated earlier, in tha discussion of bending mem­
bers, the analysis just desel'ibed should be carried out for oaeh standard 
width to be used. Reasonahle 1'{\sults may be expected, however, if 

• 


the analysis is oased on some median width such us 8 inches. A 
change in grading rules will require a complete reanalysis. • 

http:averi.go
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10. The procedure for tension members will be exactly the same as 
just described for all steps, inclmiing calculation of K/b. Strength 
ratios for tension will be taken from figure 64, p. 126. 

As was true for bending members, there appears to be no feasible 
way to extend the rcsults of an analysis such as that. outlined above to 
other species or ot11(;,T grades. Figure' 63 pn.'sents ratios of the values 
of K/b dl'tE'l'millCd by the' l11('thod out1int'd ahoYt> for se'Yeral grades to 
the value of Kjb dl'rivcd on the assumption that all laminations con­
tain a knot of maximum pennissihle size in every lamination in at least 
one 3-foot length. Agllin, the range of valuE'S of this ratio is not 
excessive. ThereforE', it seems feasible, for prpliminary estimn,tes of 
values of K/b that me.v 1w llsed m; a basis for dpsign, to use ratios as 
represented by the curn' of figure 63. Tht' usc of this procedure on 
more than a temporary basis is not reconmH'ud(,tl. 

EFFECT OF FORM AND HEIGHT OJ? BEA~IS " 
FOHlIl AND HEIGHT FAC'I'OHS 

• 

Beams and cc'('enlricall.v londed ('oll1prt'ssion spt'rimells develop in 
tt'st higher ('ornpult'd sln·sses in compI'('ssion than art' oiJtained when 
('ompression rnemhers :11'(' uniforml." 01' ('on('t'ntt'i(,:111~" loaded. This 
is true also of heams of eil'('ulne section and of square beams placed 
"r1th a dingonal v('rti('n1 instend of ,,-ilh the normal OI'iel1tation, both 
of ",hi('11 dt'vclop higher computed (Ie;mrnl sLresst's than rectangular 
picc't's. On tilt' oti1('r hand, ht'ams of I or hox section show lower 
stress ",allies than do l'celangul:1l' hen,ms. Also, among beams of 
rectangular se('tion the eomj1\1((·d unit sln'ng-th decreases as the 
heigh t ilHTPases. 

An n.vni1nble It'st ['Psults nn' in :1g'rp('ment with tllp hypothesis 
(5, 18') lliat the minute elpll1ents of Ihc' wood st['ucture behave as 
long, slcndel' ('oluJUns subjt'ct to hU('kling undt'I'lo:1d and that, in any 
instance of nonuniforml,\' distrihuted ('ompn'ssive strt'ss, as in a 
heam or all p('('entl'lenny loaded comj1n'ssion specimen, the more 
highly sU·t'ssed plements nrt' l't'stmined from buckling by those that 
are less highly stressed. This m:1." he teemed tile h)rpothesis of 
supporting action. In the ('Hse of ti1t' eircular and diagonal-vertical 
sections, the support I::; increnst'cl hy the in(,rease in width of section 
with increase in distnnee from til(' ou{t'I'D1osl fihcr. I n.nd box sec-tions 
are inferioe bt'('llUSe, ns ('ompnl'l'd to reetnnguln.r sel'tions. p,wt of the 
support is lacking. High 01' deep b('ams give 10WI'I' vnIlIes than 
shallow ones hecuust' less support results from the smnller rate of 
decrease of stress with distnlwr from the outel'lllost eklllellts. 

'rhe eondusion from this hypothesis is that f\t'xuml unit stresses are 
not actual properties of wood hu L arc manifeslntions of behavior in 
compression undCl' vitl'ying eir('umstn.nces. Ohviously, however, 
sueh a conclusion is modified somewhnt when dl'feets are prcsent thut 
reduce the tensile strength b(·low the ('omprcssivt'. 

The fonn-fador fOl'Jnll!Jt (/5, //5) fOJ'l and box ReetioTlS was devclope(l 
from the eonccpL Hmt the modulus of rupture of slleh a section eonsists '.of two purts that ('an he nclded [ogeth(·J'. 'rht'se arc: 

1. The eompressive stn~ngth of the mn,l(·elttl. 
2, The exeess of modl!lus of l'uptUl.·e of a J'eetl1,l1gular section of the 

same height ovc!' the compressive strellgth multiplied by a fador that 
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expres~es the ratio of the support afforded the outer fibers in tbe I or 
box s(>ttion to the support afforded them in a rectangular beam. 

This concept may be e)..--pressed in symbols as follows: 

(28) 

where R i5 the modulus of rupture, Cis the compressive strength, and 
S is the support factor. 

Since R varies with the height of the beam, the manner of that 
variation must be considered. The formula originally presented 
(5, 7) is 

(29) 

where Fh is the ratio of the strength of a beam of height fl to that of 
a beam 2 inches high. 

It is now recognized that this formula is inconsistent \'lith the 
hypothesis presented, inasmuch as it implies that, at large values of 
H, R is less than C, whereas the hypothesis put 0 as the lower limit 
of R. Furthermore, the formula is rot consistent with recent data. 
Consideration of these data 1111S resulted in i~ new formula fOi' Fh. The 
data and graphs of the new fOl'mula are shown in figures 94, A and B, 
and the corresponding relation of R to C is shown in figures 95, A 
andB. 

