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2 TECHNICAL BtrLLE'lTK (j91, U. S. DEPT. OF AGIHCULTUHE ..~ 

INTRODUCTION 

For mu,ny centuries tll(' arch has lWe.ll llll importnnt element ill thp 
struC'turnl ulld a.rtistic (jpsign of buildil1~'s :Llld bridgps, St.r"UrtUl'n.ll~' 
it is 1I men.IIH of supporting lOtuis 0\(']' all opC'lling hd\\'C'C'1l suppo("ts. 
As clistiltp"llisiwd from t.ilC' t.russ 0(" the sinq)k lwnm t,hll t nUlY BPI'\'(' 
this sault' purposC', an fl.l'('h C[)'[T~'ing YNtieul loads eXP!'ts llorizollhd 
thrust as well as y('("Lieul 1)('PSSllI'P 011 it.,:: SUppOl"ts, All an'lI nUlY 
('ollsist eit.be.l' of a solid rih OJ' I"ing OJ' of n fl'llllll'work similnr to 'n 
trllss, 

Thp HI'('ll of mnSOIlI'Y hlo('ks was OIH' of Ill(' (,HrliE'Ht forllls hut In('k
ing st,("t'.ng{,ll ill tE'llsioli it had to 1)(' \,hiek ulld IIp!]\\' in Ol'(/C'(" to Il\'qid 
tE'ilsilC' Stl'(,SS, LH /:C'/', nwtnls H nd mOI"(' ("('('('ll Ily, 1"0ilrfp/'('pd ('oll('I"f'I(', 
mntE'I'iuls wit.h tC'lIsijl' 1\,n<l b('IHlillg ng w('11 llS ('olll]ll"('ssiy(' RtI'C'llgth, 
p('l'mitt(~d mOI"(' ('ffi('i(,lIt, kss lllHSsiy(', IIlIcI mol'(' g'l'ncdlll ('.OIlH1TU('t.ioll. 

\\~ood ~,"''; good l'psisinlH'p t.o t('IlSiOIl find ('Oll']lJ'('ssioll Hilt! to 111(' 
bpndillg to whidl ar('h I"ibs /nn~' 1)(' sllhjl'('tpd, hill it;.; liSP ill 11l'('1I('s 
hn,s t)(,(,11 l'E'in l'd~'d h~' tht' diflif'ulty oJ making Ill(' req ui l'pd RhuJlC's 
without ill('IIITing (,PJ'tnill dislldYllJr1:ngE's I{ib;.; of til(' IH'('!'SR:l("~' siz!' 
and ('Ul'Yatuf'(' (':I II no! 1)(' mnd(, b)" h!'lldillg n singl(' pipc'.f' of t.illJh('J'. 
1'hp)' ('.llJl he rOI'IllC'd oilly h.Y nSH('mhling pi{'('ps snw('<1 to sh:lJ)(, 0/' hy 
slIJwrinq)()sillg IH'nt 1:I'y<'l's OJ' 1:I111illnt'. Both 111<'t110(/8 hl1Yp ]'C'E'11 
pl'neti('{'(1 hut til(' :I('('h('s IIny(' In('k('<1 C'f1i('i('IH'~': till' firsl !)'11(' 1)(,(,llllsc' 
th<' aS8<'lIlbh' is \\'1':lkplI('<I hy lllp 11(,(,(,SSIII')' joillts :Ind hy lIollp:ll'nlh'l
ism of wood filH'),s 10 tll<' axis: 1/1(' sp('olld lH'(,HllSp :n'nilnhIC' 1l1(,('/Wlli(':11 
('OlllH'dion<; <;11('11 as IInils, ";('CP\\,', holts, Ol' dO\\'pjf; T)(,l'ntil sli<lill,Q' of OIl(' 

lamilla 011 HllOIII<'l' :llld ::llIS do not ('nll'l(' til(' nssPJIlhl~' or Inmilln!iol1R 
~f' net ns n ullit. 

I~rn('iplli' Inmillnlpd ';OOdpll :IJ'('lr ribs alld OtllpI' lll('nrlWI'S :lJ'(' nll\\ 
1IYI\i111bh, t1IJ'OlI,Q'h Ill<' Ult' oj' glu('S ofpl'()\'C'1I dUI':lbili(\'10 bond I:lllljllll!' 
togdh<'l' a,; n illlit so tll:ll 1'('sishlJWI' to slidillg. or'sl,P:!.l' is IlS g("Pllt 
hf'tw('('11 (lip InYNs:ls \,'it;lill t!jl~ wood its!'l!'. 

PtTRPOSE AND SCOPE 

'1',,(, ]llll'pOS(' of tllis bllll(,till i.. to dis/'IIHS {'('('Pill l'PSPIII'('h Oil the 
,.,t('(·llglll of rriu('d l:llIlillnt('d ('ollstl'lwtioll :IS ('ollc/tI('IC'd :It 111C 1 }'(lI'('!-:1 
P)'od~J('ts Lllhonl1ol')' 1I1Id (0 p('('s('lif 111(' 1'(,Sldlillg l't'(,OIlIIlI('IHlntioIlS 
foJ' spp('ifi(,:ltions HlId (!Psigll sII'Pss('~, log('lll('I' w.itb othpl' lollies IIlId 
illfol'l1wti()n usdul to (,lIgilH'!'J'S, HI'('llil('c'ts, lind hlliJd('J's, :\'III('h of 
thE' ilifol'lnHtioll IIl>pJi<,s to otl1('1' stnH'fllJ'aJ mplllh<'I's, SII('II :1" ,.,t.I'Hig-lrl. 
nflmlH'I'('d, 01' ('111'\"('(1 h('I11lls Hnd c'lIl'y('(1 ('(wI'ds for tnlssPs, :IS \\'('11 :IS 

to nrc'II('s. Fnllll('\\'ol'k Hn'}!('S '1I1't' lIot ('onsid(,I'('(l. 
(:;luNl JmnillHtNI -;(I'lwtlll':l1 n!('rnl)('l's HS dis(,llss('d 11('I'('ill illl'iwl(,; 
1. AI'('hes and () 111('1' ('lIl'y('d nlplIl hpl's fOI'JIlpd hv hplld illg hon I'df':. 

or laminntions, to fhl' l'C'qllin'd (,lIl'vnll1l'(, alld glUIng' tlw11l'(ogetl,('J' 
B<,ndin~ nnd gluing- HI'(' dOll(, ill OIH' Opl'f'utiori. 'Phid.;:JH'ss of Imnilw
tlOns is so lI.cljuf;tNI 10 tlr!' ('lIJ'YnLIIJ'I' 1l1H1 st'('Hrnillg 01' ol'her sofiE'ning 
treatment ns IIRNI ill hpllding wood for of,IH'I' PUI'POS(,S is not I'oquil'f'cl. 

2, Stl'llig-ht IYlc'ml)(ll's l'oJ' IIH(' II;'; }wllms 1ItIld(' h~' gillill/! boaJ'd~ OJ' 

larninntions i.og('LII(·I' wilh theiJ' widUI lrOl'iZolltnJ, that in, pnl'n.llpl to 
thE' neutl'n.! slIrfll,('l'. 

" I)(\v('lnnrJh'~lt durin-' 'T('PI1I YfHlr'· of ff1.prr'VNI J1Jf'fHl~· for joinitl~' woodl'T! purl ... illf'n"l<':("- tllP ,'fIir'ic'IWY t)r 

tfmh(,f in frutJJprJ ~rdlt ", trtJ~sH;';. nOll f"w 'r". 'l' llf'Sl' nrf' di~Cll~l.:f·jl and dnl1 for Uwir LISP pn'-iPlIhld IIndt'r 
lVfoc1rrn ConnlJ('lnr~ in t.lln 'Vo(l(1 fInlldhonJ\. (.",)..$ 

.5 Ibtlip nurub(lrs in pnrnl1thrs(><; rnrr'r to ] ~lttll'UtUrf' CitcJ, p. 121.. 
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THE GlXED L.\:\[lXATEIl \\'()()DEX .\Rl'H 

ADVANTAGES AND DISADVANTAGES OF GLUED 

LAMI~ATED CONSTRlTTION 


Among til(' tHh-nntugE':" 11nd possihilitiE's thut mity he cited for 
glued lamina tE'd ('onstrllctiol1 of "trurtlll'ul memhE'rs arC' the following:: 

Arches to s[)nn lnrge unohstrudE'd Ill'ens with sllpprior arciJitectuJ'nl 
pffE'ct ure mudE' ilynilahle. An al'eh rib, fUl'thermore. heing in n sinale 
large cross seetion, illyolyes no intriC'ntl' framing and has hetter fire 
l'eslstmlC'e than an E'quh-alent trnss romposed nf~smaller pieC'ei'. 

~rateri<1l of the sir.es Ili;ed in laminntp<l ronstrurtion run he dried 
ill n short time. Hmce, thoJ'(lu!!hh- i'ensollpd n1Pmhel's tlln! will hp 
"lIhject to onl:,- n minimum of wnl'p'ing, twisting. uncI shrinkag-e aftel' 
im;tnl1ntion rnll hp prm-idpr/ quirkl~-. 

~Iemhel's rnll he built ll[l to Inl'gpl' rmss "pction and g-l'eatpr lE'ngth 
thnn nrp othetwisC' l'pndil)- nn1ilnhle or t.hnn can be shipped COll
\-pni pn th- OYE'r Ion!! disftllJ('pS. 

~r E'm hers run hp huilt up from material thnt is too smut! to he 
stl'uct'lralh- useful otherwise. 

Lnminntiol1s C'all 1)(' positiOl1Pd in ,1rC'ordntH'e with their stl'eng-th 
rhnrncteristics as dptprminpd h~' species, dpnsit.,-. lind defpds. thus 
!!uining thp ndvnntnge of m<ltprinl of high strpngth at points where 
"urh mntE'rinl is nf'pdpd, 

Bpnm" cnn hp rnll1hNrd to OYP1'('0111(' th(' IIlHlp"il'nhlp nplH'1I1'HIH'r 
I'PsI!lting from oh\-iou" sagging. ~fpm1)pl's nHl~- hr tnpl'rf'd in depth 
for more !!I'ncrful npP('H1'nnf'P ancl to Silyr ltl:ltC'rinl tlwi in n mpml)('r 
of ron"t.nnt CI'OS" sC'('tiOT! contrihutps hut littl(' to stl'PIl!!tlt lind stiffness. 

Tn somE' t)-pes of t1'IISSpS. run-pel ('hords ('ontit1I1OlI" thl'Ouglt sP'-PT'nl 
pnnels call hp suhstituted for !1t1l1pl-10ngth chord p:lIts with t'{'sultnnt 
sil1lplifictl tion of joint:"'. 

nll1f'd Inmin:1tf'd constl'lt<,tioll Iws n rpcol'd or slJ('('('"sfltl liSP ill 
EUl'Dpe dll1'ing n thil'el of:1 centmy. fl is l'rporlrd by ~wiss f'ngineers 
10 hp highly I'f'sistnnt to clipmictll dC'tf'l'ioI'Htioll unci i", ronspqllPntly, 
,,-idt+; lIst'd Whf'I'C' mr'tnl Srt'lIctllf"{'S 01' llll't:l! in ('0I1l1pct,01'-huilt WOOclPll 
;:.tJ'twtuT'rs would hl' snhjPc1 to cOl't'OsinJ1 . 

.\nlOTI!! till' (]isndvnnln!!r:-, :tllcl lilllitlltlolls of ghlpr/ Inminntrd ('011
stl'u(,tioil mllY },(' ('ilt'd tlip followill!!: ' 

Tn SOlllr Ptll'b of Eltt'O[w, !!lilPd l:tlllinnt('d mpmht'l';'; nrC' snirl to hp 
I(';,;s l'C'OllOmicnl tlwll othpl' forms of ('on;;tJ'tlclioll nnd otlirr llwtC'l'inls. 
('(mtiIlIlPd poplllnl'ity lilld ('lllTf'llt 11,,(, in otIH'l' [lllJis illdi('atp tlint nlly 
inCl'pHSpd cost is ofl'sd h)' SltIlPl'io]' npppnrnn{'p :llld oth('l' desil'llhlr 
qunlitirs. ,:\,Illrl'if'tln p'\:[lC'!'ie1\cP i" t1wt ni lrllsi SOllll' typt's of st!'u('
tu!'p" rOst Ie'':;'; with glllpr/ l:ltllinntl'cl tl!'cj]('S n,; {'oof SllPpot'ts tlHltl with 
:tltpf'llutiyp construction" b{'CHUo;P tlte l'f'qllirpr/ III'nt/room (':ttl he Pl'O
dded with 1r,;s(']' hl·i~ltt of sid" wnll,: ntld with Ipss total SPtl('(' utldpr 
thp roof. ThC' rhnl'aetC'1' of thl' !!IUI'S thnt art' tlO"- npplif':1hlp clops not 
[lrl'mit tllp IIsC' of ghl('d 1:1 ItlinntNI woodrtl lllC'mhel's unci('t., nil ('ondi
tion" of E'XPOSUl'P. Fllrtltel' rlp\'rlo[llllpnh in glll!'s, togrthel' with thr 
u!,;p of w.)()d tl'pat('(1 to ilH'l'I':lSP its dlll'ilhility nml fit,!' l'psistnnc(', IlWY 
be pxpet'tpd to rxt!'nd thl' fif'ld of llSP of sllC'1t I1lrmh('l's. ' 

G111('<1 Inminntpd ('0I1Stl'lwtioll is not nppli('nhlC' to stl'ltcturrs that 
must hI' compJ!'trd witltin 2 or :~ wC'rk:; !1fter thr mnterinl i" Cllt ft'Oll1 
th!' log. 

Thr dHcif'ncy of glll!'d Inrninntf'rl (~ollstructi()n. d!'[ll'tl(ling as it 
docs upon propP!' g-Iuing, rrqlli!'rs skilled workmanship und l'tll'pf"l 
manipulation during nss!'mbly. 



4 TECHXlOAL BULLETIN 691, U. :-'. DEPT. OF AGlUCULTURE 

USES OF GLUED LAMINATED CONSTRUCTION 

The most extensiye use of glued laminated construction has been in 
Germany, Sweden, and S\vitzerlancl, \vith lesser development in Den
mark and Norwny and with some reported use in Austria, Czechoslo
Yakia, France, aild Italy-. Glued laminated construction has only 
recently been introduced in the "Cuited States. .ll.Jllerican nTJplica
tiOllS are illustrated in figUl'es 1 to 9 u nd in numerous figures pre
sentedlntel'. 

European nses of gluC'd lnminntt'cl arches indude ereetion 10rms for 
stone nncl concrete prell bridgt's; nnd rooJ snpports in airplane hangal's 

FI(il'RE l.-Hp[,\'jee builrlin!! at FOl'<"t Product..; Laboratory, 46 feet widc' by 160 
feet 1m!!!:, \I'ith nine arch Rpan~ "P:lC'('el I (j fect. The th'c central "pall'; (D-type) 
aI'(' glupd huuiual eel fil'(']ll'~ of rectangular cross ,,('ction and con~tant width 
tapering from alllllximnll .,~]lth at the knee, nellr the junction of wall and roof, 
to lc.;spr dppths at the f(JIludation and the roof peak. Xext to each ellel "pan 
is a woorlpn arch of double l-s('c'Holl (('-t,l'pe) compo..;pd of plywood \\,eb,:, ~illli
lurly ta]lering in dppth, fille! glued lalllillUtl'd flnll.!!l''; of (,Oll~tallt rr()~,; ~cclion. 
End ,'Pilll" ill'(' n tl'll~,,('d type fmllled with modern wood COllllcctor". }<'or 
drnwill/.!:~ nllri dilllPn~iolh or a['('he~ "('P figllrp aR, 

(23), H udi fori lIlll;'; tJJ I. hUlld,.;tn lid::, bn thIH)lIsP";. ell('mi<'ltl nlld othrr 
factories, ehul'clws, (,Ollt'O lIJ';';('S of im[)Ortull t rail way stu tion,;, exhibi ( 
hulls. eJlginc houses (2, .i, 2J), gurugC',;, growillg lIOU';('S for plants, 
gY-llll1asi um,." pllLlle tn ri um,;, l'('sidcll(,('S, rid ing ucadcmiC's (2ii) , schools, 
sto!k hurns (25), strl'l'te;lr hams (J.]l, tl'nnis hall" (fig. ]01, theatprs, 
and wHrrilotlst's; nlld ill addition it f't'\\. foot ullcl ychicle bridges. 
EUl'Oprun applicution,; of glued lnmillutpd ('oll,;tl'lH'tion include also, 
parliculnrly in SW('d('ll nnd SwitJwrlullci. ll. large llurnber of ruil\\,HY 
station platfoJ'ml'oof supports (7.9.3) jll\'oh'ing i1 variety of members, 
such as cllI'\'rd bl'nc('s (fig. II, ....1), JulsC' tlJ'ch('s (fig, 11, B). cUI'\'cd 
beml1s ((ig. ] I, r, nllci nrrlw,; (fig. II, JJ). 

ThC' principnl ('oJll'lu,;ioll;'; from jllsp('('tion,; mllde by thc author on 
glut'd In.minntC'd ('ol);;tnwti()1l in Europr nl'e pJ'(h.;rlltNI togC'titel' with 
other dutn, Oil EUl'oprull dpvplopulE'llts alld prncti('e Oil pnges 87-94, 

D('finite illfol'mation 011 tl\(' fil'st. lISC'S of glue ill structllral membt'l's 
in the rnit('(1 ~tnU's is bc'killg hut. npptu'('lltl,v 110 C'x(t'l1si\'e d('vC')op
nlPnt occulTC'd prior to tht' instnllntion of gllJ('d lnminntt'cl n,l'cilt';;; in 



5 'I'Hi'; (jLl~EJ) 1..\:\i [X.\.TEl) \\'(){JDEX .\ltCH 

the ser'Viee building (fig. 1) at the Forest Products Laboratory in 1935 
(2'1). The company that built these arches has subsequently made 
glued laminated arches and other members for nearly a hundred 
buildings distributed in a number of States. Included are churches, 
community halls, garages, and gynmasiums. The same company, 
together with fmother sperializbg in farm structmes, has supplied 

Frc;rp.E~. Ct..rage at AltOUlltl, Wi~. Glul'd laminated arc lie,; Oil buttressed 
\l"all~. i-ipall, RO fppt; "pari II,!!; of tlrc!ll''', ] 6 feet. 

glued laminntecil'urters for gothic-style dairy bam;; nlld other farm 
buildings in the upper Mississippi Ylllle~-. 

The use of glued lamiuuted arches nile! oth('r nlC'mhers in AmeriC'nn 
structur('s wnssugp'sted b~- the fuyornble record of glued construction 

M332t1F 

JTloenE 3.-·GYl1l11a~iulll, at Goodman. Wi:;. Spall, 51; feeti rise, 25 feeti f;paciug 
of glued laminated arche~, ] 6 feet. 

in Europe. Such use would ('xtetld the npplieabilit:y of wood ns n 
construction material by J.\l·o\riding new types of ·,.,.ooden members 
with possibilities of economy through the lise of nt least some low
grade, narrow-width, and short-lellgtl1 mntrrilil. 



6 TEC'HXICAL Ul'LLETIX 691., l'. ~. ])1~YI'. or AUHlCl'Ul'lTHE 

M32224F 

FW1:'ItE 4-.-Buy:.:hor(' Xi/!:ht Club, l\lal'ill(,t(l', 'Yi". Dillllldl'1' of lHlilclin!(" 57% 
fcpt; "pacillg of /!:Jul'd laminated llrrh<'H uround per:pl1('I'.\', 15 fect. Arch rill;; 
5~~ inchcH wide, ] 2 inches deep at ba;;p, ] 6 incl1l's at knee, and 8 inche;; at CI'OW11. 