Thc data arc from t2stS on Douglas-fu' beams. Obviously, which­
ever curve is taken in figure 94, A, or figure 95, A, it should be coor­
dinated with that in figUl'e 94, B, 01' figure 95, B, and inasmuch as the 
data do not justify differentiation between proportional limit and 
ultimate, the curves in the four graphs are essentially identical. There 
are. noticeably large departures of plotted points from the curve in 
each graph, but with all four graphs considered together, points below 
the curve arc reasonahly well-bnlanced by points above the curve 
and the fit of the curves is as good as may be expected. The fact that 
H, as fOlmd from tests of 2- by 2-inch air-dry s~ccimens of Douglas-fir, 
has averaged. about 1.6C (01' O=O.625H), WL.J made use of in corre­
lating and locating the curves. 

The curve in figurc 94, B, Jlas the equation 

(29) 

and is asymptotic to 5/8, the value of OjR2' the ratio of the compressiy(' 
strength of Douglas-fir to the modulus of rupture as found from tests 
of 2- by 2-inch air-dry beams. Then 

(30\ 

where R2 is the modulus of I'Upturc for height of 2 inches and R,{ is 
modulus of rupttU'e for height II. Also from figure 95: 

.• 


• 


It. 

[:12+148 GfR\'u= i:ll +8S- , (31) • 
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.FIGURE 94.-A, Relation between the ratio of modulus of rupture of individual 
beams to the modulus of rupture of 2- by 2- by 3D-inch matched bending control 
beams and the height of the beam. B, Relation between the ratio of the fiber 
stress at proportional limit for the individual beams to the fiber stress at pro­
portional limit of 2- by 2- by 30-inch. matched bending control beams a.nd the 
height of the beam. 
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This expression for Re in terms of Hand 0 can be used inthe form~ 
factor equation, which becomes 

(32) 

where RHF is the modulus of rupture of an 1- 01' box beam of any height. 
Dividing by R2 , 

(33) 

where Fh/ is the form n.nd height factor for an 1- or box beam of height
2 

H and Rep equals Fhf2 multiplied by R2• 

Using the values of R rrlR2 and C/R2 ns derived ahove fl'Om the curve 
of figure 94, the resulting equatioll is . 

where, as previously stated, Fhf2 is the form and height factor for. an 
I-beam or box beam of height FI and is the ratio of the modulus of 
rupture of such a beam to that of a rectangular beam 2 inches high. 

The basic Hexuml stress of table 5, p. 100, is for a height of 12 inches. 
Hence for use with these stresses a value of Fh,f12 is needed. 

By analogy with equation (:33)

• (35) 

. () C 232F{rom equatlOll :,H 'lh~=287 

Substituting these vaitH's, 

F 232 [1+(H2+ 143 1) s·:.] (36)
'hf 12=Z87 -FJ2+"S8­

which is seen to he identical with equation (34) except that 5/8 is 1'e­

'!I pla.red by ~;~, which can without significant error be taken as o.8i;; 
and 

(37) 

It may be noted that, fora rectangular beam, S equals 1 and equa­
tion (34) r('due('s to ('fl1Jt1.tion (29). Likewis(', equation (37) reduces to 

Fh=O 81 !f.+1,!?. H2+88 
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".C lr\S}J~ctionGf equations (32) and (34) shows that: 

L When S becomes very small, as with shallow flanges, R approaches 


. ,0 as Ii limit; 
.2, When II becomes very large, the fmction in which it appears 

becomes neady equal to unity and R approaches 0 as a limit. 'rhus, 
because of height and form factors, the value of flexural stress to be 
used in design never becomes less than the compressive strength. 

The formulas for height and form factor and for height factor are 
ba,sed on the assumption of failure in compression, whereas the 
factors for end joints and for knots provide for any deficiency in tensile 

,	strength. Hence, there is no need to apply factors of the two types 
consecutively. 

SUPPORT FACTOR F.OR I-BEAMS AND BOX BEAMS 

The supporting action that thc fibers at various levels give to the 
extreme fiber in compression has been empirically represented (5). 
A. close approximation to this original relation is given by the curve 

: of figure 96 which has the equation 

Y=(1-x)2x 
=x-2x2+x3 (38) 

where Yequals the support given to the extreme compression fiber by 
a fiber at a distance x from the extreme fiber. 

The support given to the extreme compression fiher by all the 
fibers down to a level p will be given by 

(39) 

The support given by all the fibers over the full depth, considering 
the depth equal to unity, will be given by 

Full support=11 (.1:-2X2+X3) 

121 
='2-3"+'4 

=1/12 	 (40) 

support,
Support factor 

full support 
12 

=6p2-8p3+3p4 

.' . 

'to. 

l' 

• 


=p2(6-8p+3p2) (41) • 
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FIGURE 96-Curve of relatiye supporting influence on extreme fiber incoril­
pression of fibers at various points in the depth of a rectangular beam. 
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case of an I-beam (fig. 97) , full support will be given over a 
equal to that of the web, while partial support, as represented 

eguation (41), will be given over a width equal to the width of 
beam minus the w.idth of the web. Therefore, the support 

factor fOr the I.:.beam (or for a box beam, taking the thickness of the 
two webs as that over which full support is available) is given by. . 