M329Q8F 

FI(lf'ltF: ii.~~Rt. Austin's Catholic Chllreh at rvTinn(,llp(lli~, Millll. RPUIl, 42% 
f('P1.: rist', 40 fel'!: "paeill/!: of ghlNllullIillatpd al'c1w", 14- fect. 
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~J3214F 

FI!iI'HI~ (i. :-;t. 1'('1('1"" Hefol'lll('d C'h\ll'ch at Kiel, Wi". Span, 42 feet; slJacing of 
~dll(,cl l:lIl1in:lll'd Hl'elll'~, 12 [Pl'!. 

Ff(;t:lu~ 7.-Bal'lJ IleUI' Verona, Wiii., with glued laminated rafter;; (J% hy .51~ 
inc),e,q in CI'O"!-; sectioll) C(llltil1lWU:l fl'Olll foundatioll to roof peak. Spacing of 
mft.('l's, 2 [('('1. 
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FH;rI(l~ H, j',hl,;ir room nl lI{,IlrY l\Iitehpll .JlllliOJ' High Hehool, H:teill(', \\'i" 
t 'piling (roof) etlrri<,d IJ)' glill'd lamillatl'd bl'HllIS, HPlllI, 40 f('C't: widl Ii or 
bl'lllll"', 1:; illeh<,,,; dppth of "C'(UII';, 20 ill('lw,;, 

FIGCItE 9,-L'uitecl Brl'lhr{,l1 ('llllr('h al Hl'tl ttl l', Wu~ll. Width, 22 1f f{'pt; ]wight 
of u;lucd lamillatcd llrelw-, 3(;% fcrt. 



Till': l;IXEIl 1,;\:\II.:\'.\TEI) W(JO))I';.:\' .\Itl'H 

M3lB38F 

FIGnm ]O,-TC'lllli;: hall at Falk(,llblll'g', S\\'C'c]C'I1, Hoof al'chc~ of glucel lami
nateci con . .;j 1'11(') ion; ~PHIl abollt ] iiO [('C't. 

Flfi!']{g I J. L.\:tlllpl('.; of 1'/11('11 l:wJiIl,w'd ('oll';)I'!lctioll ill railll'a,l' ,-talion plat
for'JIl roof "tlpPOI'(';: .1, ('tll'\"!'d IJI'lIt'P';, TI'uIHlllj('JII, ..\"OI'\\'t\,I'; n, fabu un-ill's, 
LlIllrlC]lJ:ll't, /"witzl'r/unci; (', ('IIITI'd I J;'anls, CO"NI II, ~hdtzerlaJl(I; j), al'cIH", 
(;oj hl'l" '"I'I!, :"l\I'C'c]I'II, 

TESTS OF THE STREKGTH OF GLUED LAMINATED 

CONSTRUCTION 


Although EllJ'O])('UIl ('xj)('ri('11 ('(' js W';(,j'ul us n guide, pnrti('ulnrly with 
rC'1'p(>ct to th(> ]>(,J'JlHlJl('/l('(' of glu('d lnmillnt('d (,OJl1'tJ'lIctioll, it does not 
pl'Ovi<i(> t('st linIn uppli{'nbl(' in l'ni{t'd 8lnl('s cOllditions nnd woods, 
~J ost nvuiln hl(' ElII'O]H'lln t('st dn til lln Y(, l'l,ju t('d to straigl1 t laminated 
In('lnhel's ruth('r thun to clIl'\'('d on('s unci only incomplete information 
ahout th0 ('hnrnct('J' of the mnlerinl and otl1('1' fUeiol's that may 1111\'e 
importflnt rf]'('(>is is jJl('luded ca, 11, LD, Aside from tilose 1'0pol'ted 
h(>l'{l in, t('sis l't'cently mnd(' nt the l'nivl:'l'sity of llIiJlois on two smull 
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glued laminated arches by OliYer (21) are the only Americall tests OJ) 

this type of construction that are known to the author. 
The dryness essential for good gluing preeludes Rt!.'llming or soaking 

laminations to make them fle::\-ibJe. Consequen tly, bending to the cur
yature sometimes required induces stress of considerable mugnitud!.'. 
The effect of this stress on the strength of the resulting members hil8 
not previously been il1vest.iga~ed ot.ber thnn t.heol'eticnll~T. It hns 
been a moot q llestion (24,26) wIth Europeall engUlC'ers but hUR usunll)y 
been disregarded in designing. The e!f('ct of lmots in 1nmi11fl(~ hn8 
not been given ncl('quate study. Lal1llnne of th(' fun Ipngth of thp 
member baye genernlly heen required, whi('h ie:;, hlconsistpnt with 
cOl1diti!)ns in the rnited State8 where luml)('l' mu\:;t hr shipped long 
distnnces. 

The principnl ohjec't of tb!.' test" drs('rihed hrl'!.'in W:lS to nfl'o1'd infor
mation that of itself or in cnnjundion witll oth!.'l'tl\'nilnb1e datu. could 
be used to det('rmine (1) the ('[I'e('t on glupd-llp cllITed mrmbers oj' 
the stress producpd in bpllding Inminntiolls to th(' rpquil'C'd cllr\'atnrC'. 
(2) accepta1)1p methods of joining' pipe'ps rnd to rnd to form lnminn
tions of greatpI' l!.'ngth ihn n aJ'e con nllirntl~' :1\'niln hlp ns sing'Ip 
pieces, (3) the exiPllt to which illntpl'inl ,,-iib knots nnd oth('1' c1pfe~t~ 
con he uspc1, ond (4) ::-;trp~:;ps for 11"e in cl(,,.;jgn. 

Two kinds of t!.'st wpre mode. For prpliminary stlld~' of thp dj'p('f 
of initinl 8t1'PSSPS, lnminoted (,Ul'Y!.'d mpl1lh(,J'e:; wPl'r suhjPctp,d to 
transyerse lewd, Otlw1' ohjpcts wp!'e sPI'Ypd h)' tp:".t" thnt 's1lbjPctpd 
('un'pd DwmheJ's to end thrust in tl1p sallle wn~' os nn orch rib j" 
stressed in seryice. 

TRANSVERSE TESTS O~ C(TRVED AND STRAIGHT MEi\fBERS 

The effect of ini1inl stl'(I';" wns :;tudi('d ill tpsts on southern yp!lo", 
pine (Pinlls pal1Jstri8, fl. till t/a , or p. ('('hinata), DOllgln" fir (P8(111111
t8uga ia;n/nl'ia), ollk (QIIU'('U8 sp.), and Ritkn SpnlC(l (Pi('(a 8itcll('ngi.~\. 
The thicknpss of InminH tiolls m.1S Yll]'i('d. i\ssPIll blips W(,1'e mn de to 
cITculnr ('UIT(':", th(' rndii or whi('h rnn,.r('(l from flO tll 320 timeR th(' 
thickness of nlnminlltion. Onh' matpl'inl fl'(,(\ from (/rf('cts was 11:"('(\. 

Lnmillnc pJ'PpaJwl in pnil's cOJisi:-;tpd 01' two pi(>('PS fml11 pnd-tO-!.'ll<l 
OJ' si(lp-hy-sid(' positiolls in n Jlni-sn\YlJ hoard. On(' lnminn of a pail' 
was lI:,,('d hl a cUITr(l n:".sPlllhly. lind thp nth!.']' in tbp :"nmp position ill 
fin os:"pmhl)" of stmight piP('('s. TI\(\ stl'llight nlld CIlITPd n~,,('mhli('s 
were glupcl ot the :"nm(' tim!.' nnd nl't('1' n ppl'iod of Spflsolling w(,l'e te~trd 
lmd<.'l' trnT1SY('1'S(, londing'. I1:df the CllITC'd J11('lllhpl's WPJ'P tpsjpd ,\-ith 
the conYC'x side liP BS illciicnfrd h.,'(]glll'P ]2 :lne! the othe'l' hnlf in tlIP 
r!.'YPTSe position. Rllhsr!jll(,llt to 1h(' 1,I'Il11';\'P!'SC' tps1s, :"P('Cill1!.'llS cut 
from uninjwwi portimls W('J'(' t('~U\d for stl'pngth ill comprpssion pn1'nl
leI to gruin. 

Data from tIl(' tI'lUl~\-e'I'S(' 1('s(" fll'P shown in figll!'PS J3 to Li. 
Figures]3 nlH1 14, in whicb pncb plottpcl point I'PPI'P"C'llts the strength 
ntiue Jot' n singlp ('un'pel sppcim(,ll rxpl'r,;,,('d us its I'n tin to the S:llll(, 

sirpllgth ynlup or the mntr'IH'd stnright :"P('Cilll(,ll, nl'e ench for two 
sppcips as illdictttf'd. AY('I'nge ratios fol' Sitka. SPl'llCP. southpl'Jt 
yellow pine, find DOLlgl:!:> fil' nl'c shcl\m in iiguJ'P ];j. The dotiC'd 
CUlTPS shown ill these figu!'('s l'('j)I'PS(,Ilt. tbe l'ol'muln InUll' suggested 
1'01' relating design Ylll U(lS to ('IJI'VatuJ'C. R!.'sults of compression 
tests nrc sUllllllariz!.'d in table 1. 

• 
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Fwnm 12,·· ('lIn'pel IIIl'mll('r ill (p;;lilll!; lIJ:ll'hillc ill pl):<it'ioll 1'01" trulll;\'CrSC (('s1. 

I 

I 


I 

I 

[.'1<1\' ItE 13, ··Hl J'('IIp;th propt'rtips us 1'C'htpel to elllTa{ u re frOlIl t r:lns\'ersp tcsts 
on ouk and 1:'itka SjlJ'llC'(', Till' doUpd l'lIn'ps J'\'111'l':';PII1 the formula wwd for 
r('illtillg (l\'sip;1I :.;(rc,;;;p;; (0 ('Iu'\'::dllr(', 
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TARLE l.-Ratio of uULximwtn cru.shing strength (colnpl'ession 1Jal'ullfl. 10 gf'ftl:n} 
of curved to malched ,qtraighi me'l/tber.~; by 8J1ecle.~, th'ickness of laminae, and ralio 
of mdi11S of CIl7'!'al1m' to IIdcknl'.~S of laminal' 

Hallo o( clln'aturo=320 Hatio of cur\'oture= 1,4Species and thickness of Jarnimll' 
(inC'll~s\ 

A. \'(lrag(~ 4\fnximum ,:\J inhnulll ; A n'ragl'" )J axiuwlIl ),1 iniwuni 
, 
i'. 112.4 120.5 95.3 

:1.~. _._ Hi. Ii 99. Ii !la.2 
piw,!. 1Oi.4 111.11 J1J2. , 

Dou~Jns fir: 
9S. iL. 10-1.2 92.2 ------ .. ~ ~-3.~·_ 100. ,j 105. ii 91. 5 ---. p~ ~ "'99~5' 100.0 UII.II

Sitka sprue.. : 

Oak: 
I 101.S 104.3 90,2 ------ -.. ... --._-
1 .... _. 

All SPPeil'S nnd Ihickl"'''''' 

HaHo of ('ur\'nhlr{'=So 
Soutb!'rn y(·lJow ]ljll(" 

1.. JUI.-I : 110.4 g-I, i Ufl. -I 101.!J 02. ~I~;- .. - IOI.S , 103.0 100. I ! 95.6 !On. 0 \11.1
1~'8 __ 

DOUj!Jfl.... fir: j 

99.-1 84••i 96. S IOU. ~ sr., ;" 3~ 97. f1 16?:? ! 93. .i 9r,.3 98.7 !l:l.1 
13 1; 

Sitka spru('p: 
!. Wl.2 H7.5 91. 7 , 92.9 lIll.1<

Oak:' 
~!i-- w 99.1 10,. ~ 95. j 96.2 US. II------..All sp(lC'irs nnd t hicknp~s(>$ fiR J ~~.:i On, -; lOU. :! Sli. ';' 

Boards that fIre free frolJl kllots 01' bad ('ross grnin, particlllurly 
those of coniferous Sl)(;'cies. when bellt to it mdills as slllull as 80 times 
their thickness. us for 8011H' of the mernbers tested ill this series, nre 
strained almost to breaking. .'.[any pieces cOJltuining knots or severe 
cross grain and occasional pieces free from defects and of relatively 
struight grllhl fnH, bllt exceptionnl pieces ('nil he h('llt mlldJ more 
seyerely. Bellding to n melius 160 times fhp thi('klle~'" prodllC'cr:
stress appl'oximnteh- oJH'-hnlf the ultimntp IIlld nbollt eqUid to the 
valtlP at the' proportioJllI1 limit. 

The modernte drfiC'iellc"" (mnximum indi\-iduul \'nlue burel\' o\"er 
50 pel'('ent for the IlHn:iJllUm CUJ'\'atu)'{' nnd IllOSt vnllles f()l' this 
cunn tllre less tJJnn 40 perC'ent) in strength properties of the cllJ'Yed 
mem bel'S, as shown by t-igtll'es 13 to 15, indien tes that the initinl 
stJ'eSSC::i hn \'e Iwd much less effect thun might have been expecte'd 
from f1 consideration of thcir mHgnitlJde. 

S('yeml of tli(' mtios shown in figures 13 to 15 und in tuble 1 nl'P 
grenter tlian 100 perC'ent. This indicates thut the strongth of tlit' 
ctllTed m0mh0J's is 11 fJ't,C'ted hy rnetoJ's otlier thun the Clll'Vnturc and 
the initinl stress in [hp Inminilc'.Hcllce it ma.y be doubted that tbe 
strength deficiency is as gJ'Plit ill lIny illstance as is indicated by the 
lowest individual mtios. It is pl'Obahle that the cfreet is more ilCCU
rately represented b.l' the nycmge values shown in figure' 1,5. The 
ma..ximum ddiciency ill mod ulus of elnstieity is less than 20 percent 
and the average less than 10 peTecnt. 

The data from tests of strength in compression parnllel to grnin, ns 
listed in tuhle 1, indicate !l mnxim UIII strength d0{iC'ielicy in illly 
instan('e of about 16 pel'rent and all average for the most severe CUI'va
ture of less than 5 percent. 
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TESTS OF CURVED MEMBERS UNDER END THRUST 

For further sthdy of the effect of initial stress, for investigating the 
effects of joints in lnunnntions and of defects, and for obtaining data 
from which to derive values for design, curved members were sub
jected to tlu'ust along the chord joining the centers of their ends, as 
indicated by figure 16, the load being applied through hinged ben rings. 
Load, lateral deflection nt the center of the length, nnd change ill the 

FIGUIUJ 1O.-('un'('d 11ll'l.lIi1er ill ie:;j,ing; machille ill po,;itioll fol' il';;i Illider elld 
thrllst. 

length of the chonl were ohsC'I'\'C'd Siltllll1mlcolisly. A large llumber 
of members built up H t the laboratory were tested in this WHy as were 
also hutf f1rches of two types ml llsed in the laborutol'Y service building 
predously melltiOllcd. 

TIle memhers huilt :1t the' lahomtory hac: pn.mbolic axes with the 
vertex nt the center of fbe length. The curves were slIch that the 
central offset i'ro1U n chord (If 20 feet wus 1 foot, 3 feet, or 6 feet. 
The corl'esponding radii of CUI'\'ature of the uxes at the center of the 
length were 50,16'%, and 8,16 Jeet (600,200, and] 00 inches). In nenrly 
nll instances, the thickness of laminae wus three-fourths of an illch; 
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28 117 


74 73 


M:a''J:F 

]o'ICO['lo,; 17. ('!'IN; sectioll "holliul!: dllll'tH'(P!', with. I'l'lijlect to ratl' of growth 
alld 1)('n'cllt:1.gc of SlIlllllll'l'Woor[ of ~()lItJll'l'Il ~'I'iI()\1' pillt' lISprl in C'xpcriuH'ntal 
elll','pclltlcmIJl'rs, Jn XI), 2R, wilic'l! IUl.1i n. f o(lll of 12 Illlnina! iUIIS, tilc 4 cenfml 
lanlill:tiiolls aI'(' f!'OlIl fi-illril Xu. ] ell/IIIJIOII hoards, :n Xu, 117, wilich has 
12 IiLmiuatiOlls, thp In ('(,lItral IfLlllinatiol\s an' from (j-illl'h Xo. 2 COlll1l10n 
hoar'ds, In Xo. 7·1, whieil lras 11--. J:ullirw.fioll", (ill' 1·1 (,PlltraJ lalllillutio/H; :tr't' 
[row G-ill('h Xo. ] ('mlllllon IlIlltrds, In Xu, 73, whh'h hits lR lalllillati()Wi, till' 
1,1· ('('n(ral lalllinll.t.ilJlIs arn fl'OlIl !i-i1l('h Xo. 2 ('''1I11110n hoards, All othcr 
laminatiOll:;; arc fl'011l hall'l's of 12-iueh ;\0. I COllllllon boards. 

http:1)('n'cllt:1.gc


16 TEOJ:I..XlCAL nCLLETIN 691,(;. S. DEPT. U.F AGRIOULTUHE 

the ratios of centI'nl l'ndius of CUlTnture t.o thickness were conse
quently ~OO, 26(Pt nnd 13:1\~. These experimentnl nrch!:'s nre desig
nated I-foot, 3-foot, or {)-fol,t, l'espediYel:v, lIc('oJ'(ling to the relltrul 
offset 1'1'0111 it 20-foot chord, Till' j(,lH!:tli of luminations wnR limit('d 
to 1(j feet or le:::s wllicll rec;ultpd in thC' chord I(,llgtli..; h('ing uRlwlIy 
15 feet for tbe l-foot and :~-fo()t o(l'sets, nnd 14 f('ct for thc (i-foot 
o fl's('t, Th(' acfll111 ofrs('ts w('rp the Ilominnl 01l(,S Il1l1ltip!iC'C1 by thC' 
, (chord lC'ngth in fpetV ", . ,_'
indor, ~ -----'-:Elf-- -- ): lIs11nlly tl1Pll b'l' 2(Jl.1, or ,{;)7:'ii lllches, 

SOI11P :~OO cUI,\"(,d Jl1t'l1lb('r..; with pnrilholic H~,p,,; n..; jllsl dl'scri\)<'ei 
W(,1'(, mnei(' in thp Inhornlory shop:, for tpst llllder elld thrust, ('1'0':'" 
s('ctiolls W('1'(' nbollt () incll(,s wid(' with (Jppth,: of (i. 0, or l:{le inclH'" 
('ompo..,ed of :-;, 1:2, or lR l:lIUiIlHtioIlS. pnch of n 3,-inch finish(,d thic\.:
IIP";S, Combining' till' :{ dppfiJs with thc :~ ('lIl'\lltUI'P'-' cnllmprlltl'<! 
PI'C\'iOllsly nwdr 0 eli(l'r-rillg cOlllhillati c,p..; (If eippth or 1l1(,lllhpl' Hlld 
('lIn'ntul'p, Fol' till' most pnrt. \\'pll nil'-dl'il'ri lHlIllill:l1 l-illl'iI 11lll1hpl' 
was m;pd, Bonrds. tlfft'l' lwing' I'ipppd to til(' ],pqdil'pd widtil. 1','('1'(' 

prp(>11l'c<l 1'01' !..dlli11f! h~' hl'illg' passpd O\'PI' II joilltf'I' rol' :I lig-ht (,lit 1111 
1 fnr'p, rolio\\,pd h~' a pianPI' ('lIt Oil till' oppositp 1'11<'(', :iI'tPI' wilich a 
plmlcl' (-.:illg'lp ,;ul'fll('PI') (,lit WllS tn\.:('11 1'1'(1111 ('neil ,;irip k:l\'ill!! 1i1{' 
fnep,; slllootil :llld tl'IIP, Uid n (hon glll(, \\'n..; lI..;('ri hp('HlISl' nH'('ll1lllicnl 
spl'(,llder,; for tbe ('011\'('111('111 11(>plir:llioll or enseill glup weJ'e not 
11\ lIilnble, 