(42) 
~. 

'where S is the support factor, p the ratio of depth of the compression 
flange to the full depth of the beam, and g the ratio of thickness 
of the web (or webs) to the full width of the beam. 

RELATION OF STRENGTH PROPERTIES TO CURVATUHE 

Figure 98 presents results from tests of curved laminated members 
(28) plotted against the relative curvature of the lamin.1tions. The 
plotted points represent average find minimum values as determined 
from end-tlll'ust tests of members built of southern yellow pine and 
m<1ividualresults of tests of halves of two lat'ge building arches, also 
of southern yellow pine. 

Figure 99 presents the data of figure 98 reduced to a percentage 
of th~ strength of straight members, and includes also the results 
of simila.r tests of' Sitka spruce and Douglas-fir members. The results 
for tIle smallest rehttive cm'vature (0.00125, Jig, 99) were taken as 
the base for the soutllc1'1l yellow pine members, while the results for 
straight members matched to the curved members were taken as the 
base f\)r the Sitka spl'uc;e and Douglas-fir members. 

The curves shown in figures 98 and 99 are essentil1lly identical. 
In placing them, consideration was given to the plotted points of 
these figures, to the number of tests represented by each plotted 
point, and to othel' pertinent information. Furthermore, more 
weight has been giVen to the values n,t the proportional limit than 

. to those at the maximum moment. It had been found that the 
full ultimate bending strength at the section of maximulll cUrvttLU1'P 
had not been developed in the tests of the half-arches. ConsequellLly, 
the points representing these arches in. the upper part of figure 98 
are too low. 

If half-fi,l'ch D-2 alone is considel'ed, the curve for the proportional­
limit values in figure 98 would seem to be too high. '1'he value for 
arch D-2 is countel'ballmccci, however, by values repn'scnting nearly 
as great cunratme and lying, in general, well above the curve in 
fi~u'e 99. . 

The arches were of Vltrious heights, so thn,t the rrsults would have 
been somewhllt more compl1l'able if en,eh vniue had hecn divided by 
its appropriate lleight faetm·. In mn.ny of the tests, however, the 
variation in height wns small ('nough fo!' sneh It procedllJ:e to make 
no large differences. For the lutlf-n,rcbes, an upwltrd ndjusLment of 
.about 10 percent would make the results more Gomparahlc to those 
from the other tests and would bring the points rcpl'C'::senting such 

t 

o,\, 

• 

':1. 

tests considerably nearer the curve, 

• 
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FIGURE ()7.-CroRs section of I-beam 

In the end-thrust. tests, curved members were subjected to bending: " 
stress combined with stress ill eompr('ssion pn,mIlel to grain. Since 
st.resscs in compression parallel to Llle grain of wood, both at propor­
tionallimit and ultimate, are considerably 10'\ el' than bending stresses, 
the validity of adding longitudinal compression to the compression, 
resulting from bending may be questioned. In the tests, however, 
the bending stress had been from 78 to 98 percent; of the total; an,d_ 
a previous investigaLion 111),s shown that within this range the combined 
stress is not significantly lower than bending stress alone at either 

. proportionl1.l1imit or ullimntc. 
Some share of the inereased deficiency of strength with increased 

curvature 1uts nome from the use of equations for computing stress 
that lire applicnble to straight members, but which give results· 
somewhat in error when applied to deep, sharply eurved members. ' 
The indications are, however, that this has been a relatively small 
factor in the tests reported, so that tIle larger share of the deficiency 
shown results from stress"s induced in bending the laminations to 
form. 
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FIGURE 98.-Strcngth of laminated members of southern yellow pinc as related 
to ('uryaLure, 

,STRENGTH OF GLUED LAMINATED CONSTRUCTION MADE OF THIN VENEERS 

During World War il, the shortage of Sitka spruce suitable for 
solid wing spa.rs in ~il'Cl:aft or for spars larn.in?,~ed from s?,we~ lumber 
prompted an mvestlgatlon (11) of the feasibilIty of lammatmg spars 
·and spar flanges from veneer, so 11S to ayoid some waste in sawdust 

.. and shavings, Included in tho investigation were studies of the 
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YELLOW PINE. STRENCTH OF MEMBERS WITH RELATIVE

30') ClJRVIITlJRE OF aOOIJS (I-FOOT OFFSET) TIIKEN AS 100 r. 

MEMBERJ' WITH All LIlMINIlTlONJ' CL£IIR---------O 

MEM8ERS' WITH 0% TO 60% OF LAMINATIONS CLEIIR---. 
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FIGURE OO.-Strength of laminated members as related to curvature 
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'strengthOf sl1ch material and of the effect on strength of cross grain, 
'scttrf. joints; and the orientation of laminations.· The results of this 

"investigation are presented in tables 20 through 23. 
'Th~ veneer was fabricated into 2·,inch-thick stock, most of which 

was straight-grain.ed and made with continuous laminations. Some 
'was purposely fabricated with the grain slopes in adjacent plies 
crossed, so as to make planks with grain sloping at 1 in 10 or 1 in 15. 