SOl'THgItK n~LLOW PINE 

LuhuJ'ntoJ'y-blliit 1II'('iI('s, wilich \I('rl' ((',:(pel til ohtnill fllrthPl' dnlll 
011 tIl(' pcr('c't oj' il1iti:ll ':{I'PSS nlld to "11](1\' till' dr('('1 of klIO;,'; Hlld 
joillt,; ill II1111illnti(\Il";, \\Pl'(' 111:1<1(, pl'illcip:tlh- of :iOlltll('1'I1 n'lio\Y piliP, 

TIl(' mntprinl lI,;pd ill filp :11'('\1(',.. \\-H:' pIIIThu,,;\'d 11"; \'11, I ('OlllIlHlII 
and ~(), 2 ('0111111011 bon I'll:::, Till' \'0. 1 ( 011111](111 Wll'; lIot ";0 dl'r('('li\'(, 
liS the gl'ntii:lg nIi(,,, jlt'l'lllil. 1"01' till' 1ll0,;t pHl't it \yn" ll('tll'h rl'P(' 
frolll knot..;, tbo..;p IJI'P';Pllt hpiHg ,,"wi! ullri lI:ill:dh- lOCH 11'c] IH':II' Ill(' 
(,11t1s of thp bonnj..;, L:ll11il.ntioll'" dp,;igll:Jt('d "('](':11''' \\PI'P frolll tili,.. 
storl\. Th(, :\0, 2 ('()J111l1011 \';\" t" pi;,:d ll1:ltl'l'i:d or Illi..; gl':J(iP alld 
SlIppli('d titl' Inllliml(' <'in..;..;pd :I" "til'r('('ti\('," '1'11(' f!Plll'l'nl f'iIHI':I!'tpr 
\\'ith I'('SIH'('t to !'lIt!' of !!I'O\llh alld pl'!l{lol'tioll or SlIll1l1H'I'I\(lO<\ i" 
illl1s( 1':\ (Pei iJi fif[l1l'!' I" 

Sixty-tilrpp IllP!llhpl''-' huilt (,l1til'('1\ or ci(':lr l11:ltpl'inl \1 ('I'p indll<i('ti, 
«'OI":,tll(1\ of til(' 1'(1'('('( of 1\('1'('('(-; ill lUlllill:\(', ('h':II' b():ll'd" \11'1'1' C'OIlI

billt'd \I'it!; (iPi'f'(,tin' OIH''' ill tilt' ";HIllP III 1'111 b('I', \)('I'('('(I\'(' hOIIl'II .... 

rOI'!l\('d til(' ('('1111':11 purl or III(' ('1'0"" -;('('(iol1. cil':ll' \)0:11·<\ .... lH'illf! lIs('d •fol' Ill!' Oliff'/' I:llnlll:l(, (Ill I'll!'ll ";Id(" SOll1P or titP IIWlllhpl''-' lJi' thi" 
kt!lci \\('/'(' Illutch('d (0 1II('lId)('I'''; ('oll..;i:-:tillf[ Plltil'ply of 1'1('111' !nlllill:l
liollS, Fol' till' (lllt!'1 inlllillU(, Ill' Ih(' n'lntf'iH'1\ IlWIlli>('I·,., I~-ill('h 
bO:lI'(I,; \\PI'(' ripp('d in(o tW(, ('(ttwl piP('('';. (lll(' of whicll \\:1:- ",-,<,<I ill 
tilt' outc'l' pOl'tioll of (JIlt' lI"";(,lIIbh nlld till' o!hpl' ill thp "::1111(, positioll 
in allot.ilpl', Thl' ('rill nil p()l'tioll ('ollsi;;tpd or Ii-illch ('\(':11' hourd" ill 
011(' llss(,llIhh- :llld {i-IIl('h dpi'pC'(il (' hn:ll'd..; ill til(' otlu'l', 11I:l1I ill
st:lIH'<,:, s\.:(,(,('II('''; of hoth .;idp.... of I':lch iall1illnfiol1. 111:ltiP h('fol'(' g'1"ill~, 
l'C'cOI'ded tllp dir('('tiol1 or 111(' ,!!:I':lill :llld til(> "izp" :l1Ic! I()('utiolls or knots, 

~1t;~II!I~It." 1\ TTII I..\)!I~ ,TU);>.'" Vltl,;J-; VIto" Ill'; !' V, , r.., 

1'nbl('..; :2, ;~, !llItI -I 1)I'('s('1I1 dutl] 011 (j:1 11]('111\)('1'" IIwdp fl'Olll <'i('HI' 

soutil('rll y('llcl\\- piliP llllllilN. Thp t\islrilliltion of vnIIH''';, chlssifi('d ,
neeol'(lillg t,o (.\1(' Ilumber of luminal' Ilnd the CUI'\,II{,ure! is ;;lioWJl, 
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As may bf' l1otpd, tlw strPllgth nd UPS for ttl! v onr combillation of 
cUTYuture and llumlwr of lan;iI1Hl', or drpth o'f nW111b0l', vary (,Oll

siderably, Figurr .IS, in which aWl'tlge \'alues from tn hIes 2, 3, nlld 
4 are gl:aphed: disrlosp,; no consist<'nt relationship hl'tweell strength 
yalues und n llm bp1' of l:tmil1H tions, It dol''' sitow, ho",eypl', that nllups 

for titP 6-foot ofi'spt arp 10\\,pr 
tllHn fOt' the l-foot Hnd :~-root 
OrrS(>ts, with hut littlC' difrl'I'('lIti
;di(m Iwt\yprl1 titl' lnttpJ' two, 

,~-;> ~\ j" \ 1 
J 
J 
I 

1 
i 

'j 

-J 
I 

,
H 

" 

:-~. 
~ , 

I _. J 
• + ---1
.. t 

,IL_,"---'-,._____• . ....J 

..... ,...... tIJ'" f~~ fl'f~1 

H. f"'~ FJ(:nm I~l. IhLtios of .,tn'lIgtlJ
ft."·~' , 4:';" • 

b.l1.1'~ (I' •. ... "'I; .. 
 i IWllciill.1! pI'll' ('(Jllljl)'e;;sioJ) I "f 

lIl('11I ill'l';'; with c1efreth'l' lalld IHI
FLC,l'In; lx, :'J()c1l1l)J~ "I' l'la~tk.ty unci ti(Jll:; to stn'llgth of ItllLtrhpcl 

stJ'!'SSI"" at pJ'o)iorliuulIl lilld1 :I ltd 111:1'1: 1l1l'IJ)il('1'1' with ttl I ia/llinatioll., 
ill II I111 Illl>lll(.'u1 :L('(,"l'diJ)~ t .. ItlJPdll'r <'IP1II' It('('ol'ciillg to Pl')'('Plltagl' of 
of lauJilllttiom· awl l'l'latill' ('II)'\lltllJ'1' d('fl'etin'lalllilllltiolls fnl'Slllltll(,I'n 
for ;;ollth(,1'1! .\ ('i1oI1 pillt' . ,I'plio\l pin p , 

.\1 ,,\I BElt,.. \111'11 [lEVI';("!', rx r,.\\lI".I'I'j()SS 

Figul'(' III IH'PS(,llts dntn 1'1'0111 I('sts Oil IlIUl<'lIPd pHil'S of 1l\{'lIIbrn; 
with t!pl't,(,ti\'(, matprinl ill til(' ('('Iltml portioll of til(' ('I'OS:-; s('('(ioll of 
0111' illdi\'idmll. llip oth('l' b('in~r IIl11d!' Plltil'C'ly of el('ur lIl:1t('rinl. 
Etldl plottrd poillt ill thb !!;I',lpli 1'('PI'('Spllt.,; titp' ratio of tllp strrl1f!:tit 
or a IIlPllll>P)' with dprp('li\'(' IIlntprinl to (111It of (itt' 111111('11('(\ 11 l(IJlIhpl', 
TIlt' st!'PlIgt11 ntlu('s IIs(·d UI'l' th!' cOI1li>il1C'd 1\(IlIdillf!: IIlld ('omprpssiyc 
stn'ssps nl tit!' prop()1'tiollul limit :lilt! Ht maXillillJII 1ll01llrllt. 

Dn tu Jrolu 11]['111 il('I'" ('onsist i II~ !'Iltil'l'ly of ('lpUl'lIlu t,('rial. puirl'd 
01' llluteI1(\d by I'ippillf!: 12-ilH'h ('11'111' IlOlIl'lis lilld plnl'illf!: tll(' I'psulting 
f)-il1cli lamillill' ill id('llIicit! positiolls ill til<' ill<ii"idwt!s oJ tli(, puil', at'p 
uSt'flil ill illll'rpl'!'till~ fif!:I1I'(' I \I, TIi('':;(' <lulu UI'(' showil ill tublr :i, 

('ollsidpl'illg-, ill (,Ollll('('tioll witll rif!:III'(' lH, thl' spl'(·:\cI ill st['('Ilf!:th 
\'ulue's 1>('(\\,(,('11 Illlll('lil'd 111(,11I1>('I'S of (,lpUI' Illalprini Iluh[(' fj) it is 

(,,()!ldll<i('d that lip t.o 1\0 1)('J'('['lIt or d('r,,(,ti\'!' IIll1tl'l'i:d ill tlil' eC'1l11'l\1 
portion of H lnmillut{'d 1lH'1lli>!'I' dol'S lIot si;,!:llificulltly J'('c.!uee the 
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"trength below thtl t of lllt'tll h"]",, ('ollsisting- ('11 tin'ly of denr lumillfi
tions. :\Je111I)(,]"5 wi tll Irss than till PPl"C(,1l t ddpctiv(' nIH tf']"inl Hyrmged 
n9.5 percent us high ill proportional-limit ntiups nllt! 0•.• prrCl'llt as 
hig-h in ynlues at l1laXinl1lJll 1110111('11 t n;; t\w :111-<,lpl11' IllPllllwrs wi tl! 
w~bich they 'were lilU trlH'(1. Tllp COITl'Sp()llding fa tins for TlH'IH hrr;; wi til 
more thun no pNcpnt t/pfpctiyf' 1l1:ltpriul art' q.(i Dlld -.Ul Iwre'pnL 
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FIf;nu> :W. '\llldqlll~ IIf I'!a,tipit.1 awl 'll'I'~~I'- at 'Jl'''j'''l'lj<llltti lindt dlld at 
t1Jll"i III tlll I 1II1111l1'lii f"r '1Jlltill'rt n'lI,,\\ lJill(' iIH'llliwJ'- /tudllg I-rllnt alii I :3-foot 
"ffH'I.' \litL \ IU'trlll- )H'ff'Plltagr" <lr d,,[['c,th .. lUa(l'rilll. 

'1' \llLl· .). I/'lflu.'-. /,,1'1'1( Ii "'/1( !taft. 1','/IIf,'" II' lItf IIdu r., O.f 1I1I1I("/,ni pfli J,,'" C()1I1po.'{()d 

'Ul/II/'I IIi rl"i-' 1/1111, r/,,[ 

l' I ~ ~,. l.:uuin:l ftillt,,, 
\r J,ro{ltJr· 1.' H~'1\I!lhJIIlI ~1 {/(lultJ~ of 

'lotnl h!r. t ":utiIl'Ilt l'l:l'iti('it.rL 

\ullIfu'T Fal j>t'f'ct'1l1, JUt 
X (If,, ,~!I 

\II. 
9/; 
S~ 
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A furthel' f'Yflluntioll of tilt' e!foet of defrctin' lilaterini is flffordru 
by titblE's G. 7. llnd Sand figuJ'E's :20 anci:21. '1'11(' tabh·s show the 
dL,tributioJl of strength nllllr~ neeoJ'(\ing to the prJ'eE'lltcge of clefectiyc 
muteriaL An'l'Ugr "tl'pngtb nllur" HI'\:, plottNI ngninst the pel'(,pntnges 
of ddN'tivc mntE'rial: ill figl1l'(' :20 1'0]' 1- mill :3-foot uf}'spts comhillE'd 
and in jigm'(' :21 l'oJ' til<' ti-{oo( oll'"rt. '1'1Ir"p inblps nnd ding'J'lI111s in

---------..,--------------------, 9:. 
~ 

~ 
o 

, "'. 
d , 

-'. 

o o 
o 

o 

oo ,,'," 

---or·--------

o 

Fllit-Itt,:21 ;\1",111111" or "]a"ti"it,\ alld ""I'("SI" at pl"llp"rtillnal linli! lind lit 
IIHlXilllllll1 1I/II1IlI'lil fill' ·''ItltlJI'1'11 yl'IIO\\ piliI' IIII'IIIIIPI" Im\ iIII-( :t /i-root ofJ's('t 
\\'itiJ \'ariotls [l('!C'('ntal-('~ of d('fl'('1 in' J111/('rial. 

cludp 1111 u\',lilablp datn Oil IIIPIllI)(']'s witll I'tll'i()llS pc'],(,pntngps or 
ddpcti\'<' Inlllill:lti()n~ \\"1t(,J'(,II~ figl I 1'(' J \l I)I'P;-Wllt;; datn OJl IIl:ltclwd 
pHil'S of ml'l.lIlH'l's Ollly. Figlll'Ps:20 and :21 likp (jguJ'P 1\1 illC\i(,lIlt' 
oilly IIlOdpl'U Iply low('t'Pc\ II \'PJ'ilgP st 1'C'llgth nIl [1(':; I'ot' n)('lIllWI'R wi t Ii 
lip 10 lli>ollt n{J 1)('1'('('111 1)1' t\f'I't'ctin' Inlllil1:ltiolls ns ('olllJ):ll'rd \\'jth 
nlPllIlwl's cOl1sisting (,lItin'l,\ of <"iPU1' lnminations, 
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Table 9 IS a resume of the datu, in tables 2, a, 4, G, 7, and 8 and ll1 

figures 19, 20, und 21. It slll11marizes thp resnits of end-thrust tests 
on southern 'yellow pine memlwl's lIml. ill ndclit ion to nyem~e und 
minimum vulues, includes certain statistieal measures to whicll refer
ence will be mnde Inter. 

TABr.E 9.·· Resume 0/ ('nel-thrust Ir.~t.~ on parabolic cllI'vet! IIw/.!b.·~.• of sOllthern 
!II/lou' piuc . 

STIU~SS ,IlEXIJl:-\C; .\XIJ .·tJ\II'J{]~SSlO"l .\'1' PIWI'()HTI()'\.\L 1.I~IfT 

\ n'l':I~" 
iiI 

Stand
:1f,l dt" 
\'htitllt 

oJ' 

i
:!.a'Jlia 

'Iilli 
llltlH' 
tf'~t 

\:lhll' 

('11I1Ii. 

l'jPPt 
of \',11 
inti· 11 
u+-i 

All laminnl ion, (.\< ,Ir: 
I-foot offsN 
3-foot o/fset 
1- :.tIllI :~~[uCJl olr"'Pb ('omhiupd 
Ii-foot o1fset 

t;p to 5n pen'ellt of lHau'riallu I!t~utral part of 
t'rn",~ ~('t'liun dp[N't in~: 

Hoot offs"l 
:l-foot nrfset 
1~ aIlf! a~ftJ(Jt ujf...Pts t'omhmrd 
Ii-foot o(f~llt 

66 In JOO !Jer('t,ltlt (If mat{lrinl in (,(,l1tral part of 
ero...." ..ectiml d('[(i('ti\'e: 

t-Coot otfst't 
:J-f""t olf,PI 
1· ~lnd a-foot nlT..:pf ... ('omhirll~li 
Ii-foot otf'~1 

11 
10 
~I 
r. 

LI,.it.".'q.
iTt, 
·(,:JMl 
;1, (*,o 
;" 0211 
4.·Jrx) 

,'\, :.!ill 
ri. :.?50 
;1, 2fiO 
taw 

~. 770 
t 120 
4.liOU 
:{, .iOfl 

[-'.'t; . .'if)
:,. 

s;m 
li9:.! 
'i,~~ 
Ii% 

1~ O:!~ 
Sili 
H.ia 
;31 

9:l:i 
:15:l 
i!)7
,"in 

2, ~1""O 
:l.4'0 
:1.1!l1l 
:!, 7~(J 

~.,~o 

:1.210 
:1.1141) 
2.11.)(1 

:?, (alO 
:1.I3n 
2. 'j,i{) 
1. ,00 

~. 4()O 
:1,000 
2,liriO 
~. :!l1J 

2.1HO 
~, ti20 
~. 400 
:!.1tio 

t.utiO 
:2.7';0 
~. 2I1l 
1.1,,11 

J.II",/M{ 
i'l 

3. iifin 
:1. "40 
a. ,ifiO 
:l,1)2fl 

:-1, ,iliO 
;,. :··10 
:l•.;~o 
:1.11211 

.1.1011 
:t i"n : 
:I. triO 
~. 1:111 

1-, I. 
IT.:! 
la." 
1';.';
J:,... 

1!I, .~I 

ili.7 
I~. I 
Iii,'"! 

l!1.fi 
l:?.-' 
17, :-1 
22.1 

AJI laminations ('Ie'lr:
I-hol olT,O) 
3·fnot off"'f't 
l- :uv1 3-foot ,,If ...rt ... (>(Hlihill(lfl 
Ii-Jool f]tf:-:c-r 

C'p tn .ifi II('rePIlt (If m:lt(>ri:ll HI {'{llltr'~l pari of 
pros, ~(1('tlnn ,!p(p!'th'(l': 

I-(oot OffSN 
:{~fno'" nfi:'{.ll 
1- :11)(1 :3·foot oJfiPt~ ('oITJ.hin(l·i 
I.-foot ofTset 

6H to 100 per("(mt -of m:ltPflalm i'rnlrnl part of 
(>ro~.; ...(I('tion dr{p(,tivw 

l~foot f,!f:"rt 
a-foot flff..,)t 
1- and :J·rllflf nlr...pt..; ('omldnrd 
6-[f)()( oIT!-'f:'1 

:21.,

" :11 

10. (t)O 
III.I~II 
lll.nfili 
7. '311 

10. ~!II 
'I.ttltl 
11.7:111 
-:,:i;il) 

".ll1iO 
;,I.~ll 

-;~ 7fJI 
,~. :lllfl 

I.O!!:! 
1 • ."i:":i;~ , 
I. 11.• 
1. nj·! 

Ill:! 
I. 9~5 
l,Ji7-1
l.·m 

7, J:!O 
7.4J(1 
'i. :.Y:II 
:I~ '~Ofl 

i,71)O 
.i t if;O 
Ii, ~:{(I 
t. ;;0 

5, !JlO 
2. !)f10 
·1.100 
1.9!jO 

h.2,,-!{J 

I~, ImfJ 
j'. ,!;',(I 

4. ~I~J} 

Ii, ~JI:(I 
t. ;IX) 
r,. If)O 

:;, ~J;O 

:'.:l~() 
1. 