· Other planks were made from straight-gra,ined veneer with scarf 
joints having a slope of 1 in 15 in alternate laminations. 
~ The liquid glue, together with possible slight densification of· the 
wood froPl the pressure applied in gluing, added about 7 percent to 

· the unit weight of the laminated material. 
The tests included static and impact bending, compression parallel 

~o grain, and toughness. 
. In these tests the straight-grained laminated Sitka spruce gave 
average values essentially similar to averages from previous tests on 
solid Sitka spruce (table 20)] except that in work values in static 
bending,' a measure of shock resistance] the laminated stock was 
definitely lower than the solid, This exception was not, however] 
confirmed by impact-bending and toughness tests, which are also 
measures of shock resistance. 

Whether straight-grained or cross-grained, beams tested with 
laminations vertical were essentially as strong as beams tested with 
laminations horizontal, except for height, of drop in impact bending 
and work in static bending (table 21), in bot,h of which they were 
consistently lower. The tests, therefore, confirmed previous con­
clusions that a given slope of grain has the same effect regardless of 
the orientation of the plane in which the slope lies. 

Laminated material with grain sloped 1 in 15 showed no significant 
deficiency, as compared to similar straight-grained material, in those 
strength properties used in aircraft design (table 22), Deficiency in 
w'ork values in static bending is apparent, and particularly so for 
specimens tested with third-point loading, wherein the stress is 
constant between the two load points. That this deficiency is C01'­

robated neither by toughness nor impact-bending values is very 
possibly due to the fact that these tests were made only with centor 
loading. 

Strength valu.os of laminated materitLl with grain sloped 1 in 10 
were not sufficil~ntly high to justify use of such material in parts that 
are highly st.reS'sed in compn'ssion, or bending (table 22), or in tension 
parallel to the gr'ain (eonsidlH'ing modulus of rupi,lIre values in table 
22). 
. It has frequently h0cn j,hought t,I)fl,\., by int,el'iacing the grain 

(reversing grain slope in adjneent lnminu,t.ions) in stoek buill, up from 

thin laminations, the d('let.erious effcets of GI'OSS grain on such prop­

erties as bending and tension eould be ovt'mome and wood with steep 

grain slopes could be macle equal to straight-grained material. This 

was not confirmed by these tpsts. It was, however, definitely in­

· dicated that, undol' flexure (as in staLic- 01' impact-bending or tough­

ness tests) beams with gmin sloping oppositely in adjacent laminations 

were superior to those with gmin oriented throughout at tbe same 


· slope. 

f 

• 


J 

http:straight-grain.ed


1 

WOODFABRICATION OF GLUED 

Beams with glued scarf joints at a slope of 1 in 15 in alternate 
laminatiOIls .and at the same point in the 'length were deficient. as. 
compared to beams with all laminations continuous (table 23) . The 
reduction was particularly large in those properties indicative of sbo,ck 
resistance. The low value of joint efficiency resulting from tension 
tests of scarfed and unscarfed veneer strips and the consistent failure 
of the test specimens in the scarf joints indicated that the gluing 
technique could have been improved. Scarf joints are being success": 
fully used in aircraft parts fot'mcd of sawecllaminations. Rotary-cut.. 
veneers, because they are thinner, afford opportunity ,for better joint. 
distribution than the thicker sawed material; and, for this reason,. 
the effect of a jointed lamination at, the tension face of a membAr 
stressed in bending would be less. 

The general conclusion is that, on the basis of strength values, 
Sitka spruce laminated from rotary-cut veneer is satisfactory as an 
alternate to solid members or members laminated from sawn veneer, 
provided the same ['equirements for straightness of grain and limita- . 
tion of defects are observed. 

CONCENTRATION OF SHEAH STRAIN NEAR I.OAD POINTS OF BEAMS 

'. 
Strain meaSUrNl1ents on one beam indicated that shear strain is 

highly concE'lltrated in Gte vieinity of points of load application. 
Figure 100 shows the distribution of shear strain as dE'termined both 
by straiu measurements allll ft'om theordieal considerations. In 
acldition to evidencing strains ftu higher than those that would be 
eomputed by the usual methods, HIP distribution is considerably 
different, in tha,t the hll'ger strains are located ncar the surface of the 
beam to which load is applied rather than a,l the neul:,rul surfa,ce. In 
addition, the. da,ta, indicate that shear exists betwe.en loa,d points, 
whereas the usual theorv indicp.tes no siwar in this zone. 

This matter nepds fu;ther exploration, but it, may serve as at least, 
a partial explanation of why failure.s of beams in horizonLal shear are 
ordinarily at compute.d values (using the usual a,ssumptions) much 
lower than are found in shear tests of small cit'ar speeimens. It may, 
SP]YC also to explain, in pa,rl, the. t'csults of tpsts of beams containing 
hutt joints near the upper sw-face and close to the loading blocks 
(fiO'.7:3).

Shear concentration as dt'scribed aboyl' , togetber with that c:x-isiting 
sole.ly bt'cause of the. pn'St'nct' of butt joints, may, in combinatiufi, 
result in shenr failmes. It nppears dt'sirnbl(' to kee.p butt joints; if 
used, well away from a,ny eOI1C'f'utrnted 1011<1 on It lwam. 

http:betwe.en
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RATIO OF MEASURED TO NORMAL MAXIMUM SHEARING STRESS 


RATIO OF THEORETICAL TO NORMAL MAXIMUM SHEA!IING 


LOIIO POINTS---.... 
LOAD POINrS 
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LOAOINIS OIAISRAM SHOWINt; POSITION Of' 
LOAO/lVt; OIAt;RAM SHOWIIIIIS POSITIOIII Of' iCROSS SECTIONS INVESTIGATED 

CROSS SECTIONS INVESTIGATED 
o ~. = 

~,.ZM;7!825FF1GURE IOO.-Distribution of measured strains 
(left) and of strains computed from more pl'edse theory (right) compared to the usual' 

assumption of parabolic distribution. 
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TABLE 20.-Stren[/th of laminated Sitka 81J/'IWC I comparc(l to that of solid maicritll 

Impact. Compression »arallel to Ip~~.:~~lStat ic bending 	 Toughnessbending g;ra!n 
. I to graIn I 

I I--------~----I 	 I'I' 	 ~York • \ ITeig,ht I loti ,"
I of drop I S "1' 	 I.oadedKind of ~eam ..Stress I. ~roelll- '\ Mod ll-	 , callsi ng. ,tress 1'. aXI- i\lorlll­ T.oaded Maxi­ g;•. 

on
I nt 1 'f 	 'at mum IllS of on mumI propor- lUJ:1 0 lll~?~ jcon.1 plete propor- crash- elastic­ radial tangen­ shear~ng e'" 

tional rup- Cll~'lt~lr- Propor- Maxi- ffililire tional ing tialit,y face I>trength' rz'lilllit I ture 	 I It) tional mum Total ~50-d limit strength face 1-:3": 

. limit load h~II~::~er) II o f01 

,~ .. 
(1) (2) (3) I (·l) (5) (6) (7):~J en) ,_(~ (11) (12) (13) (14) o 

':".l. 
In.-lb. In.-lI). 

per per.In.-lIl. In.-Iii. In.-Iii. k 
per per per 1,000 81)eci­ sped­

1,000 Inches P. ,~. i. P.8.i. P. s. ·i. .",en 2 U/en~ P.8.i.I'P. s. i, P. s. i. j p. ,~. i. Cll. ,in. , cu. in. cu. in. 
l.al1l'l nated 3__ _ 6, 620 11, 500 I, 788 8. 52 12. 24 24. !) 4, 520 6,590 i 2,022 86. 8 15'1. 5 1, 200

1. 36 ISolid , _______ . 	 1.62 9. 4 17.2 25.0 4, 780 5,610 73. 5 L13. ·1 1,1506, 700 10, 200 .1, 570 !
Solid' 5______ • 7,340 11,000 I 1,620 f 1. 88 I 9. 9 ]7.0 25.0 5, 260 6, 180 086.0 0]31. 0 1, ]90 

Ra[.ios of laminated to solid material (percent) 

106 - - -I ~ 101 118 1 ]Oi
90 I 10·1 i 110 l 72 ! 86 "L __,~:J 100 I 86 I 

~--~---' 

1 Based on 40 t.est.s for static and impact benditlg, 37 for compres­ loading and 14 under t11ird-point loading. Averages for work'prop­
sion parallel to ",'Taill, 80 for toughness ill each direction, 152 for crties include only values from specimens tested under center 100in­
shear. Moisture content at t,est was approximately 10 percent. ing. ' '.' 
Specific gravity, baaed on weight when oven-dry and volume at test., 4 Data from U. S. Dept. Agr. Tech. Bul. 479, /tStren~th and 
was !lPI>roximately 0.41, excluding the weight of the glue. Related Properties of Woods Grown in the United States,' except 


2 Specimens %by %by 10 inches, tested oyer an 8-il1eh span, center toughness values. . . 

5 Adjusted to 	correspond to the moisture content .of laminatedloading. 	 . . 

~ Averages include :values from static-bending and impact-bending material. . ' 
spcchnenll, 'irrespective of whether llJ,mjnations were horizontal or 6 Adjusted forspccjfic gravity, Ilssuming toughner,s "!iries Ill> 2~ , 

power of sPllcific gravity. No reliable metlwd ot: ~dju~tingforvertical.· '.. . . . . 

, .Q[.th,e 40 !!tatic~l:!¢nQjllg .l.\jJechnens, 26 weretested \l'ndllI' center mOi~urllditrerencesis a\iailable. . 
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TABLE: ~l.~-Bending strength oj Sitka spruce beams with la·minatio·t/,8 horizontal com.pared to th~t of beams 
.' 'vertical 	 ' 

[ . S'ati, b,.di.. 	 I Imp",,' b'ndlng 

• ! I ! 	 ~ \ I ' I . l'~ Orientation! I. " ork • ' . ,HClg.lt

Direction of : of 1 :Speclfic r ' SpeCific of drop 


grain iamina- i ;~[oiRt-I' g.rnY- Sta~:;S Modu- Mo(ltl- I l'vIoist- grav-" causing

tions ; Tes ,~: lire It.y 1 ro or- ius of Ius r;>f • T • t ure lty 1 con;tplete 

~ t: COIl- I[ cxehld- ~. p I I rup- 1Cill..'ltlC- ]>ropor- "raxI- es S COIl- exclud- faIlure 
i tent ing il.on.l~ ture ity tionai i mum Total tent. ing (50­

glue \Ill! limit load glue I pound 
I! (hammer) 

, 	 I I 
(1) (2) I: (3) (.11' (5) «j)' (7) (8) (9) I (10) : (11) (12) (13); (14) : (15)