'
llO 

:1.010 
fiDO 

Ij.~20 

7.:NI 
fl. "'~tj 
H,l1l1 

t;.":.!fJ 
';1 a~1{1 
'-" a!11l 
:;.t)l'KI 

7.1.,0 
:-f. 020 
0. ()~~t 
:1. !I~~I 

12. j 
1t.;, 
12 ti 
12. :1 

All laminot!on, "lear: 
I-foot "Jf,!'! 
:I...(oot rrt1\PI 
1.. and a-foot otr~(lt ... ('iJJuhi!1Pt} 
f.-foot Orr~(it 

ep to!ifi l)('rcpnt or mat~rJ'I] IH !'I'!Jfnl1 (nrt of 
cross section d{l[~~rth e: 

I-foot off,et._. ___ .. 
a·foot otTscL_._....... .. . 
f .. ~nd 3-root otI..;eh "omhir!pd 
I;·foot olfseL. __ •.. 

'lIJ til 100 percent of muted.lIm (~1I1trnl )inrt r.( 
('ro,,< section defective: 

!-fllot CJtT.;pt 
;Hoot OlTSl't 
1- nnd :l-fl)ol OIf'CI~ ('omhln~oj 
fl-foo( otf>et 

2'2 
I' 
·10 
24 

:l;j 
:)1,'
" 37 

11 
11 
'22 

,',nl}li 
JI,~_ ,1I,1j. 

"~I 
1. ~}IJ:! 
1. H7;: 
I.!!:!;; 
11'~2;i 

1.9111 
I. ~171 
1,9·1:; 
1.~17 

1, ';03 
1. tJ!Ji 
1. 72:. 
1./j:!1'. 

LOW
n,'( .11]. 

in. 
HJH 
J:lI 
1'i.; 
J57 

192 
l;~ 

l~, 
14(1 

I.t\\. 
1.li70 
l ..";:!fi 
l.JI;" 

~::;l¥ 
l.510 
),170 

1,33;, 
1.262 
1.2ml 
1, :t!r, 

1.:\·1:1 
1.·13. 
1.:ls4 
1.:1.11 

1.2U2 
I. H. 
1.137 
!! 23S 

1/INI
n,'f .w/. 

'n. 
1. 'kil 
1. Iii" 
Lim 
1.41'; 

1.1J;l\ 
I, ;.s·1 
1. ;iX~ 
1, -II'. 

I. lifo 
1.1Il' 
I. 10' 
J,·II!I 

10..'. 
fj, fj 

!I. I 
h. I~ 

10.11 
!I. II 
((Ii 
S.:! 

J 1.1, 
'lII.:l 
ILl 
7. H 

• 


.. 


<. 
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MElIIBER'; WITH END-TO-END ,JOINTS IN I_A~IINA'J'IONS 

Provision for 1:1111inn ted JllPlllhe'],s long(ll' tlwn n \":lilable boards 
requires eOllsicierntion of how end-to-end joi.nts in IHminne cnn be' 
mude' and of tIl(' efJ(>et or sltC'b joiu ts OJ) tilt' strell~th of tJle lllC'mber, 

Oln'iolls1y, butt joints without glnp h:l\'p 110 strC'ngtil in tenRion, und 
teRts han' showll thnt wlll'1l g-1upd they arC' \'ery eJ'rn,Lic in stl'pngth, 
thc' best tp('hniq UC' in llsing il\'uilublp glueR uffording no more thun 2,5 
pt'I'C'('nt of tllP t('/lsile stl't'l1gth of wood (2fJ, P)J, :jt) (jO), HelH'l' glued 
Inltt joints are inlHkquntC' to resist till' brlldillg 01' luminue to shape or 
to I'psist t<'llsile "tTl'S:' ill :l 1l](,1ll1)('I' nl't('J' it is fOl'll1pd, Butt: joint!' al'e 
ulldpsil'uble ill ('111'\'e<l IUlllinutiolls beelluse of thril' prl'rd Oil intcJ'laminn 

FW1THlc 22. ('ol1diliolJS a( a Im1! jojul jlJ a l:uJlinatiou Dr a ('lll'vl'd lls'PllIbly 

rOllta<'ls ill tllt'il' \·j('illi[.". [t is illlJlo:,sibJp to Jll'Odll('(' ('UI'YUtUI'(' rig-ht 
/;0 the (~l1d of n ,;qlwn'-('nd(,d piP('t', il('ll<'(', ill til(' \'ieillit.\, or butt joints, 
('on/llet Iwtw<'(,11 adja('pn[ [Hillin:!!' ('Ull I'p';lIlt ollly froJ1l 1)1'('sSII1'(' 
slIf[i('ipnt (0 ('nlsh tIl<' w!lod llnd ('XIW[ th(' g-[IIP, tlills Illakin' th(' joints 
be'twe(,JI lumin:!(' [o('nlly d('fi('i('nt ill 1'('sisl:III('(' (.osh(,ul'. J'ul't,llermoJ'(\ 
efl'l'('(i n'll('ss IIncl!'!' [uilg-i (lIdin:i1 ('ollll)J'('ssioJ) is lacking- b('('u use the 
Sqlllll'P Pllds of (hp two pal'ls of [Il(' joillted lamination enllllot be' 
brough t ill to (,OJ I ~a('( 1'01' till' full thi('kll(,ss. Thcsp conditions ar(' 
illllstrn (pd !r\' fi(;III'P ~~. 

Tl'sts on S{'\'pj'lll sl)('('i('s or wooel (/0,2tJ) 11:1 \'P shown UlaL a. scarfed 
joillt, jf eflrd'lIlly 1)J'ppnl'('(1 und. wp1l glued, Itus str('ng-th in tensioll 01' 

bpJldillg n ppl'OXirlll1 tply as g!'Ptlt as dops the wood itself p!'ovi<lpd the 
[!'llg-tlt of tlw R('UI'l' is u.s m Iwli liS ~ to j [) timps the thiekn<'ss oj' the 
111a(prinl, d('I)(llldillg Oil [h(' killd or wood, 

i!. slopp oj' I in 12 is as IOllg liS S(,('IlIS pl'Hcti('uhlp 1'01' :'(,Hl'f joints nnd 
tpstR 01' the efreeL of longe!' joints w('n' not ('011;;id(']'('<I. 
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Table 10 presents the results of tests on members with 12 lamina
tions each, mn.teheci in pn.irs, 1 of each pair haying all laminations 
con tinl1olls, llnd the other hll,vil1g, at the een ters of the 3 laminations 
next to the eOllyex or tension face, glued scarf joints with slope of 1 in 
12. The join ted In.milllltions were made by preparing scarfs n,t each 
end of a board, which was then cut in the middle and the s(',arf~d ends 
brought together n,nd glued. 

In miLking another series intended to be similar to that just de
scribed. an error resulted in joints being nmdl> in the laminae of both 
members of It pail'. Three menlbel's of this series (Nos. 163, 186, nne! 
189) did not I'ail in tht' joints n.ne! thesr n,ro listed in tn.ble ]0 n.s if ILl! 
lamilln.e were ('ontinnolls, together with the matched members (Nos. 

']\\BLE lO,--Re~/llt,~ ollests on malched pnir.~ of pnrabolic curved members of southern 
yellow pine having 12 IUlllinatiolls-l of each puir with 3 laminations next to 
convex lace scmi-jointed at 1 iu 12 slope: the other with nlllnminalions conlinnoll,s I 

At proportionul limit At lIIuximum mOUlcnt 

.\Iodu
Ius of 

otJSf't nnd serial No. 
of jointed nud pain'd Bend- !It'ud fle ('Ins nend- Bend- Kind of fnilure 
continuous 1ll(,lJll)l1rs~ iJl~· . I~~~]t 	 Iler licity inA inK + 


tion stn~ss com~
stftlS!'. IIH'('ssion :prflssiotl; 

1.000
Lb.,.! LII",· /II.>, Lb•.! Lbs.1 I j

3-foot ot1',N' sq. iu. sf/.iu. Inches '~f/. ifl. .,'/. i'll. ! sq. in. I inches i 
l~a3- 5,.18:; a, ~HO 2, t:!S 1,825 6,175 Ii, 1~25 2. ·12 ; '['ension. No fuilure in 

I
I joints,

'1,~20 5,19.1 1. 7:;5 I, UU·I II .l7~: 7,705' 2.70 'r('n:;ion.t~~l._;' 5,2:15 i 5,n:lO 2.175 1,720 I, .13t> 7t 81;0: :1. 20 Tension in half of 
joiut in first flnd in 
nil of joint in s(lt'ond , iaillinnliun.

:!:II. ~,7SI' . o,H5 ~. L25 1, ,:',8U ~, ~}5~ 7, ·155 I a. 2:1 T(,IISioll.

f')'j-,-' I,2!JO .t,lilii I, !IOO 1,IiSIl I),.nn 5,70S i 2.51 'I'rnsion iu half of 

I joint in thirt! lamina

12:lU__ "__ 
 , tinn.
",70n 5,120 2.0U5 1,581 ii, nS5 O,:l20 , ~. ill i 'f'('llsion.23\1 __ •• :1,71111 :1, HS5 1,:\.10 1, Hl~ a,S!)5 fi,015 I 2, f)}\ : 'l'I'IlSioll in half of 

I . joint inlhirti lamina
tion anti in ali of < 

( joint in second lami .. 
nulion.

·1, SOli 1. iSt,2:lH" " 5,17.:i I,S70 ~,08U. 0, 20U 3. fi2 'I'rnsion. 
a,7·IO I,02.i 1,17;i I,H20 .~,!l7;) i Ii, ,IOU 2.1i~ 'I'lmsion in joint. in 

firsl lamination and 
ill hulf of joillts ill 

2·" ___ _ 

seeorul Hud third 
lamitlutions. Joint 
ill first Inminnlioll 
pnrlir-Ily open b.'fort' 
t,'st.

a, :lOn :{.II;'O 1.4:1(1 1,7011 5, O~O 5, 390 2~42 'I'cnsion. 
:I,IXII a, I::;; I. 125 1,751 7r 1011 7, 1i20 2.tH '1'llllSiol1 in hnlf of 

joint in firsC S(I(.'Ollti, 
nnd t.hird In'll ina
tioJls.

3,11.111 ·I,2HO 1.:1\11.1 1, ifir. 7,000 7.510·:1. on CUlllpressioll --110 fnil
llrtl in j()int~. 

Averll!-{(I f ·1,270 ",5!J5 1.Ii!Jl 1,71i!) f;,:?511 i H,70;; 2.1i2 

A j~i~:lfe(;IIll~~lIllL!~~I,:::fl }L;';:~i -.:~-:;;: 	 ~:;;.-~;:- ~:::;';~~;;:~i ;: ::::-1.• 
pnin'd Tllnks.' ,---,I~'~~:_ ·1, fl70 iI,71O I, 1,1 :._1, IO~, I, 190 I ,j. 02 

All 'iLn-'ugth \'~\lIH'S adjustt~d to l2-pnrC'erlt H10istUfil ('0111,('111.. 
2 \TnlU(l$ for jointed 1Il('rnb(lrs shown in bold·fiu'c"'d l~'p('. 
t Nos. Ina, I~O. anrl I"U hnd ~hJ('d scarf joints sloping- J in 12 In LlIl':~ InlllillntiC)IlS JlPxt to UIl' convex fnce. 

~() faill,rc's (J{'currNI in l.hI'R(\ joints and Lhp:1 lJJ(llllll('r~ un' liHI.l'd IlPn' wit h thu'i(' having- (~OJ11 ill lIons lamina
ilOTlS. 

• VlIihlf('s nCIJllrrcd in till Joinll'd n",milers except No. ~:J:J (:HoilL nll'ocil Hnd :-.10.2·13 (iI,fool olfsei), 

I 

http:l~a3-5,.18
http:IJLTLLWr.LN
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TABLE lO.-Results oj tests on malched pail\~ oj parabolic curved members oj souther II 

yelloll' pine hOI'ing 12 laminoli<JlZs-1 oj each pair ll'iliz .'3 laminations IIfxl 10 
convex/ace scar/-jointed at 1 in 12 slope: the other with all lamiJlation~ cOlllinll<JZls
Continued 

--------~--~--- -
At proJlortiounllimit .\.t IIlUXiJUUIIlllloUll'nt 

--~-. -----_. .\Iodu· 
of jolllt~d nnd pain-.) 

IJlfsN and serial .(\o~ 
--~ 

111~ or 
B~lld· De- I tlla~4 Il,'ml- '1ll'1l<1· B~nd- ! D," Kind of fll1lun· 

("lOt imlOl1S I11rrnlwrs inp:--.:- I i tn~ -. fll'('illV fl('r· ti<'it) in~('om· ,'1)111'- lion:4lr(l51" t!on ~ln':,!'pr{l~sion pn's!"ioll 

i 1.UOII 
I.b". I.bs.: Ib", Lb".· i I.b". 

fl·fool olTsN: :<'I.irl.pL sq. iT!. J1/che~ sq. ill, RI/. ill. I '~(l. in. lucius _____ 
~\, ;)Oll :1, CiO I, :!:15 t,tifO ;), 110 , 5,3HO I I. !IS Progrcs:;jy(, tension. 

:"'0 railun~injnint~.bL._ :1,:3011[24; ______ a,HHO 
3.52;1 . ~tll' ~.IJ:ll 
:t, ~65 1. !.to I,H:!!I 

'. ilK' l-I, ·!H;I :1.10 f'ru(!nlg.~h·l· lNlsion. 
;),21;; .i, .155 1.li~ '['t'thinu fnilII r(' in half 

,,[ joint in fir~t and 
third lnl1linnlion.;;,1~I'1. _ ·1.170 1.(]~1I 1. an.:; 1. U2..-, .'1, 7Ub n,mii 1. j!J Tt'nsion.

2·17 __ . 2,7ftl 2,S!J5 • !l00 1.8S~ a,aH5 5,1;'15 2.01; Pr()gr(1s..~h·l· tension fnil
un' iu joint in first 
Inminntion llIH1 in 
half of joinl in third 
lamination. 

216 ~.;jIKI a, ·15rl 1.170 1,70tl Ii, .110 0, so" a.1X! Pro.l!n.''i$ive ll'llsion.
2W :I, (HO :1,150 1.11:10 I,S.HI 1,9S0 5,205 2.11; l)rog:r{,5..";iw'> {Pllsion rnil

1 UfP in jOint in ..(t(·ond 
IUlIlinnlion pnrlinlly 
OPl\1l hC'fort' 1(>"t.

L.I'_ t l~!t I, ;ll:' 1.:1·111 l.Kj':! fl.32U ~, Ii!~' 2. II TI'U.. jOI1. 

.1 2: 
11 :~. :--I:i !l, !1!t5 1. 105 1.71,) I, !Iln n,I.la 2. on I'rogr('ssivp tl'n~il)n Cnil-

Uf{' in pnrl of joinl 

1~5u. a. U,;(I ·1,1\(1 1.3flll 1,7U:l 
in [hird luminntioll. 

4.7hfl 5,005 I. 71 Tl'llsioll.
liS" ;', ~J50 1,1-111 I.a:?il 1,H:U ;,880 6, t50 2.1:1 J)r()~r('~si\'I' tension in 

hnlf of joint in Ilrst 
huuinnl ion.i1'fl :1.!IIIII 1. (l)o..:f 1. :1211 t. (lal .7UlI n. tJ.1i'i .) .,.) J'rogfl'ssi \'p ll'nsioJI
no fnilurt" in j()itlt~ . 

.1,:1111 .I,51l1) I.Oli5 2,150 5,51iO 5,HOll 1.;;:; J)r()g:rt's~h~l' t{,tlsion in 
Joint' ~n ~p('oltd IUII1
imil ion Hnrl in hn!\'(\s 
of joints in first amIr" third IUJllinlltiOtl-

I~!I ' 4,180 ·1.380 1.1411 1.0,5ft r.,I:lO n.725 2,1:1 Ilrn~n·:.;si\·lt l"I1;;ion
no failtlC[' in joints. 

..\v('ragr_ ._~ ... ____ : :I,;;SIl 
a, "U.!) 

:I, 7,15 
~ 

1.15(; 1,S:l2 
4.0:-;[i 1. ~ar. l.SI'; 

;'i,:W:i .i,a.HI 1.!11 
n.21(' n, .'iall ;l a\1 

._-
-~----

~\ \~"ruj:tt" of la iii II!:!, 1 :l,S!!!!joint{ld nH'lllllf'r~nnd ;',7.';J 1.111 1,~5!1 5, :'2;' :i,ati,; 1.!I:1 
pnirpd mat(l~.t I a, O~;i t. l75 1.2h:! LSI I ;j. !lao n.2Il,p, 2. ~2 

1 ~()S. ltia, 11')(i, aUtI L~O had ~ILl(ld l'{'urf j(}illl~ stopillg- I in I!! ill tilt.' :-1 lall1illtlliol1:- next to till' {'un\'Cx 
fnce. Xo fuilurc:;\ o(>('Uf('d in tile,{' joint", and th(1 a IIwlI1hf'rs are Ii~tl'd JWrt' with thn~e ha\?ingrnlltiIllJ01JS
lumiuatioll!--. 

'Fnilure-occllred ill ull jointed members excepI ;-';0. ~:I;j (:I-fool. Olfsel) ",,,I ;-';0.21:1 'fl-fool ulf,prJ. 

1G4, 185, and HlO) which did filii in the joints. A\'PI'n.ge results of 
tests on mcmbpl'S \\'ith scarf joints (slopp 1 in 12) ILt thl' ('('nter of t1H' 
length of three laminiLe IH'xt to til(' ('olwex [a('«' hun' been n.PIHmdpd to 
tables 2, :3, i1nd 4. Table 11 pl'pscnts t.he rpsltlts or t(lst::-. on a few 111l'Ill

bel'S that includp In.miIlHP join t,cd tiS dpscril)('d tlIPI'pin. In (,Hdl 

instn.llcP, til(' rnembcI' with 011(' 01' 1l10l'P jointpd Illminll,t:iOlls is cOIllDlIred 
to a mn.tched member with nil lamination::; eontinuous. 

http:A\'PI'n.ge


! - _ .. 

= 

., ", ~;~~~ ,-I
,.. _ .i,; ,. 

~·;f6.... ~-
I , 

, 
Jk~ 

"
-; 

;::

-::: J,_~f 
-;::. 

--

~ -. - .:;- 
- . -- .

" 

-- £: ..:: - g 

.' 

'-

:: 
:: 

" 
~;:;"' r r . = 7 f-. ~ S ~ 

-; '; :; '':;' ", '-+'r ~ "- r - ~~ 



31 

,. 

:> 

.. 


.~ 

TIll-: (iLl'EIl L.\:\lIX.\Tbll ,,'(HlllI';X .\[{CH 

The dntn pJ'e::;mtC'rl in tnhle 1] a/'p 'ioIl1C'wlwt C'l'l'ntir and fUJ'the/'
mo]'!' do !lot ('()\('J' nil. tll(' jlossihlc' ('olllbillnliOlb of typr of joint nlld 
it!" ]lo::;itioll ill tIl(' II I I'lllhe/'. Jt i~ Iwl.iC'yC'(1, !tm\'('\,C'I', ihnt the'.\·, to
.gt'tiJ(']' \\'ilh ],psl!lt!" of pI'pyious U'st::;, jll::;tify tll(, pOllelusioll thnt the us!' 
,d' glued seHrf ,i()iJlt~ sloping april"'" tIl<' Illi('kIlP"'~ oj' n lnmillH ill 1I0t h'::;,., 
(hun 12 timp,.; il,.; tldekllC's>- nlld I'pl\sollahly We'll ,;('pnm!'pcl ill ndjn('elll 
laminlle, will 1'1''''1111 ill lllPmhpr" Wlt!hl' ..:IJ·Pllgth, fl:lrtir'lIlnrl)' nt Pl'OPOl'
tiuJ1ullimit, willllot Ill' "i!!JJili('nlltl\'low('J' tlwll thnt of lIl!'ml)('rs with 
:llllnlnillllC' ('olltll)1J{lIl". It is illdi(::rlp(1, hO\\'pY<'l', In' th!' dat:1 of tablc' 
H) 1111(1 hy ('ornpnring till' y:llups nplH'lld!'d to tubl(:" :2, :~, alld 4- with 
fhl' 01 It1'1' y:rltH'''; ill lllP ";ll11W tllblp ... tlwt "twh joilll--:lt til(' S:lIaC' point 
ill tlw IC'IJ!.!tll of ";lI(','p"...iyp ]nlnin:l!' :IJ'[' IIIHl£'"il'tlhll'. 