1_______ : ----- ----------------i---,--.---'---i----~---

Jn.-I/I. Jn.-lil. Jn.-//!. I I I 

;\'11/11-: 1"('1'-
j 1,000 Jli'T 7wI' per: Null/.- Pc/'-' ! .. "fl', .' 

be/' crill II". 8. 1:. P. ,~.i. p. s. i.. Cll. in. Cli. in. CII. ill. bel' cent Inches 
rJlStrnight___ VerticaL S 10 O. ·107 ; 0,720 11.1,580 1,7G3' L ·13 8.39 11. 1,0 10 10 O. 408 '24.2 " 

10 .405 26. 6 HorizontaL H 10 · .1O.~ I ~' I~O ~,:ll' ·180 1, ~~!l \' 1. 22 8.28 13.6G ]0 	 t::l 
l'j ­

1 :15 pamllcL. VerUcaL ~ 10 · ·IOD h, 3DO .10, 7 J0 I, 6GI 1. 36 H. HI 10 .407 25. 8 ~.. 

Hor!JoIIIIlL: 6 10 · ·105 6, 240 110, \)20 I, (i·Hi 1. 33 7. S9 10 .405 26,0 

. ,112 23.2] :15 ('ro~~c(L_ 	 Yel'lknL S 10 · ·115 6, ·100 iU, 3·10 1, 80·l i. 27 6. HO 10 
Horizonllll_ 6 JO · ·114. 6, 690 ! 11, 730 1, 76.1 1. 42 9.09 10 .401 26.4 ~ 

StrnighL ___ J 	Vert.icnL 7 \J · ·108 : 6,620 :11,850 1,77·1 1. 38 8. 53 10 .408 24. 0 ~. 
HorizolltaL 5 \J · ·112 H,530 I I, 970 1,770 I. 35 8. !l1 10 .408 24.8 Cl 

~ 
~. 

•
.... ......., 
 ~ I ­
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10 10 .406 21. 6 1 :10 paralleL.! VerticaL _~ 7 !l ,407 6, 230 PO, 070 1,529 1. 42 5,19 1 11. 04 
,411 1,567 1, 36 7, 25 11. 29 10 10 .405 23,2HorizontaL 5 9 6,190 1l,260 

,410 21. 41:10 crossed__! VerticaL._ 7 10 , 'Jl3 6,780 tI,080 1,765 1. 46 6. 28 10.30 10 10 
1,702 1. 53 6, 12 12, 14 10 10 .403 23;6Horizont,aL 5 10 . ,115 6, 840 10,790 

. _____•_______,______f -,- --,,~~--~,---~~-

HMios 2 of horizont,al to verticallaminatiolls (percent) 

10~'j - .. '8~'T 
102 H2 \)9 991 122 ]00 99 110 

Straight-_ -- -1- -- -- --- --'1- -----' 99 ! 100 1011:15pllrl1.lIeL. ___ ._ •••• _. _____ .\ 100 lUO I \)8 .102 99 I 98 ! U9! 103 99 
1 : 15 crossed __ •• ___ • ___ - - ,- _ - ; 103 100 105 103 Hsl 112 1 138 ! 121 LOI 97 114 
StraighL ___ .' ______ . ___ .1. __ ... no 101 : 101 10·l j 110 99 100 103100 \ 98 I 
1 :10 parall(,'\__ L_____ -___ .1. -- _-. \)8 101 f HHon t 112 I 102 H6 1·10 • 102 100 100 107 

\)8 I 98 1101 :10 erossed __ !_ ----- ___ -_ 1-" .- 100 100 ( 101 97 : \)6 i 105 I lt8 98 
1~ I,i 

~--.-.-- ....."---
Q 

I Based on oven-dry weigh t aJICI \'olume at tc:;t. ~., These ratios are ba.'led 011 actual moi:;ture content, not on fi!;ures rounded off to nearest percent a;; indicated in upper pllrt of table. 
1:1 

~ 
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TABLE 22.-Sitka spruce beams composed oj IQ·minations with slopes oj grain oj 1 in 15 and 1 in 10, eompq.red to beams 'With 
\'~,tr!i:ight-grained laminations 1 , . 

---,-------;----,----".. ---------.-----;-~-......-;-------"'~~~ 
ImPAct Compression parnlJ~iStatic betiding 	 Toughnessbending 	 tQ f:t1'!\1n 

z..rcthodOrlentatlon DCof 	

Ilondlng I 	 Work Work Reighto!Direction oC lamln,ltlons 

grllin (static and 
 (static Stress! Mod· Mod· (center·lond testS) U~·point ion(\ tests) dr~p Loaded Loadell Stress IMIlx!' Mod· 

nn,\ at uills ulus 	 CRlISlDg on at ulusimpact 	 m 
bentlln![l Impnct Ilropor· of of 	 complete oft. I tan~cn· propOr· m'b oC 

bend{n~) tlollol I rup- elns· Propor· Maxl- Propor· Maxi. f.llure rn(.1 tilll tlonal c.rus Ing elas· 
limit ture tlelt)' tlonnl mum Towl tionnl mum Total (50'PQund tace face limit Istrength ticlty

limit lond limit land hllmmer) 

(1) 	 (2) (3) (4) (51 (Il), (i) (8) (0) (10) (II), (12), (13) (14) (15): (16) (17) I (18) 
-----------___,___1___1___ --- --- '---:---;----:---i---~---"--.---. 

j ~ , I . I III..Ib, I [".-/1,. 
1II,·lb. In.·lb' l In.-II,. t In.·lo, In.-/b.: lll.·/b. 'per' per , 

1 . .' 1,000., per per I per I wr per I' per ! 'Ptei; spec;; i . . 1,000
( fP~~Y". P.J.J.[ P.8~J.t ctCI1l~ crt, III. r cn.HI. cll.m. CtL.III. C!(.m. 11lrhell 11Ien men IP,S.t, P.JI.I. P.8.1. o 

~ 

Straight•••••••• __ 1 VertlcaL.__ Center. I U.720 11,550! I, if,1 I 1.4:1 8.391 11.16. ,. __,' ,_ 24.21 Sr.. I 155.51' 4,820 6,670 1,981
1 •••• <10_ ~~polnt I 1l.8(\0 11.4801I,Rtil! .. __ .. 2.36 14.16121.19 __ 05.5 157.9 4,340 6,420 2,088 '"~<D 
: llorlzont.~1 ('cuteL 1 G.WO 11,480,1,769 1.22 { 8.281 13.m" ,.: 266: 85.7 1.14.7 4,490 6,700 2,101 
t 	 -~- ----,---,------,-------1--------- - ------:----- ­ ~ 

A .. eragc.• , ,_ ••• _ ..... --=- ..==.L!:.5~~c~~5:~, 1,79:,L 1.3:,1_ ~::~11_12'23J~ ~,~l_ 2iU 1_87.4 155.5 i 4,6.10! 6,640 2,039 

1:15paraliel. .. " .1 Vertical ___ '. CenH'r 1 6,350 '. 10, 710 '. 1,6611 1.36 I!. 6.61 12.01 ". _. . _ _._'..1 25.8! 93. a 158.0 4,280 I 6,440 1,885 
fJl· 

., •• ,do. }JPolnt"'I' 6.0140 lO.2~Oi I,f.~ti, __ - .. _, 2.28 9 • .17 12.9ij' 05.R 143.3 4,1101 0.300 I,OSl t:fllorlzontlll 	 Center tI.240 10.920. l,tHO 1 1.33 7.89 12.42 _ 26.0 I 92.4 151.8 4,410 6,270 1,911R t<j. 
- --- ---1--- --_.--- ------ -.------------ ---i------ ~.A\"erage .. -·l--.· .. ----- :... -16.:J.IO 10,640 [ I,m.il! 1.35 7.16 I 12.19 ______ . ___ . __ 25.91 !la.3 154.5 4,3001 1),300, 1,942 

1;15 crosse!L.... V.crlle"l "'-'~'. (-.--;:;;-wr= =i;..j0<;.·7i,";;,;ot·i~m"!- I. 2i )-'''''7..60'''1; 10.3:11['''''_", ," ~~. __ .".:""~~~=2.i 2/' 82.6 1015.6 4,910 i 6,660 I 1.OC.o 
..•.do. ; Hpoint , O.3f.o· 10.i40\ 1.815j .. " ..1. _..... 2.12 10.531 15.31 " __ " 89.1 158.9 4,MO[ 6,200 I,OSO o 

I-%j
Horlzontlll ('Plller'l 11.690 II. no 1,764; 1.·121 0.00 12.51 ... " .. ' i .. , 20.41 Rii.5 155.8 4,8801 6,730 1,964 

A\"crage.-_/", ~:~::.......~ 6,481~Jl1.2s~L:,i\J51 1.331 7.f.7jI1. 26 1_···-:-..-:- ....,,,+, "; 2-1.8: 84.7. 151,i\ 4,8~0! 6,620 _1,005 §'
Straight .•• ", Vertical IC~nt~r: n.620'll.~5O l.i74~ 1.llS· s.;;;\ 11.76 1 ".,; 24.0: 8i.91 162.914,500.6,600 1,088 Q 

d 

~ 
~ 

",. 	 ~. ; ­....... 

'. 	

). 
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.~ "'"..:,; :<.;:;'-- • 
1•••.. dO•••••••••1~~ point •. \ 6,740 I 10,870 1.7911. .... .... ...... .. ...... 2.:17 12.44 19.58 .......... 88,5 120.4 4,410 .6,320 2,.071 

llo,WmM' .•., C~'" I"" I. H, '" -"""- -':!". ~--""'-= ~=---"!.~..2":'.~~--"'" 
Ayeragc....................1.... .. 6,6[>0: 11,400 l,iS2 1.37 a.09 12.24. ...•• •.••. .•. . .. 24.4 86.2 153.4 4,420 6,&10 2,OO!l


l:IOPfirall~L••••.J VertlcnL •••••. Ccull'r. - 6'2:l0I"IO'Oi~--I'fi2;;= 1.42 5.19- l1.~-.. .... . ••• ....... 21.0 8·1.8 133.2 4,520 6,210 1,765 

__ .•. do, .••• ~3Polnt •• 6,210 9,170 l,fi99 .............. , __ •. 2.2·j 7.05 to.08.......... 80.2 128.2 4,100 5,820 1,835 
TIorlzoutIlL __ . Center... ~ 11,2tlO 1,507 ~ 7.25 ~~..::.::.::.:..:~__2.~~~~~ 1,778 