"·\STlm" HW\II,OCK 

T:rh]1' 1:2 li,.;t ... titP 1'(''';lIlt" of t·(',.;t ... till I.) "IIl'Ypd IlIPmlH'I'''; IlIndp frolll 
(,1Ist(,I'1\ \1C'1ll1cwk j T~II!11/ II( Ii FUp/l!d/a I. Th!' llllltf'l'i:d IN'd \I as Ii-ill<'it 
board,; witlt kllot...; \'ll!'yillg" ill ..:i7.(, fmlll I, !o ·J14 ilH'hC',;. Oull'!' Inmi
IlHtiolls wC'('C' "'llllir'iPllth· 'kllCltty (Iwt 11'-'/1{' of {itc' lIl(,IlJlw!'::; ('nn be 
('Ia",.;pd n,; gruel!' 1 ('()II"ti·l1<'tioll.' ;:->P(I p. Il:~ for clC'fillitiom;.) In fact, 
ollly thl·('{'. til\' pig-hlh. llill(lt. :llId t(,l1tlt ill thC' list, C':1I1 1)(' ('lass(·d n~ 
~l':I'd!' JI ('o:I"II'IIC"tioll. ,'!'IIC' III,.;j Oil!' i ... !!I'mlt' [I ('''('ppt for m-C'I'..:jzC'd 
klint..: ill ('pllfrnl lalltilwtiol\.... 1 .\Jl ntltPl·... llll\p kllot,.; too llll'gp Ol' 
('I',,,,,, !!l':Iill of too "';((,I'p a ..;Io]>!' ICI 1)(''';0 I·:dpd. ' 

T\BI.1<. 12. /t'.'i.!dl., fI~ I 1I,j-!j,·'t.-<' ! .....;/:- I}lt IItlll'i,jOfd rll!r(,/ filf'JltI){r~... o/lu;.;h·rn 
r, ",1url,. '" t~' urI, hun 1/1'11 (lJlt:. ' 

PIIJf Il1fti l "1a! ... tn· .... 'jl !lJl\UIHlIll 
!:!;"t !fj,,'lwnt 

'~l.,duitJ," 
I"m4.n;ltlf't~ LU:::fIPr t Jt! .. pf H"ll'l:u~ of H"ll<lUl~ ~ 

!'Iltuil!"fh . ..b~fH·!f~. ('oIlll'rf"'~ 

Hf'lIJilIl;" "'iii!' J\P1ulwl-' ,ion 
;"Ir ~lil': l",rall,,! 
, ~, :Ir:~lt~ to 1!ruin 

hHl''''l1td~ 
/'.,I'lHl- ;#1' jJItUlt.!.'i !HT ,.t ~ ''';'/ltrf /JtJIII,d" /u r POIl'fUI,1t IU( 

'1'- '/"/ "1'i'P' 1("/. ,n<'/, 'lIIJl'jrl Jil,'" Willi'" illrh 
.:. ;"" ,;, 'I~" --- l..!ill I"lfl;; 

.. 
" ,i,!O ,~ t;I,; :,.!Id' ':,,'":111 i.lli7 

~1" 2....~1 i,,'-I:!II i. :!Hfn'" 
:2';lt ... III'" i.:',11 1,.7:20 •• 1"0;-..,1 .',7:.!O ~ . 21H, "" ~ Itl I,. !!,"\2 

.:. ; il: ;.01 .. ".~ l 1.,''''\.(1 1.112:1 
" ~"K' ;.,p,'1,; :, :!-HI ·"l1lJtJ ~" I'" 
~. :hlt " :::!i. .. n; ;, :r"'l1 7.fi5:! 
l,·'llt , ti:~; II" ';, ~.,ill I•. ',~I!! 
':-""'" 1111 :.::.!"'h l.,t!.h 4. 1~ll 
:. i',II. ~, :!Iq I . :!:~~ i. 0';0 1. 17a 

I, .t. .!'to 1. 'll" ·L ~I:'~I-. ~" ~ I. 'II', In : 'JI' i",.,' '-" '~I.iO ;" f)~:, 
II';".~,:i ,lIlt :!~ I ! ;.,·:!h :i, ';'1:;

" ., , nil LI~!I'I 1.,r, ... 1;711 ,t.~~l; 

Tlw !lllllll)(,1' oj' tp... l ... j" ,d" i(JII'" ilbltflif'jPIII to p,.;lnlJlislt I'pliabll' 
ll\'('I'llg'P" Oil \\'hic·it to IHI";!' I\,()l'kifl!!' -;tl'(,";" YUltH';; l'cll' 1'1)";(1'1'11 11('IHI(H'k 
ill IHntilllll(,d II 1'('1 Il'''. Ilo\\'(,\'PI',ifl \,ipl\' of 11)(· \'ulll!'s obtnillNI ill 
th!'s(' 1(',.;1,.; lind till' Iwllllyi!)/' of tiJp lllPlhIH'I·... ((I,.;(('d, tiJl' working str<,,;,, 
n"I1('''; fIll' (lU"I(1I'11 11{llltiCH''' 1I"; oht:lillPd hI' (ill' PI'()('Pellll'(' In!!'!' out
lill!'(l HI'P ('(JlI,.;idC'/·pd appmprink. Tll('s(' workillg st rl'SS('s would, 
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witlt g-ruel!:' 1 ('olJ,.;trudioll n~ lntrr' drfillrd (p, (j:~), YHr,Y l'r'oTll I,n!) to 
I ,370 pOlllld~ per "<Junr'r inch for nli'rnh!:'r'~ of tht' ('ur"ntllres Hlld lllllll
ber~ of In.lllillntiollS jistNI in tnblr 12, 

l)OUGLAS t'rR 

Tnhlrsl8. 14, :111<1 1.'5 "ho\\, tIl(' di"tTihutioll of "tr't'Il~nl vnitH's ilS 

rOllnd l'1'O1l1 n ;';PI'i('" or plld-tltr'lI"t t('st~ Oil :11'1'11('" hllilt oj' DOIlg-lns fir' 
board", 

TUlI,'" 1:~ /)i"'rilildillll of II(/{'.Iil'f/ "/1(,< ('Ol/l/ll'/N.<io/l ," f '/",,· ,,1 JlI'CIIU/f"iolut/ Hillif 
(1.'1 fOl/nd;/I (u'/-lIl'lisi ".<I~ ",' {"/"ol",/i,' ,'II/'l'td IIlImlu1\" IIf /h/ll(lloN ,IiI', tlt'("l/'rlillf! 
I" 	 '[lNI't Itt IIf tI'It'"in }/(/II/ "'''/ 

('Ia:--'" lil',jb for "t1wbilW': ... If""'''' t;, pt'r :Vj. lu'r Tally. T"ll~·. 
JlolJfld~ tll'f "'ql1art· lTwh "l'llt !'I'r,1 :~·rl!(Jt Ii·rllul 

ojf"t'l HIT"'I'I 

S.rlft \!, ....,,11/,' \1' .";,r"I, \r' "'"11 \u \ Itlllf'l I'" \lIl11fur 
'j,tHIO ,'I. l!I!1 :ill;!,I,'I' 	 I 
·{,~l()()·:i.3ml 

IVI 1 

'i. IOu :~.:I!I~I 


:i,l"iOO ;{.7!I~f 
t""UH l.:{H!1 

tll'MI ·1~1~1\' 

1.:20H ·tja~I!1 1 t:! 

L'I'KI t.:i~I~1 

.f.'~OH 1.7m, .! ........ ':1

l....,lIH U1\)\J 


:,,01,.). ,j.l!I~1 


i,:'){"\(1- ."'r:m~1 
 " 
:;~ ·UIH .i••-,H!I .!,~ "illl, 

.).I~O(l .i.7~IH <"
11' 
i ....I)(1 ;;.!I~I~' .?llIr 
1;~'}OtJ. -II. !!I~I 
fj.:!OU "'~.;im, .: ..." 
1i,·IOIJ.. fj••'lHH 
f;~fiOI~ Ij.;n~j ':"" 

Talh rill!: h"r .. 

\ff'u:il'·r...:\\.fin""'o(Tl:lJ!J!It!,lIIT"\lfl HI ilillll"~ t,\trt ·,.!,,,:llllI,,t"1 ·lH ..Tfllr, \\1[1 .·~"ut .tl·('f \li'. dIll'''' 

udjllsl{'d Co l:!-}lf>rr'!'nf flioj-.;tllrt l'ontpUT, 


'1',\1,£..1": ]-.1. l)ist,.i1Hllivt~ of lu nt/in(l pIli,.. rlltll/-,nSt'lI(J/l ~/"f ...", Ilf 1IIf1.Ti-,lllilJi llIul/tl .'.' lI:O


/OUlttl ill. (IIti ... lllru.',:! II.-':'!S of p"",dJII{;r ('~; l'n ti )11111111£'1'."1 0/ !Jull!lla... /1'. Ilr':('II"r/;lI[1 fo 

pf'rrl'uf (~I' ,J, (,(('fir, JII'I/t.I'ifll) 


(·la...... lht,U" ror l'u"-IIlW'll .. trl' .... ~ ::'", III r :),)1 ill'f 'I 'lit), 'j all\ 
1'0011U-l ... Ij"r ·qH:tn ,,·,,11 ,'j,):! I'I,t;1 	 'i-'oot ',"furl! 


..If..d '.IT,/'! 


,....'.r"l \' " , 'I' \., ,.....Irm: \" Sfffll/ \u \IINlfur \1I".rlff,1.,.10, 1,7\l!1 '''I'''1.~110 ;),099 II; j, ~litj, !';,;
r" 100 7i.aH~1 ?,;,\ 
;;••!U{)- ;i,ijH!' !;"," 
,~1.7(J1J-:I.uml 	 !:,.' ~i •
fi,nOn-II,:lU!1 
G.30<1··H.[,!I!J :.!~ I:!. )'1,' ?iH 
r"IiO().~ft,~\I!t ~~lIi••Utl ..:.!"' .....
n,noo-;, Hltl h\ ~. ) ... :- '.'1 ~ 
;.!!O{)· 7.-1!IU ;!(II ,~tI:! ~/;..J 

i,500 7,7{m ''\.; 'f/:"" 
7,~(Klk.n!l!l 	 210,,1: J,'J':' 

I:!'l. :'!!JU.',lIXI".:l!Ill 	 ll~ 

.' 

?,\~I 


,.,100 ',IlUII 
l.I.iOO 'K.U1I!I 	 1,1f; 
II,UUO U.~}H 


t:mo U.;;!lU 1,1' 1k:.! 


Tillh tlttlulll'r 'l.,! ;;, ; 1.,1,' ft.!' (;\ ~I • 
.\It'Uliwr:- \\}IHS( ""flal ntllJlhllP" an' iJl1t!11H·... ;'\I'n-1Hool ul1:-.t·l. nil olllt'f:-' \\t'rt':i hUll l,tIwl All \uhlf'S 

Ilfijust('d lo f2-ll('rt'(~n1 mobtUrt, {'unlpnl. 
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TABLE 1.5,-· Distrilllil'ion oj 1110(/11111,8 pf ('Zastic-il]! as found in (,lId-lhl'1/st lest,~ of 
parabolic curl'('d lIH'III/J('I'S of Douglo,~ .IiI', (lccording /0 percent 4 drfcc{il'c 'IIloic/"ial J 

Tilll~',Class limits for c(,mbined slress In pen'enl i 25 per- I " I' Tally,: :1 J TH'r- :,. ,1<1 prrrrll t I :1-foOI(pounds per sqmm' im'h ('on I r.-root 
('PilI "lrs!'t olr~N 

;..,'{rilI/.Yo, Slr;ul S(I .";1 riui St}. ,'triui .\0, .Yumlur : ,\"11 ",b, r 
I,.H)(~-I,<I'I!' 1~1 I1,.1501,.JIl!i ~S~ -til....', f7,;. t8f1 al,5IX1·I,;,IU ___ :.9.i.;ifU~ 2
l,5[~1 1.;)~1!J 142 :iO.t. ;/l':
1,nOH·1,r.,!\j :?u·l.!!n. ill:: <!F;(), £711 
i.H.3H· 1,flnn t;"
1,7(~1 },7.JII ;{(Jfi: 
1.7[}(l- t .7Htt '!.';.~.'I! :!~I:!. ! ,.1 '!H~. 17:::, ;!';t: Ii 
l,~W-1."·UI 2,:1. ::!Htl :~ll:? : *.:. 1.'17 2 
1.~r)(1 ·l,SUU 1·1" 
!.!JUO Lllt!1 2'-1'· 
l.!"~l 1.0m, ! .... ,~. !~!, 
:!.OOO :.!,IJ.t!1 1-17 I·l·t :!Hfi !If! 3 
:!.II."iO :!.(~IU :1"'1. !87 I 
~,Im ~,1-1!' 

" 
Tall; I1Ulllhc'r " ,I,t,' ........ O.lfl l.i :!.i 


: ,\1 ,'!ulH'r..;, who~p "'l'rhll uumill'r" art- lfl 1I:1l1c':, \\ I'rl' li-fuIII IIlr~t'l. al1l1UlI'r!-o \\ ('1'1' a-IO(JI Ilm,PL :\11 \'nlw'~ 
'ldjll ~fI'd ttl I:HlPr;"'nt Itlfli ... tuft, ('olllt'nt 

'I'll(' ;.;luc'" u;.;('11 ill lhp J)oll!!II1S fil' 1l1l'1l1hl'l';'; l1:1d bl'C'1l kill1 cil'il'd to n 
c'omplu,tltin'ly low lIloi;';llll'l' (:oll(PIlI :lJlci wl1PI1 the' tpsts W('I'P .11lllcip th(' 
tl\'l'ra~p llloist lIl'!' ('OllU'llt W:I;'; I () 1)(,1'('('l1t, Thp tl\'pra~p lIloistul'l' 
(,Olltpnt' \\'h(,11 til(' bonnls WpI'(' ht'1l1 to slllll}l' wn;.; pl'Ohnhly H pl'1'('(lllt 
01' I('ss, 13N'III.1S(, of this low ll111isll1l'(' ('OlltPll1. ",bieh I'PllciPI'Pci tllp 
lllutpl'ini mol't' subj(,(,t to bl'('nkng-p, ';OlllP pip('p;.; splilll('J'pd sli~htly 
11'1]('11 1>pllt t() "llllPp, pnl'tic'ltinl'ly wll('Jl I)('llt [0 til(' Ii-foot ()fl'~wt. This. 
to!!PUll'l' with [hp hi!!11(11' ;.;tl'p;,;,; illdu('pd ill I'Plltiill!! 1111' dl'iPI' llwtpl'iul. 
('u'lI,wd SOlIl(' or thl" Illt'mlH'I''; to fnil (l1'l'III:lflll'l{\' Wllpll f·('stPlI. III 
['olllpilillg- tuhll's I:~ (0 Li, ntlllP'; [llllt n(lppun'c\ loll(' !cmpJ'(ld h,\' (·I1('s(' 
C'I1U,,(''': \\"PJ'(' Olllittl'd, TIll' 1'l'lll:lillill~ ntill('s 111'1' (ll'llhubly ufl'p(,t!'d 
"illliltll'h' hut to n lpssPI' d(,!!I'pp, '1'111' tllhll\nll'd nilll(,;'; ill [ul>l('s I:) 
to I;'j htl\'!' nil b('('11 ;ltijdst('('1 III u Iw,.:i;.; or 1:.!-pl'l'('pJlf IIlOi;.;tlll'(' ('olli-t'llf 
,;0 tlUlt ciifl'PI'pIl('ps ill "'[l'('ll!!th dill' fo difrf'I'C'IlI'C's ill IlHli~IIII'(' ('(lllt·('llt 
Itt tilllp or ((';.;( do lIot nlJ'C'(,i ('(J1l1flHI'isllIIS, 

l{(·;.;uit;.; or (';.;fs Oil J)ollglus IiI' Hild SOIIIIH'1'1l \'('lIm\ pill(' 1lH'lIlb!'I';'; 
HI'(' ('ompnl'('d ill tublC' 1n, ' , 

('()ll~id('riJ]g- till' (,X 1ll'l'i('1 1('(' ill Illukillg: lip ;11111 ('sfillg' II]('lllh('l'~ or 
UOll~Ja;.; fir us 1'C']nt('d nbO\'C'. fog-dlll'l' with IiII' ('OIllP;ll'i;';OIlS sllowll iJl 
fullle lfi Ullci otli!,1' ('XIWl'iPIH'p witll ulld illrlll'llln[ioll Oil tliis spC'('ips 
llllci Otl SOli (Iwl'll ,\-{'I.\O\\' piliC', i( npl)('nl'S ll('!'('ptuhll' to IIS(, fol' Inminu[('d 
(rlll('d JllPIllIH'I':" or I )()II!!lu~ fil' thl' ;';;111](' \\'orkill!! ;.;tl'PS;';(,;'; a;.; 1'01' soutiIel'll 
yellO\\' pilH', pl'Oyi<ipd'slich lIl('llli)('l's UI'(' wailC' lip r!'Olll sto('k with a 
Illoi;.;tur'(' (,.()J1t<'llt llppl'Opl'intt' to tlw ('Un'Htlll'P;'; to wlii('h lumirllltiollR 
mllst be bent. 

EXI)(,l'i('n('p w.ith thr I('sts of' DOIlg-Jus fir poillts dplillil,ely to the 
illu(kiRubilit), of nttC'lIl(lfillg: to bllild tip IUIIlill:ltc'd 11 I l'1llhl'I'S r!'0111 ;.;toe'k 
dl'ieci to n loll' IllOistlll'(' C'Ollt!'l1[ 1I1l1ps,; tilt, C'III'\'Uttll'P is \'('1',\' rnutierat,(, 
(p, HOi. 
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34 '1'.1':('11).'1('.\1. Ill·LI.I·:TI).' 1i!ll. I', :-;. [IEI·T. llF\(:HI(TI.T{'UI': 

T.'HL~; IIi, ('lJIllpari.wlIl of /'(,<lIlls (Ii' (lld-Iltnl:<' {(,<I" III/ ('(/1'1', d 1I/('/f/iJI'I"., ,~t SOl/II/( 1'/1 

yrl{O/l' /Iillf IlIUI lhifl(/ill •• ,fir I 

~()utll(lru ypllo\\" 
pirw i>olll!hl8 lir 

111'rn 

:!..(oot n..rnot :Hunt Ii-(oot"Ir,,·, om·'.,! IltTspt ot\:'-;('t 

~tn'!":-' ,b('udil1J,! t ('IlUlprp~l.\llll1 at propflrtimwl lImn 
Tt':->t::- llllllllit'r :)4 :ri til 1;,
\ \ ('ra!!!' \':~hH·. j poulld~ JlI'!" "ltllllfP hwll ;'.~fl(l 1.:1I11! .-1~1)7U ·I,hl':-'tnnrlard rll" ht inn. (! rill ~71i .:JI HOH 711 

,i -. ;,,,. a.2111 ~,nml 1. Utili 2, ;jail
:!.fi211 :!.ltill '2~ :3;)(1 ~.01i" 

i ~ :';,;t!fff1' 

,\I'iH n1llm h·~t vahlP potltltl-.; 1H1f "quart· lIwh a. "j·\11 :1,1121' :1.112(1 :~. 2011C'IIPfli('h'nt or '.ariaflllll fT : 'f Jlt'rf~'llt 11•. 7 tfi. 17. II~ 17.11:-\trt·~~ : IH'l1dinc- .. 1.11111l1n·...~;,)n at ut:l\iIIiHIll Ulotu"1l1 
T('st~ tlUluhl'f 1.; :11 1,1
\ \ !'ntJ,!l' vuillt'. i pound!-- Jlpr ....qwin' 1tH+ II.V)(I 

~l 
7 •• "';)(1 7. ~:~(t fl, fHi~ I~t.Uldard d('vinllnn. tT til' i. :':-..;, 1,1\1·1 U~..... I. I.:;r ~ ~:t!fi(T I, ,,0,i,7li{l :i. :;;~~ I :1,>':11'? ;~o I. iOO :{. HiO .1. ,711 :1.04,\1 inhnttlll tl':U \ alw· pound" pl'r squnrp ilH'h .... :Wil :;.(1(111 ."I.~luC -Ilpllil'il'nt of \ 'Irint ion (f ..;.. i l"HI> 

l)i'n't'IIt 1<: l!i , 
:\IH Julu..:: fir l'iHStiC'i/y: " 12.1 L7. ~I 

TpSI llllUlllt'r ,H Xi I:, .,"
\n1r'j!!(' \;lhlt,. i 1,1100 pnUJHI~ Pt'!' ~qt1aff- indi i.Hit I, '17 1.'12 I. ,2;,"'::tnnll'tr,I dp\ ialj(ln.a. .til Ii·' 11\. I""! HI.? ~ .;:!f.d J. !",;:; i. ·17(1 1.:1\<1 I,-,"-,j ',¥, 1.1:17 t,:!j'1< 1.2ml 1.111\1.Itl'lJllUl h'st \nltl!' LIIOO J)nund~ pt'r ....qUnn· hwfl 1. :-l'! 1.11.. 1.·1:..... 1.·la7('"dJidl'nf qr Yanlfi''".T :- C1 pi'rr'('nl 'I \j ... ':! 10. II 11 :, 

TESTS OF BI'ILI)/!'\(; AIt(,HI~S 

Hoof "lIppol't" ill Ihp "pl'\'i('p hllilrlill!.!. tI( (Ill' FOI'P,.;t Prodllct;; Lnh
Ol'n(OIT dig, \1 ill('llIdpd till'pp-\tillg('d !.!:Iu!'d 1:II11ill:ltpd nn'ilp" of l\UI 

t~'IJ('''', dp,.;i~lIntpd (. :llId I), :I'" dp";Pl'il)('d Oil P:I!!(' Ii.. , III nciditiull to 
tho,.;p ]'('qllil'('d foJ' tlt(· hllildill!!. two 11:I1f' nl'dlP;'; of' PHeh of till'Sf' t)'IJP" 
WI:'I'I:' 1l1:l<1r- Tllp,.;!' \\"I'I'(' «,..;Ipd IIIHI!'I' Plld (1t1'1I";!. 

TI~STS OF 111'11.111",; ,IIWIII';8 'I'rl'l'; 11 

Thp hnil' :ll'('Ij('" (If till' I) t\I)(' tlw( \\('1'(' I(,,,(pd 111'1' r1p,.;ig'll:1tl'd I) I 
tlild f)~. 

Figlll'(, ~:L whi('it ..dum..; it:df-nrl'!t I) 1 ill po"itioll ill til(' 1(';.;(ill!! 
1ll:lC'ilillP, illll";( nlt('..; tit!' 111'1'11111-£1'111('111 of (1)(' ('o..;ts, Til!' ('lids of both 
IlfIlf tlrl'iIPo..; \\('I'P ('lit "<I"tll'(' "itlt til(' ('1t()J'd joillillg til(' ('PUiNS of til!'il' 
PIllI". E:lC'h hulJ' lIl'('1t W:I"; Illtll'kpd with ;;tntiOIlO' SPll('P<I .I foot lIPtll't 
:tlong tili" ('hord ullcl dp;;ig'lIl1lpd ltipllHlw(iC'lIlly, .1 Iwillg' at tllf' IO\\'PI' 
pnri. 

[n Itnlf-:tl'('b D I, \\'1I.i('1I \\lh t(',.;(p<l ill titp flllll!'llgth. the' pl'illc'ipul 
fuiltll'p O(,(,IIITpci ill tllp ;;t I':ligilt "Plll'l' portioJl. Bpfol'P t('sting J) ~. 
nholl! 11 fp('( of il" IIPP('!' (,lid \\no..; ('III oIl' ill onlpl' (0 C'lt!'oul'ngp fllil
111'1' ill Ihp \'j('jllit~, of till' kl1(,(' :llId Ihll"; gpt 1I mPtI"lIl'C' of tit£' S(I'('llgtit 
of tit£' Jl\O;;t ;;('\"('I'PI\' ('I1I'\'pd portioll, 

fioriwlltul dp[iP('{ioll \\ n,.; Jlll'lIo..;lIl'l'd :It (11J'{'p ..;tn(iOIlS In' I'PlIciill,!! 
;;('nlp" nttnPiH'd to til(' nl'('11 IIgnill";! iillp ",il'('" fixpd ill a Y£'l'ti(':tI posi
lioll (iig. ~:~). Fig111'(1 ~'I ..:IJ(I\\"; ri,'!, plli!'!- of "IH'('jul IInils U:'l nlTtlll~pci 
:1('l'OSS Imlf-tllTII I)~. \'nilo..; of (,11(,11 piliI' \\('1'(' ;;p:l<'pd to n gngp 1£'llgth 
or ~ illcl\('s I1l1d <'llnll~(,"; ill thi,.; gng!' 1('Jlg-tll W("I'(' Jll('n"II I'('dIn !lll'IIJ1" 

or It "trnill !!:\l!(' I'puciillg 10 rJ.IHHII illl'li. Sintil:!r Slnlill 1'('urliIJlrS llludC' 
Oil f). 1 !In;\'(:d 11111'('lillhll' IH'('lIlh!' tl\(, IInil" wi!l, ,.,Iplldpl' s!(.Ill:'l,....:lS IIS!'<I 
Wt'l'(' iIlS(,(,IIJ'(', \'nils l1s('d ill J) ~ hud l:ngl'1' ..;jPIIIS, 

•

~ 

.. 



THE GLn·:n L.DIfX.\TIW \\'()(lJ;EX .\HL'1l 

StatiollS at wIDeh horizon tal deflections wpre rpnd were: 
For half-arcll D-l (fig. 2:3): 

1'.:-- in the straight lower portion tllld 4 fept ubon\ tIlP lower end. 
J- in the CUl'wcl portion find at the poillt where thp ax}" i" 

furthest from the line of npplicutioll of tllp l(lnd, S -[('et 
nbclYe the ]O"'PI' end. 

P-in the stl'uight UPPPl' portiol1 anel Li fN\l nhoY(\ til(' lowpr
end, 

FIGCUE 23.-JJnlf-tm·l! 1) J ill po-itioll ill 1ll1l('hi1H' with .~l'al('- fur reading hori
zolltal d('II('C'lj(jlJ"o attll('lJ('" ut .-iatiOll- H, I. alld p, 



36 TECJ:[);,IC.I.L m-LLETl);, 6fll, t-. ~. DEPT. OF .\GHIlTL'lTHI': 

For half-arch D-2: 
F-ill the straight portion aud 5 fe('t aboye the lower end. 

Il-+-I~--in the ('ulTed portion and at the point where the axi" is 
furthest from the line of applientioll of th(' lond. 'il~ feet 
n ho\'e. the 10\\,('[' (,lld. 

f{-in the strnif!ht upp('r portion and 10 f('('t (11)0\,(, ]o\\,('r ('n<l. 

..; 

, 

• 
&1 

• 
• 	 .• r': ..,. 

• .i. _• 

Fwnn; 2,1. -. ArmllgclII(,lIt of puir' of 'p!'l'ial lIaiis 11,;('<1 in rpadillg longitlldinal 
;-truill,., at ~t:lti()n II-.,.I~ of IHdf-arell j)~. Xail prLir,; or gage lengths arc 
nllm!)('rrd 2 to (j frolll til(' ('OIlY('X 10 tJll' (,Olll'ILI'(, fa,'(' of tJll' 11l!'IIl\)el'. Xo. j 
was au (')(aet ~-ill('h gag!' J"llgth Oil a ,.,(('('[ bar fixl'ci ill the IJlo('k b('J 0 II' till' 
"pr('inl lIail., allil lIlt" IbPd to (,11('(," (II!' /.('ro )'l'iHlillg of til(' ,train gage'. 

Tab1!'s ] '/ ;llHI 1\1 j'('('ord r('ndillg;; OIJ url'itps J) I alld D ~. l'('sP('('
lindy. tog('UH'r with brid nott·s ci('s('ribing tit(' ('1t;ll'u('iiN alld ~'i('qU('Il(,(, 
of fnilur('s. TubJ<os]H lIlld ~o list. J'('sults of (,psls 011 small ;';j)N'inH'lls 
CII t hOlll parts tllll t W(,1'(\ lllliJlj Ul'('d ill nIP test or the lll('J1lbel' us u wholp. 



'I'll F (;I.l'Fll 1..\:\11 :\.\'1'1';11 \\'()(lIl!;::-: .\Hell' 

T.\J1LI': 17. H'ron/ 11/1,·../ Ol( ""U-arrl, /) J I 

jJorizontal .lpl1(I('lion fN\clhuh at 
station-.....Loud ~hnrtpnhw 

illOtllhls I uf phonl ~ 

F l' 

lJldH ... Judo'" /fll'J,t!oo J"dH' 

" tlfi. 
f n 0- tI.tl'; " II 1.1~1(1" 1:1 .' 211 :l:. 

:!.OIlO .1' :!I. .:1(1 17 
'I. n(lll .:!t :-\1 I~ .II~ 
LIIII(1 • :!~~ I: l:! ., . 
.\IUH· • :11 ..·.1 fH . ",~, 
II.tlllfl r~:: 7\ 1114.·Ii' 
7.0011 .r· .,' ~I, 1.11,., '.It(I!1 · ~lP ~ 1/ 1.:,1'" H.tltlP • "'il. "I t. II; L f:~ 

III tlOI' .liJ ~I~ 1.:!11 1. ;,; 
11.11IItt .,.fir. I 0; :itl 1. fH' 
;:!.'IIlP J \I: \I 1. .... ,-., 
r,;.l)lItl 1. :!" .,. 2.111: 
1I,o!.'I' ....:," I ·i!. Ii:, ~. II 
!:i.flUP I I:, 71, ~. :!~, 
IIi,HOlI · ·" ~Il :,1 " II 
1,;", nOli .1I!1 1 I;;{ 1.-1"" " " 
1'-.,0011 LI)1 :!, 11 ~L -., ., 

Ii'l!I,I)(l11 I I ....:! :!.:!I, '. ~II !, 


:.m, HOh 1.1" 1 !'~ :1 :1I ~ n; 


:!l,llllrl \ ~:! ::_tI2 ., .p, 

22.IItJl· I .!~ - I;, :2. ,~\' I 
 '-'" 
;!:tIKII' L :11 , :!1 2.7:': :! ;d 
:!~. (H){f 1. III 2. :1I 'l,~' 'I. 71 
2.":,l)flO l. I; ., .1;, 2. ~If :1 
:!f~ IIIIH 1.',·1 '1. .")1. :{.II!I 1.11;," ,- :11111 1.lill :!.Ii.... :I.:!I L :!a.,:!... nllt' 1_ Ii; :1 :i7 I .,:,'"~ 
:!~'. HOI! L 71 " !~:: a. ";tl Llia 
:{U.OOII 1 'II :~ III t I\~; I ,:t 
:ILIX10 1. ~,:; :\ \I. :\ ;, IItl 
:t!,HOIl 1.!1\ ;t.:! ... ; H1 :; ~l 
:1:I.'KIII ~ ., II:! :\ .JII t,fll ',. t:.! 
.:1.1\1111 II~' :t ;.~ I :,!II ;1.lj:; 
{P,.HOP ., 11: ·i.liI. I ,~II Ii. ~Il 
.{I:,HO(l ., :!l :t -;., I·~I' Ii. 01; 

'",17.000 :!. :\ \11 I r-.. ti.:{11 
'~ .... IllIfl :!. 'W .1.0, t~l n. ,"',;\ 
:~II, !lOll :2. I' 1.211 1 U:-' Ii, ~: 
Itl.llOU 1, r.., 1.;(, .i. iii I. flit 
11 0011 :l. no;- .1. ;,; ~'. :\;, i.:n 
I:!,IIOII 2.71. I I"~ '.'. ,j:! filJ ., 

I~ .,1:!.';:(fI I 'II'"~ 
1:1. ",:!{I 

t.!, :1IjO ~ .'-,.\ I ..;; .... 7tt 7,;-"1 
(:tllflll :2. ).,~ I !l:; .~}. '\" 7. Hi-. 
.\:l ~~I) :!.l'" ."1.1l7 ,.... :r ·"'.1!1 
la. ~~JII 


1:\.;lp :!, ~I' ;, til li,fllI ,o,.!!;, 

t:{,'\tlO :UIII ,""J:! I; Illl '.:11: 

1:\'Iil,,{1 :\.111 ;,. J:, 1•. 0;, '.:1:; 

II IIIKI :1 III! ;,. :!!! li.l:! ".4:, 

·1.~.1I0It ., Iii 

" 
,III II, :~(f ~ .....(1 


't, ~7 .. 1111 I; .i:.! 
1';.I:nl :1.:12 .~_ 711 Ii. Iii 
tll,lilll :I.:l~ .."1 . ...,11 Ii ,.'
17.111111 1 -If ~}( I I, ,;, 

'-'. ~I:!I j 

" 

17.1111 \ ,HI I; III' tj. ~I;I 

I';', ,:W 
17. t;~Il' :i, :,:", Ii III 7 0,", 
1';., ~I';"f. .1 liO ti.11l 7.11, 
·'''.lUilt '\ fi1 Ij,:.!l 7, :.!~ 
1OZ. 1-'-.1: , li:{ I; :!,~ 7.21 
17. "'HI 70 .: ·111 :~n 
IS. 11111 : -, I, 17 n 

1 Ll'llcth 111'1\\1'1"11 t'ud'" ,2"':! 1 k4·j. \ \ I'fat!f' \\ flUh 111..... ' Hu-ill'''' 
nJ.".·lJItjj~flJn· ,ooulJ'u1 111.7 Pl'ff'j'uL 

!:"lIcht t('II~lOn llt'I\\,"'!! I· lFl,t I. 

Tl'n ...iol1 1111 ," 'ft" I I: I.. (/. 
('!'!llI)rt'SSit'Il 1'r... Hofl'l)1 

T. !blurl oil ht'l' I: '" II 
["I n "lin on hi' I ~ I, f 

1'.·u:-.1I1I1 Hlt !,II'I 11 1 '11" s 

JIWI'.'a...,·'} "11m! 'ft·.... ·: 11111 

'I'PII"lol1 otl "unit'!' III .f I 'l'I'luion 011 
[;11"(' 111"11' \ 

TI'n"'lot~ l.ll (1('1' '\, It, I m,l 'I I" \'. 

{ 'OUll 1rl' ....... rol1 l\nuh.h al n. 


\\ I'L;.!hr '",111ft' 11"... 1 Lli"': 11I'llndo:. .\ '\I'r 

• 




:38 'J'l~t'JJXl(,;\L DI'LLETlX Ulil. I', :"" !lEI''/', Ill-' \<ll!/('I'\.'JTIU'; 

T·\BLl'} IR.- /((",'1/11.~ 0/ 11I·1/'1i11(11(,81.~ on 2- by 2- by ,3(}-inch .~/J/C'illl('n,' Clil fro1l1 (lrr" 
J) 1 ,folloll'inq fI.q/ (If Ihl' flrch 

\lOhllll'j- Fihel' sin's, \!odulu:"of :-1()(lulus or {'nutr'nt at PfflJlfIJ'.. fupturl' (llm·itil'Il~·tionulli!l!it 

!.f)(JlJp,JUlld.'f 
jj(Jllmi.'i})I r JJOlllld,~ IJI r fJU ,'UJU""

I', rei lit i(IJIHtTt iuch "I"ar( intli ill~h 
\tlim·(·fj! !h ,'.. r)\1 \ f· w_ '1, "tr:ll).:~ 1 1" r! ,101, h. r•. \\ '! I 10.11 7.7"11 13, ·1:,11 1.7·10 

k'll" IL:! 7. :i;~l 11,2:11J 1,r.HI 
111.1 7, ""l-I.I~ la.hll 1,1\711 <I 
111 7.!I:Jft 1:1. :1211 1,,1111 
~'. \" 'I. tJlo,(J l;i,li(Kl ~. 4~1l 
q.!1 II. ~I~fl r,.1.i(1 '2. [7(1 

lu Iii ..~)(H} 1-1.1'0 2. 2·~;· 
1:2. "1 ..... ·llIt l 12.112(1 2, Jill 
it' q '. tOt' tl.til)(l 2,OkO 
I" , ;~ ....... (1 12.1:!O 1.7W 
! r : ~ ;. ~I:!tl ~I. ·t!O 1,,011 
111. t~ ...., !I:'UI 1;'.1711 2.a:m 

\.f··WIt:t"'1·"'1~1"<!1i·' .,-t1:t1_!·'i;",r,,,' ht't~'111:~"r ~,. 7" tll.II~{I 1:1. :.:~, 2.O!JII 
'm·! kn+' 111. ;, lfl.:ill{l J;i •• )nn 2, :-l2fi 

I:!. 1 7. ~'UI HI.!17" I. ~Oll 
1:~ lJ .... III(! Ja.1I21l 2,lW 
!l.:! 7."'~(1 IIl.H7-U J.7711 
I" " ..... !I:{h I·I.-.IK' 2. J:I" 

~ ,_ !I ".7111 1 l:~. 7_)(\ 2,OO,i 
II ,. 1i,1.;1I II.I!III 1.:ifiO 
" I .. llilt :-...11.... 0 I 1 --'J

'1" 
_ 

".:: ."";. ~17f1 Ifl. :mu 1. H:l.i., I :.t; .....H 11.1'" 2.00;,
<, q 7:. " ....rJ ll. :l!II' 1. "!I,~, 

:.p -, ....... :.{II l:?lifill 
 1, !lfi7 

TUll.1. 1\1. II}' I'O"#! ni ',,,/ oIl. '''''/ 'UTI, l) ! 1 

}lfJf]l..nt.tl · ... fl"P1HIH ~lt ~tr:lj!! ~"l!!t n·;li!n..'" ill ... f:tl:fJ[l II ",1,: on t!tlJ!(' 
~ t ',I }l1fI \t·Ii.tJ:r ''I :,hortP!)'