Avcrage ....I................. 6.21~.I~'00~. _I,Ii07 l,·jO 6.05 11,14 "'....:...::.: . ____ . ~_ 22.4 82.6 128.9 4,:J30 6,100' 1,78S 


l:lOcrossoo ....... VerticaL ...... Center .. 6,7S0 I\t,nso 1,7\\5 l.·1f> 6.28 10.30.. ...... .". 21.4 84.11, 140.:\ 4,300 6,300 1,976: 
..... '10 ...... \ HJ,,)lnt •. 6.400 10,120 l,iIS..... ...... .• 2.22 9.92 14.00 ........ 8".2 145.4 3,950 6,320 2,034· 
TIurizontnl . ('enter. Il.S·jO 10.700 1,702 1.5.1 (I.l2 12.14... .. ... 2:1.6 bl.O 141.2 4,300 6,580 1,920 

Average.... l............ ... ......... tl.640 lli0i2ilfl.7:iO ~~ li-:-ii7f------- ---n5 8:l.4;-'i41.4""4,2iO ·~o""1.li7i 


, Ratios of sloping to stnllght groin (percent) 

107 90 93 9n 95.;. 
1;15 psrnUCL..... I-----.... -.-- ...I............ 1 ~i~ --'~;r--11:1 lOll 8~ \ IO~! 07 ~~ 1 GO I 102'\ 07 9S 105 100 96
981.15crossed.........__ ._..................... 081 !lS, 100 00, Il. 0•. 00 ,4, :,A 98 9~ 89
112 Oil 841:10 parnllcL••...• "_. __ ......... ............ 93 87 I 8S 102 70 I 01 . 11ft fJ7 


72 I 97 02 95 98 981:10 crosscd .........................____ ._.. 100 02 I 97 100 , 71 00 !).I ~O ' 92 ! 
. i I· 

".---"--~.~-----.... -~.-- ­

, Sppcinll'lls'~ In .~ by 10 Incht's, Il'stNI o\"er nIl 8·lncll span, center loading. 
percent; specific grnvlty, based on weight when ov('n-dry and \"olume nt tcst, npproxi­
matcJ~- 0.41, excluding the W('lght of the glue. 

1 Each value bused on from 5 to 18 tests, Moisture content at test Ilpproxlmately 10 

http:matcJ~-0.41


• • 

'. " , ,_. ',', • '. • :_,' .' • 0 " _ _ , ...., .' ': ~ , _;(:'""~j ,~.•:;oc. ,'-'. , 

23,~l'i'itka spNfee beams with ~ca.rfjoints·{slope 1:15, in alternate.laminitt:ions compared 
. . continuous 1 '. . . 

.., '>,
:1, 

rtnpa!lt 
bendins 2 

Static bendin!f 2 

Orientation Height or' ,_Type of specimen of Stress at Work 
Modulus Modulus drop causing " laminations propor­ . complete'of of elas- 1

tional rupture ticity Propor- f). • failurelimit tional I· Taxunum Total (50-ponnQ
limit loadI hammer)

( I) (2) (3) (4) I , (5) (6) i (7) (8) (9) 
.. .. __1 i.,.... -~--~.....-.~- .....-" ~ ..-~- "-"'--­

j 1,000 i In.-lb .. per /In.-lb.. per In.-lb. per 1
P. 8. i. 1 P. 8. i. ; p. s. i. ClI. t1l. ~1I. t,n. Inchestical. ____ . CII. in. 1

.do_______ 6,160 I 10,380 i,745 1. 2i 5.7i 7.61 20.0'6,270 
J 
, 11,120 1,771 1.24 7. 93 11. ]3 24. 0 

.do_______ I6,560 ! i,775 1. 35] I, 000 I 7.49 10. 66 24.4
I 

i .--+ ,------ -,.--~~ .. ­--~ ~---~.----.A ,"erage ________________ :___ • ___ .•. _.. 
I6,420 il,060 1,77a 1. 30 ' 7.7L 10.90 I 24.6.'- =-:.:::.. ~~......;;,===:;;;::--:-: =--:-~-.=:--..:.::::::=::=

With scarf joints. ____________ .• HorizontaL ___ . il,940 8,910 i 1,738 ; 1.14 4. 05 7.95 20.4Without scarf joints (matching ... _do______ 6,170 11,040 ! 1,793 , I. 19 7. a.l 1a.Olone end). 3 27.6 
____ do _______ IWithout scarf joints (matching 6,350 li,240 I J,762 1.27 8.61 12. 27other end). 26.4 

1- ,---_.. -A"erage_____ - - - - - __ - _._! ____ • _________ 6,260 ii, 140 1,778 1. 23 7.96 I 12.64 I 27.0 
- --...........---_._,­

.~ .............~-.--

i HaUos of jointed to c:ontinllollS laminations (percent) 

9sl---­, Verti cal - - - . -I 94 93 I96t 81HorizontaL ___ , 95 741 70 ISO 1 98 9a I 51 63 7t1 

I Five specimens of each type were tested at, about 10-perceni 2 Failures at scarf joints were very largely in the wood.
moisture content, and at 0.39 specific gravity, based on oven-dry 

3 A controil)pecimen adjacent to eaeh end of each beam containingweight and volume at test. scarf joints was tested . 

•
:~ .,~"-- ?:­
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