1.0.111 iUl!llf 
('hord

I II_ '. J( ;,-
Plilllld,~ I',fhl 11td,,\: 11Idlf~ ]r,di I/H'I! lilt'll Im:/t fllr/l [wilt., 

:.!.II~I\ ~ I {, ..... II W, illll, " HOtl.' O.II} ....,.; q IIIlI:.! ".IKl.).! ".III:~, n.1l3 

,f,tMM! I.; 111.~d
l;! !I' Ihllq utll:! 1101·1 .1l1·1,' .411 

1;,IMII1 1'- ,. .1f', nnll'" III :'"1~ Oifl:! 001:) .01·11; 
 • ·1,
",,111M' .:!t ." . ?2 II'KII IJ!-,:, IIJn:.! 11111:1 .014i1 • ;)!j 

HI.Ollf' '2~f .:2 .... !MHI:" 111;\1, 11tH:! 1X111 1114:1 

12,I>C1f1 'll .11 :I~ 11t"1' Ill."'.; nw;; 1I04~ III·I~ .71 

14 Uflit .;il-\ Il' :i; 1I111~t Hl.i; .11"':\ IIIIH .111·111 ."11 


'.- Ii:l ,
11;,IHI(I .11 I.· I~ 'ltlll!i 1I1.~1"" utn:~ Ihlll .11/:1" Stl 

i"'-. nOli J~ I ,-I .j' l/flip ,11l;,!1 .1110:1 .11011 ,1l1:W H;
· 
;!f1.110(l .i;; urq; III.i~1 111111 !III II! ,1I1:!1 1.115'" '22.f.iflh ,hi' .Ii:-t , :"" dOl:! 'Jilin 11111·' IIUIIl . lila:! 1.14 
21.000 tj,", I j~t iii t)(!f:' tlJf~l .HlIli ,I)Oatl .IIJ:lO I.~:l 

2/',HOft ;'n ,.' 70 Olltt 111/1.. .010;, ooaH .nl:!11 I. :12 

:.!',OOII .":f, , -I Hilt l Hili} .11\111 IKI:I, .00'2li 1.4:1

all,uoP .....:! 'M' -. tltI.;! ,11111:-. Ilo:!, .11124 1.:',1
." ." ~ 
:·t!.IlIIO !JI ,Ii'" h,llj oH.:'! UHf', una; 0122"' .... I.fH 
:!I.IIIIII ~ Ij I '#' !I:! 0(11';" HII;:; ,111111. IKI:m ,(I1:!(I I. ,4 

~1f; IIOB LOft J.q, H).. Hf1!:-... II I !.-l Itll1l. 1IIJ:l1i . Ull'" 1.M 

.1'" nOll 1.117 I. I: j ,,- 'Mlltl 011t1 ."1111; .1I1l:!'; . IIII~, I II:! 


!. 4tl IHIII 1.11 1 ;!;\ I I:; ftO:!1I fJl"'~' ,IJlIl, .110:1" .1111:1 ~.1J:l 

,t!.'1I}(J I :!1 \ 'U i :!II nO.!l 1l1hl. , UlO7 !lO:H ,IIJf ! 2.1·1 

j I IIIK1 ! '27 1.;1"'- 2H tlfl:!'2 111111;' IJlfr~ I)O~·t .0110' :!.:1li 


t ,lIf tlUft 1:11 , ,JIt :t.! II! I;,!:~ tHli7' /I Ill, IIm:l ,I11Wi 1. au 

11 .... ,111111 I 1I1I:.!1 ,0)0,,, .IXI:J2 .tJlO2
[ 4,) :;j Ii Ill.:; '.!Jifi 
,*)(J,I)()(I I. :~, , q ,·tll 11021, till;)., 11111 .... . II tn, :! II{I1~I:ll 


t ;,2. nor, 1.1,0 , 71 .j ... 'IO:.!I; HIli'- 1l]IJ.... .1I0:1II .!lIlUa ~.~:l
,• ,"',;I.Uflh I fi"'t. Ii; I.lfL!'-, 1I11ifi .I)O~!,"I 11111' .IKISIJ ~.U" 
Lt,tJj.!1h t.ll't\\'·I·U I'till~ !~ Hi h,1't \:. 1'1 \lg:l,' \\ 1d,11 W.U7 HI('h{·~. 
(~rmlpr,".'·h,u JI II.. . 


; :-:hr:rJJt tl'lkIOl. :It (J .. '.:, 

" ~1ight ff'n..,ifJu '.1t F and inl'n'u~t' :If (j ~-~~. 
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BI'I"nll";!' of III(' ClJl'\ I'd :tlld t:lj)(,l'ill!! rO/"JI). lwitll!'l' hOl'izoll!:!1 dt'
Jlf'diotl 1101' "}lfll'If'lIillg' of dlOnL 11:- 1llt'IlSlIl'('d ill (It!' (,;.;(:; or Iwlf 
UI'('IH'S D lalld 1) ~ Hud listf'd ill t:tb]P" 17 to ~(), <'nIl hi' I'xp!'('('d to ill' 
dirpctly prop0l'tiollal to lond;.; or (0 1)(,tHlillg 1ll01l1l"llt:-., .\:" till' slt'uill 
gngp I'f'ndings Oil 11lI1f'-nl'('1l ()·1 pt'ovl'd lIlln,Hubl!', IlO Ill'f'f'ptnlJl(. 
m<'tilod i:-; !lvuilnblp fOl' IWllting tile jll'!l[Jortiollullilllit ill (his illstnll("p, 
Thl' straill gng(' I'(,tldillg;.; nIl'o!'d II IIIPHn" of l'''tilll:1!illg (hI' propOI'
tional limit of IW]r-Ul'f'h J):2, 111 JigUl'!' ;W, 11l0lllPilts III stntioll 
fl-1:-~~, Ul'r plo(t('d ngnin,;! till' .;tl'lIill I'!'nding's lIludp ]H'ut' (It(' two 
('III'\'('d I':H'(';';. Ft'OlI1 tlli,.. Iiglll'1' tltp litlli! o/, proportioll/dit.\' Iwtw(,PIJ 
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moment and the strain at gage length No.6 (concave side of member) 
has been taken as a compressive strain of 0.0032 inch in the 2-inch 
gage length, corresponding to a moment of 2,325,000 inch-pounds 

< 

M"SI89F 

FIGUHE 25.-General view of failures of half-arch D-l. 

(read from a line through the origin and paralleling the line averaging 
the moment-strain relation) with a corresponding tensile strain of 
0.0014 inch. From these data, the stress at the proportional limit at 
station H +}f, where the curvature of the mem bel' is fl pproximately fl 

maximum. is ('omputed (table 21). 
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nBRrlJl'~ OJ' l'BS'!,S AND CO.\IMEN'!'fl 

:~ Table 21 is a summary of tIle tests on hulf-arches D-l find D-2. 
As shown h~' figure 29, tIl(' upper ('nd of D· 2 hnd h('ell nokhed und 

) 

M25l~7F 

FIc:l'}U; 20,- ('oJllpn'l;l'ioll fuiltl/,('~ Oil find JI('a!' tOIlI'U\'P farp of half-arch J) 1 
Ill't\\,p('n statiom: () UJld.!, The ](JIIg-itudinnl Hplit slll)\\'jng ill this figlll'C and ill 
figu l'C 2ii is Ilot a Rl1l'llr failure /Jut a ('(Jilt illllution of the kllHion failurc that bC'gan 
in tltt lIPPPl' lpg of the half al'ch, The compression failures [U'" showll to a Jargcl'
scale ill figlll'(, 27, 

vertical find horiwntal cuts mude at {'ncll {,lHI to fit the Hl'cll to the 
eud bearings. Similul' fitting WliS done to tIle {'nds of D-1. The 
depths of C1'OSS section nt tile ends ns listed in table 21 ure measure
ments, perpendiculn]' to tll(' c('ntp], }iJlPf; or fixes, tllnt appliNl before 
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the ends were fitted to the bearings. The computed stresses in shear 
and in compression parallel to grain take no account of the modifica
tions of the cross sections at the ends, nor of the holes made at the 
lower ends for the bolt to which the rope r;;hown in figmes 28 and 29 
was attached. These holes may have caused a substantin,l ",Teakening 
in shear although, of the two members tested, only D-2 failed in shem·. 

\'~ 
i .~\ , 

FIGURE 27.-Compression failures on aud neal' concave face of half-arch D-2 llt'ftl' 
station 1J+ JI:!. 

In considering the stresses at maxim lIlll llloment as listed in table 
21, it should be noted that f:lillU'e Ilt the knee or poiut of maximuIll 
eurvu,ture did not OC(,\I1' in either D-J Ot' D-2. Although failure had 
begun at this point in both installees, ('ollsidernbly lligliel' maximum 
moments would probably have been n ttained lwd the full strength 
in the region of the knee been developed. Bellding moments in 
wooden members often increase after initial failure ocrm',;; and ill 
Inf1llY of the other tests of curved members tbe maximum moment 
was considerably greater than the value ,,,hen failure began. Hence, 
stresses at maximum moment as listed in tn,ble 21 are too low to be a 
true measure of the strength n t the point of llllLximum curvature. 



lo... .... 'v .. 

TAllI,E 21.-f)ill/c-IISi01/S al/d COIII]lul<'rl stresses for half-arches 1)-1 and ])-2 
....- ---. ._----_._---

Half'lIrch ])-1, ntstntioll- Tlnlf·nrch D-2, ntslnti(Jll 

Dimen~ion nnd stress 

A B p 1-1+//£ I J( IR+ (tol! 
, and)-----,-_.- -- .-.----.

Widlh of.crtion. .. .. ...................... _. .;nohe5 10. g.\ 10.8·1 10.8·1 10.8-1 
 10.95 10.95 II,OODeplh of section.. .... . •.••...•.••" .....<10 ••• 13. 15 10.07 23. iO 10 is 2-1. 3-1 20. 9-\ 15. IXI itArea ofsertion.___ .. '''' .... , ......do... 142.5 206.8 250. II lSI. II 2HO. 7 229. 5 W5. ° _Seclion mo.lulus. •.. ..... . . ............do __ 
 • __ : 657 1,01.1 .lOS. 5 1,082 800 ,'>])istllnoo from lino of lI('tlon of 10:111 to station hefore 
londin!: .. .• -..... .. .......... __ ,10. o 5fi.50 93.25 65.31.ApPTo:c.:imato radius of t'llr\'11ture ofaxis. _____ .. _________ do__ ~ _ 1i8. 52 57.401 0 ~ 

43 4a ~ __ .. ________ ______ ._._ ~ 

At proportionllllimit nt stalion 11+1;£:
Load. ___ - ..... - ..•. ____________ .... __________ pollnds 
netlection" ____ ~ _, ._~ ____ ~_ ..... ~~ __ ~" ___ inches . a3. 500 -.. ~---- ... ~-~- -.. - .. ~ .. ---. 8.-........ ,_. '--"ll";:;~~~i}~~- n.!lI} n.on 0
l\fomcnt. . . ,,,._". ____ ~_" __ ~ __ ._~~ __ .iI1(.'h-ponnds ! 

2, :125, OIX} I, !l-lO, 000 0 rBendin~ stress.". , .. _."' __ 110lmds per squar~ irll'h._ o 2,4M.; ~, 150 2, .125 0:;-Stress in compression l1crpcIlllicular to ~rnin at ncntrnl 
!;oJsurflll'e. __ ........ .._ ..............do .. 


302 ............ .•••• • ,...,
('omillment ofload pllrallcllo IIIis '............. pounds __ - .. -....••... , ::::::::::::,:: :::::::: ,. '·27: iiHi .,. -.. -27, 100 

:l3, SOD 26, 600 26. 600 ~Stress in compression parallel to b~llin 1 

Jlounds per squaro in('h ::186 122Modulus of olllstirlly .-.............................cIo •• _. 12-1 Jl6 WI '" 

1,720,000 •• _.............._.... l"; 


Deficclion . ___ •. _.... _.•••• _............... inchos .. 

At maximUlllltlOmcnl: 2 

t:o 3.61 6.2·1 7.22 o o 2.75 
() 57.37 71.50 60.16 D:::!\Ionl£'nt ann"""8 ~. "_~~_~ ______ . ______ .. " __ ~ __ ~ ~ __ thL" 2.08 2.72 D

nO.II 99.49 i2.5:J o ()
]\foment. . .... _.. ' ........... inph-pounds 
 o 2,888,000 -1,786,1100 3, -187, 000 o () ~,IIM, RHO ·1, 9·IIi, :JiD ,\,161, BiO ° Cnendill~ Slresg. _ _. . _" ~_~l)Oun<ls I1C'T squaT!) il1l'h_ o 4,390 ·1,715 6,860 D o 5,30U
~tress ill l'olllpre,~ion Ill'rpcnuicular to grnin nt ncntrtll 
 4, 550 5, 200 0 ~ 

~urrnl'(1"_'~.'M_' ____ ~."._ ... _ ._~do. __ 
0·10 " ....... _._ ....,,_... ,'>
('o1l1PO!1('llt of 101111 plITIIl!es to n,is' ... ___ .. _. poulllIS._ 27;800 OSO 

2i,800 ·IS, 060 ·1:1,000 -13,000 lifi,noo fiU,OO(} lin, 11'0 55, noo lill, oon ~Stress in ('OJllpTl'ssion parallel to J!rllin I 

pounds lwr sql1nrC ill('h. H)5 134 187 
 2:.lIi -1-13 :lRO 251 2lii 2-1() 3:1:1:'- C'ompotlf'nt of lund pl'rpl'lHlic'ular to tlxis I pounds :tn, 21111 :m,2()(} o 20,lIiO 20,lm ·10,500 40,500 o 41,100 -11,100 __Shearing- st.rcs~ I pounds Vl'T square iIll'll .. ,II!! 2.".i o Wi :1I2 ·120 273 ° 268 373 r:, 

-'-
I COnlPlltf.1d (rom orilZinnl shupe of Ilrt'h nxis disr"J..mrdill~ deformation!' ill hlst 'Loilil for J) I, ·Is,ono pounds; fur .1l~2, li9,180 pouncls. 

!-j::.. 
CIJ 
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TESTS OF BUIl.DlNG ARCHES-TYI'E C 

The building a.rches of the (' type (p. 68) afroI'd un interesting 
example of the usp of glued laminatrd pnl't~. ('ollsidrrntioll of COIll-

M~~t"'AF 

FIGCltJo. 2H" Tt'll~i(Jll fllilill'('); Ilt'lll' ~tati()m: (,' alll! /lof IHllf-an'h J) 2: l"ll~itlidinnl 
sh('111' fttillll'(' IHt~sillg- thJ'(}lIg;h lUll<' !II'nl' \lottolll und (':o.pPlldillg; upward aiJout 
to stntioll L, 

positc llH'mbrl's of thi" typr ill\"ol\'(''; two lll'\\' phn,.;p,.; of til(' U";('''; (If 
wood ill (,()llstl'uC'tiol1. lI11ll1ply. ('IJl'\'Pc! laillin:t!l't! pal'L..; 1I11d plywood, 
A drtililpd di,;('u::;sioll of tlw (' typ(' :tn,IIl's i" 1h('I'('fol'(' h('yond till' 
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scope of this bulletin. A brief account of the tests on two half arches 
of the C type is presented, however, but \vithout attempting to genel'
alize from the results or to set up a procedure for the design of such 
members. 

The two hulf arches designated ('-2 and ('-5 were tested under 
end thrust applied nlonf! the chord cOIllH'dinl! tll{' cl"own and abut
men t hill!!e pOill t:=;o 

The elld., w('re cut squan' with tll(' chord und load was applied 
tln'ou~1I hillged beul"inf! plnt('s nt ('ncll ('nd. 

'rest!' Oil tht' two Iwlf aJ"cl](,s W(,I"I' IIltldl' ill th{' sanl(' WlI,\' ('xC't'pt 
lIllIt tilr projP("tiug pnl"ls (If tlte plywuod wpbs at tlte knpe wel"e Idt 
011 (' ri, but l)('f()J'(~ tll(' ('sting of (' ~ \\'('/'(\ (,lit u\\"n.\~ :Jiong the olltrl' 
('un (·d burd!'1" of tlll\ JlUII!.!:('. I JOl'izoll!ul ddlpdiolls \\"PI'(, rp:ld nt fh e 
poillts :do.ng till' h'llg!11 (iig. :~ I, .1) in the ::-;n.Itle \\U.\~ as ill trsts (p. 34) 
of 11:1 11'-:11'(' h ('s D I :lIld ()~. :-;tl"uin was I'pad 1)(,(\\,(,(,11 Ilniis of eaclI 
of fOlll" pllil"s Io('u!pd ns ::-;11O\\'1l by figun' ;~ I, H. Shol"tt'ning of tlte 
di::-;l:ln('el>!'t\\'Pl'1l tht' [\\0 Jlllngp::-; was r(,:1(/ /1(':11" tlt(' poi,nt wh('l"c the 
('Ul'yut.UJ'(' is llJu::-;l l'(,\,('J'e. The w('h~ of til(' tYPl' (' h:llf al'eites were 
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stiffened at and approximately midwn~- between splices (p. 70). At 
pne point. nbout midwn~' between stifl'eners, readings were taken on 
one web to lllN1SUl'e any buckling thnt migllt occur in it (fig. 31. B), 

Force::: tending to ('fluse the flnngf's to npprotleh ench other tl!'(' 
set up when. n;:: in thes(' test,;, th(' appli('d moment is sneh that th(' 

4,ca·r-----~------~-.~--~------------~_r----_r--~~I. 0 
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FH,I'R£ ;·10 ;\1"11"'1,1 ",1 -tatl"tl II :~ "f !,alf-ardi lJ :? ploU('d :l~llill~l strain in 
l!a~t' h'll~tll> ::\",.. :? :lhel t. Iwar ''''!In':'>. or t"n~I"1i :tnd ('IJlt('Un' or e"llIpre-~i"lI 
facet> uf the lllember 

flange on the ('OllWX ,;idl' j" ill t('Il,;ion, 'fbi" I'(',;ult,; ill tl radinlly 
dil'l'('tl'd c'ompI'P,;sio!l ill wl'h,; aJl(I a radially di!'('ctpcl ,;h(':!!' bet\\ (,('11 

\\'('b" awl flullg(',;, Tbp piP!'t',; ill,;<'rt('d lwtW('Pll tbe w('b,; tl,; ,::tifl'l't1cr,; 
!llld nt splicp,; ! p, 7!l I Hctin~ II" "truts betw(,PI1 the inner fnees of the 
flHtI;!P';, Ip';';('/H'd tIll' "l\purin;! .;t!'pss in the glued joints b('tW(,(,ll the 
wph;; allcl tlu' ('(,!Jlml parrs of thp flnngf's. Thel'(, wns uo ,;uell l'eiIl
fO!'f'f'InPllt [or thl' joint.; POllll('f'ting the w(;'b.; to th(' on>!'hnnging ollte!' 
portion,; of th(' fhlJ1l!e,;, howE'\'P!', und "tr('ss in th('s(' joints wus th(' 
(lrirnury ('lIlh!' of [lIi1111'P in both t('sts, 

.\/1 t'nrh .;ttl!!!' of tIll' failll/'{' of (' ;) i.., illustnltpd bY figur(' :3:!. ~1. 
'flIP filet fhllt the glued joint cOIlIl('etin}!:, the ovPrlulIlgllll! 'part (If t,he 
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flange to the pl}"""'.vood web was strongE'r than the joints within tlle 
web ('uu-;ecl the fuilure to hl' bptweeIl plie:: ill the weh, .\.l.lter stage is 
-;ho\\"11 by fig-lIrp ;t?, E, \\-iJi('h i,.: tl ,-it'" (If thl' ('Ofl('nH' {tH'P of the llll'rtl-

J fI.-J j 
; 

\. 
,;~'"\ 
re

~-

Ii, f 
\~ 

• 

F~"r-la.; :jL .. l~ I!alt'-al"(·i. (' ~) .r~ flj,.!">~tIHH t!tl' Tf-.... r: 11. !JlJ:--:rroli ,l ~rr:1in ~:.Lgf... 
IHIlLt..; :.I"ar t"I} t1f I-,:,·t~lrl' ;j., r}l.f d(~', :.·1·... fl;r uJ.l'a~ur'! .. :.! r"lat'yp 111t1\"t'IllPllT. of 
tlH..l!1!l·~ d<:11 !!!l:.!ll :1t tr.U"ril·d tu (~r.\ II 'f I·al' a!ld I I,lOt<.. liHl! (If \\,.1, d" tLl !!3.J!e iusprtpfi 
i!~ ..Jrai:.rr.t ~'~i!!''' TH\\ard JIf1t~H1U. 'if pil·t)!!·,· :.,1 ..... 1 ... nf l:a1f-:tn"L"..; {' ;2 ahd (-- ~) .. 

lH'l'. Lnll'l'd h,wklill:.! iiI' all olltt'r portio •. til' both lltlll!!PS has IIIlW 
tukl'tl pia,,!,. 

:-;tqriy of thl' ,...lntilJ rptttlili:.!" illdi(':ili'" tlwt ill Iwitllt'l" (' :2 fHl!' ('-.') 

was tL(: I'rojllll"tiOIl:d lilllit (If tIll' fl:tn~('-; (',>l't·pd(·(l ,,!tPll fuilul"P brgtlll. 
TIl(' prilwipall'p... qlt ... (If tlh.. h (Ill llil[f-t!l'!'lll'-; ( :2 lind C .i lin' "howll 

ill tahJt·:.!:.!. 
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After failure of C-2 had begun, cltllllps were placed to hold the 
parts of the tension flange together und restl'nilllutel'ul buckling. The 
reinforciug action of the clumps, whieh W01'e ]Jot uspd in the test of 
C-5, was probably the principal cause of the gn'atp1' maximum loud 
taken by C-2. Inspection after test shOWf'd tlint tlle gluillg between 
the plieh ')f the webs was lIot (jl'~t dtu;~. Had this gluing h0(:,11 good, 

, .. 


f 
f' 

1<'1<11"111,32. Ftlillll'l' (,f half urt·1t (' ,j' ,I. t'lIl'h' slul.(!'; lIoll' (It,d('(,,. rOl' IIlPtlSlIl'illg 

I'pla t h'e IIlll\'('IIIPlit of i1tlllgl''; Hlld 1l\:l'klilll!: or \\('1>: H,lal ('I' :-tagl', luukill'\ toward 
('{Jllt'aYe [ae'c of 1Jl!'llIilpl'. 

Hlld hud tlwl'(' 1)('('11 tilru[ti 1)(,[\\(,(,11 {It(' Olltl'I' oY(,J'hullging portiolls ns 
wPll as Iwt\"C'l'lI lllp ('{'lItml portions of tht' (\HlIges, tIl(' stl'('ngth of tIl(' 
llH'lnlwl's would hu\'(' 1)('('11 ('ollsidt'l'nhk higheJ', Eillwl' of th(,':t' f:)(' 
tors alonp would ))roi>,dJJy JIUY(' pl'o~lu('~'d significant incn'lls('''; in 
strength, Til£' stl'('ngthelling pl1'(,('t of flIP stl'uts is d('Jllol.lstl'ut<'c[ by 
tile fHl't thut s('piu'utioll oj' tlw w('bs fl'OIIl till' pOl'tiol1s of' titt' fiungl'''; 
bt'twe('n them did JlOt ()('('IU' tllld hy tilP 1'1I1't 11('1' fact til:! t titl' joud ('011

tinued to inCI'l'H,.;e uftl')' til<' Ollt('1' '(j\'pritllllg'illg ]>ol'tiol1;'; or thl' fiullg(';.; 
se}>tl1'i1.Lpd from till' w('h", hllt'kl('d, :lIH[ h('('ullt<' qllite jn('/1'p('(i\'p, 



49 'l'.HE ULI'IW L,DI1X.\TEJ) WOODEX .UK'II 

TABLE 22,- Pl'incipllil'('.sl1l1.s 0/ irst.~ un 1//('lIlbel'8 (' ! anrl C ii, at .Ii/wi and /IIaxi'llw'I/I 
,failllre 

(~ .)It.'11I (' .:1 

('horc\lengtlL •• '27' 271 {ll,lj"
At flr<l (ailur~:

Load _ pttuwb :j~.llIli1 :l2.80U
.A t top llOd: 

~hcnr str£.l$."i ill weh. pounds ~(tllnrf' IIU·lJ I. !lOll 1,025
:-;}Wflf strC'ss in welL _ . do , iflU t ,in

~tn1ion L+!-f--point (}rnlnxillluln~ln'F-S in flal1j.!.(·s 
1lori7.onfal dislnnC'1.' nxi~ ofmp'llh"r tfl ('IIonl fUlll' (II :It'tion Ilr I01u1' 

fp(lt uwl i IH'ht'~ Ii' I. liS" Ii' 7. xo" 
Horizontal d~U('~ti()n . irH'III's 1 • .,0:' 2.0;.1
_\ 1(JUlC'U t nhou t ('t~n (t'c or inrwr JlnJl{!(' ilH'h-(IOIlud .... ~.2UJ, usn 2, as:!. ;iHU 
~101l11'nt nllOut (·(·ntl.'r ()f outflr Hnw l' (Io 2.x22.fi(\{\ 2.\1\1(\.1\00
TOlal c'OJupn·g..::ioll ill inlwr tlnuJ.w [Iollnd!-o 1·1\1. ~()n IOO.IISn 

pOllnd... "'qllan' iIWh 2. iUO 2,11!HI!1:~!~~:r[~'~~\?)~ll rl~~:;~~f~:lni~~~~:: f1nUl!fl pOllnd~ 11'.~O(l 1!!7. '!S(I
T~n!'ion stnlZ',<; in outpr nnn~'t' InJtHld ... :-.qllnrp trw], 2. ·1:10 2.:l!l11 
~hf'nr gtn'ss in wph do :1-111 :100 

~hltjon J--J)oillt o(tlIo:\iJIIIJJIIIIlI1U1PIlI 
t (nri1.ontut(ti~1alw{' t\\i~ (,fI1Wmlll'r to ('Bnr<1 ,Iitwo! 'U'lilJl\1,r hl,\{i 

((>t'l and lJldw~ 7' li.;iS" 7' ;l.:H"
lIorlz(lntlll d('UI'('(iUl1 irl('llP~ 1. 4,rt I, liun 
-'IOIllf'nt ahout ('entt'r Hf illtH'r UnJl,," jlH'h·'I()tlll(l~ 2, as:!, 20(J 2, ;")l:i i -IfiO 
'\{OIlIC'nt about. ('t'ntpr of outf'r lInn.!!'.· do :1, aoa, 20(1 :1,4511, ·120 
Totul (-()lIlJlr('~~i()J1 ill iUf1('r Hnng-(' poumil' III. ,~H(I II\I,\);.(I
r'OIJl!,n.s.,.;;ion strj·:;..... in inn(lf Ilnu~(' JlIlllwl ... ,slIUnf(' irwh 2/ ~~:in 
'rota l('n:::.inn in ouu'r flnu1!\' l)()n1Hl~ x~: ;\~~ ! ~7.1ml 
Tt'nsinT\ ~tn·F..'" in outl'r tlnnJ!t· _ potl1ld~ squan' iu{'h 1~ 72£1 1,~2(1 
Itndius of ('Pllt!'r liw' or olJlpr flamn- r..PI (ind inelw~ WN":i' .""'''Harlin1 ~11('ar bpi Wflt'll ottillf fInnl!" and wl'b ,tllllwl"'·"quan' hU'h X\ n:l 

.\ t tn8\irnUIII 10nd' 
LOUd POIIJlti:-- 4',INI(I 42,SfJO 
At topI'ftcl: 

~t){lnr ,.;;trp:;s m \\ (.), poullds "'qllan- IJlf'h 1. ""II l.a'lll 
~fl('tlr~j r{\s~ in wph de. 11,11111 '1.010 

At statlun L'i"~.j point I,f UH1\jlll1'lllslri·..... i" 1I:11lJ:1'~ 
I [ori70l\t:1.\.l('U(-<C't.i(.u lu(.·lH'~ :1.;\\1 
~I flJlWJ1 t ulloUl ('l'Utl'l' of iUIlt'r flaIlg'1 irwh 110111111:-: a. a~2. HUH :1, WI!,IXIII 
.\1 oIllf'nt alluUl ('('I1I('f flf ouh'r UnnJ!I' dq .1. 20" :),0 a.II'II,OOIi 
Tlltu. (·oIrtJlrl·...... lnn iI1 inrwr flun!!1 pllund .... 22:l, ;~j(l 212.070 

pound ......qlJun· 1,1('11 1.1211 :1.11(<<1~I:;:~~:rrl~·;~j::~ i,\r(~~~}.~ l\~!~~~~ flnnl!{' pound... I iii. Jlill I iiI!, 2\111 
Tf'u",ion "'lrp,'" in nutf'r Ibn"I' I'illUl f l"', ....fl l l!lrl,i.H'11 a~IiHl a,lSO 
":'lwar:-.:.1 n·..."'" ia \\\-1, 110 r)on 'H~ 

('owPtJ [I-d hy tlu' lJ:,uaI h,fUlUhl tor ... Iwar :11 Illt' 	HI'ul raj aU'" IJf a I,l'a.u. tilat b, .slll'ur ~'in's!' !'(tunls 

till 


If 

\ll)1>[I' \ - = t'\h'fHU\ s}H'ur. ,111- ~laH('nl 111l1uwn1 .., 'In-,, abu\ .. lH~ulrnl u\b" J mOUlt'1H of hwnia of st't'lion; 
I lolal tlii('kw'~" of \\~·h~. (JIlIi'f ('IIU1putU! !IlU" !t" '1~ roll,,\\~: Lond un UUIlJ.!f' lltolli(>ut uboUI olliPf IInUgl' 
,It\, hlt-,I fly ,listiJIH'(- (. ttl ( .,C IInnl!p~; '';In's~ ill fhll;":l- JrlUlI on tJUIlJ!(' lli,-ifit·,j I,y (·ro~... -s(,(·ti0J1:t1 un'u Ilf t1nn~('; 
.. h"fU· .. lfI's~ lU \\'ph~ 1" diyidl'll h~ tlistmI('p (' til ("of tlUlll'l'S tiUH'!--/~ radial ~JIl'ar ht'tW{li'll olltf'r tIull!!" awl 
wd. 1,-n';loli .. tn';",,, ill fhnJ!t 111111· ... \\idlh tiC 11\ ,-rh:u)J!inu porrillu of U:UIl!t' di\ HII'd l'.r radil' .... "r c·,-n'l'r iiiif' of 
H:HJlfI-

RELATION OF STHJ~NGTH PIWl'EHTIES TO nrnVA'lTRE 

'I'lt(' r'(JJlJ1ltOI1 tI~~ll1l1jJti()1I (ll:ll bt'llding S(I'(>S'; is linp:ll'ly dis(.ribllt,(·d 
II('I'OSS tl)(\ d('pth oJ a hP11IIlsllbj('ct('ri i'tl II <'x 11/'(' dcl('" lIot holrill'IJ(', ('\'(111 
within tlH' proportional limit, rOI' ('I1I'\'('d J.JH'JIlbl'l·S. 'I'll(' ('ITOI' of Ihi;; 
asslImption inr'J'('tls('s l.l::i t]1(' q lIot i(\11 (I nIdi lI;'; or <'ll1T:iI 11/'1' rii \'id(,d by 
(}Ppth oJ til" 1lH'llIlwl', d('('J'C'llSPS, Fol' yalll('i' oi' Illis qlJotiPll1' tlll/l 
t1PJ)[~' 1,0 SOJll(' 01' thr' IIH'II1I><'],8 dis<'lls;;ed h(']'('in, (hI' ("'/'01' of this 
asslImptioll i~ Jnrg('. ('011110011 t'lIgill('Nilig fO),llllllll;; liial illyol\,(' lli(' 
lISSllmp (ioll of Ji1I(,l1l'i f~' (I f st r('ss dis ('l'i I> 1I tiOIl 111'(' 11 ('\'(' I't hpj ('SS 1'111 ploy(·d 
t\Jl'OlIghollt this hlllll'lin ill ('onlplltntioll" 01 str!'ss!':' froJli t('sts, ('x('('pt 
in tpsis of nH'I1Jh('"s or I SP('(iOIl with piY\\'()ori \\I'b~ ((abil' :!:! I, Hilt! 111'(' 

IH'('()l'dillgly nsslIlltt,d to Ill' lI",,,ri.ill dl'sign. \\'ith this j)J'l1('pdlll'l'il.is n(lt 
bl'ii(,\'('d tlllll thp ('ITO],S or tJl(' tl.;;;;ulIIplioll of I.ill('arlly oJ Hll'('s;; dj;; 

14:!71H 
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trihut,ion I'<'sult in nny signifienn t <'1'J'01' in npplying t1lr datn from trsts 
to drsign, It is p1'obu hl(' tlln t ;;oIl1e of the ('fred;; uscl'ibed to tll(l 
inflll<'n('~' 01 stn'ss ludllt'ed ill l)('nding Imninntions (p, 52) nJ'e due 
to some smull f'xkllt to tlll' ('1I1TutUJ'l' of the UH'lIlhNS them/wly!'s, .... 

Figures 38 uncI :34 bring togdhel' the pl'in('ipni dutu tn aiinble for 
showing the relatioll of stl'pngth to (,lIl'yutUl'!', 

Dnto 1'1'011: tlH' tnlIlSY('J'SP tl'sts tin' piotu,d 0)) U JH'l'('Plltngl' basis ill 


figul'e 33, thORP ]'01' Sitka SPI'IH'(', Dougl;]!' fil', and south('1'1l :n,]jnw 1)i11(' 

lwitw: cOlllililll'd tiS ill ligll/'(' l:i, YttIul'" fOJ' InmilHltl'd stl'uight 11]('111-


h('I'';' to whi('\t thl' (,1lJ'\'~'d llH'IIlIll'l'" WPJ'P mulelH'<1 Iwillg the bnses, 

Silllil'll'ly plottl'd ill HgllJ't· :~;3 11J'l' (Jutn 

rrolll PII<I-t hl'llSt tPSt,; on bhol'ntOJT

hllilt llH'mlH'l's of sOlititPl'lI l'ilH', til(' 


•• ~~····.L :!YPJ'ng(' stl'PlIgth \':illIl' foJ' llJ('lnlH'I'" 
\\'ith t'11t'l!'nst('lIl'n\tlll'l' II-foot ofl':-;/'tl, 
I'(,jutin' ('lIl'Yntlll'(' O,tH)!:!;) ]willg 
tnkf'll n~ the' htlsp or ]wl'('('ntagps, ' 

TIIP pIo ({ pt/ points in fig u r(' B4 
I'ppl'l's('nt n\'('l'ugP :lnd ntinillllllll;'~:'~!'rf~:1

. " I y:dlll's ns d('('I'mill<'d f/'Olll pnd-thl'ust 

;. ... I t. • \.j ((',;t,.; on InhoJ'utol'y-hlliJt /Il('lllh('l's of 

" • 	 ~ I ";(l(lt/t(,l'Il ~'('JlO\\ rjill(' Ulld intiiYidlf:i/;--r - . ! ':''>..'''- A.t-- l('st \':dll(,s for t iI(' ('\'0 hllildillg HI'cil('s 

.\. ....... I> I Hnrl () ~, wltiell \\'('1'(" also of 
-.(lIltil(·I'11 yplI()\\ pill!',

"," "1"1 '''~ Tite ('111'\'(''; ;;11O\\'1I ill figlltt'S :3:~ nlld 
;{., 111'(' ('';';('Ilt inlly idt'llti(';d, III pl:lc

" ill!! thelll, ('OIl,;j<i('/'1ItiolJ \\'ns gi\'('11 to..,' ... :: ;:<C:;:,:~~~.:<. ,R jl 
.~'" '" • l" ,,"f\" --: G li;rlll'('''; :~:~ <lilt! :~4 nlld to ligll;'!'s I:~ to 

~" ~ ..... ... • r' '. ~... &''1' lJ. illcillSi\'C', to till' IJlllnl;C'I' of If'slsf't ~ '~', ...... "'f(~J' j\ ...... ;:" p 

.,' •• t • • 	 ~".. •• 
\ II .. • \ ,.~.., 	 41' ~ ... -o t'('PI'P';PJI\(,d I)~' !'tH'h plot tpd point, 
",' ,;, ...... "" t ~ "l' \,t, \ ~ /~ .. __ • 

;llId to oth!'!' j)('rtilll'lIl illj'Ol'.1lllltioll, 
A ."'. ·t~ . 

.. y ~':" .'-\ ." t;."!1
.', , .... "... " \' .. J 	 FIII't!t('1'1I10I'(', 11101.'(' w('igbt IHI'; bpPIl 

gi"1'1l10 til(' valllt'..;:!( tllf' pl'Opo)'lioll:l1 
FIt;('Hl'; ;{;{. ;4tn'II~\L ..r IUlllllltlil'd limit tlwlI to thost' at till' Innxillllllll

J1Jl'IIlIJ('r~ :1" rl'lutl',l I" ('III'Vallln·. 
/]lOlllf'llt. .\s Jw,.: 1>('('11 J1otpd, tlH' 1'1IJJ:-;/ n'lIl{t II \":1 11I('"uIIIJl'rC('nllll-f<'1J(I~i~. 
"Itimut(' IH'lltlillg..;trPllgth tit thl' ';('('

cioJl or Illaxilllltlll ('UI'yulll/'(' \\n-. 1101 d(,y('lojlf'd ill ihp tp,;t·., til' Iwlr-:tJTh('s 
D I and 1):!. ('()I1,.,('qlll'"tl~·, tIJl' poillts I'PPl'l'SPlltillg (llI's(' tll'<"ilPS ill 
tlH' llPIH'1' part of liglll'(l :~4 al't' too 10". 

('ollsi<i('rillg ltull'-url'll \) :! nimH', tht· ('III'\"(' fol' til<' pl'Opof'tiollnl
lilllit \'ulll!';'; ill lignl'p :\.:1 w{)lIld ';('1'111 t() 1)(' tOtl ltigh.Ho\\'('\,('I', tit(' 
",tlUl' fof' I) :! i; ('OIIlI(I'f'hninll('!'t! by \':\lI[(,S f'(,PI:I'~!'lltillg Ilt'url." n" • 
gf'C'nt ('III'Ylllll]'!, a/Jd lyillg, ill g'l'l1!'f':d, \\"f'lIu\)()\'p OJ(' ('\11'\'(' ill figlll'f's 
I:L \.J, 1;), nile! 	 :~;~. 

"\ fUf'tIH'r 1'11('(0/' fof' l'OIl,.,itil'f'lItioll is (ilp l"l'illtioll h('t\\"('('11 tire df'jltll 
oj' u woo<i(,11 1)(,1l1l1 tllld till' ';(f'f'l1gtll Tp,;h hnv<' s"OWIl {itnt. n" th!' 
dpptJI 111(')'(,:/';('';, til!' fih('I' "tl'('''~ at tllP Pf'opol'tiollal lilllit. U,; w(,11 liS 

(IJ{' Illodllill" or l'llptlll'<', ci('(Tl'lI"('" T"i" f'!'lntioll It:!-. hl'f'lI pIll illto 
tiJl' r()IIt1\\ill~ rO/'llllrin 

/I 1.0, 
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where His tl10 depth fnet-or fol' n heam of depth It, nnd is ullity 1'01' a 
beam:! inches deep, Yulues of IJ for lllpllllwl's 1'('IH'PRel1 ted ill JigllJ'e
:~4 are as followR: 

Lubol'utol'y-built members of 1-;,12, unci lR l:ullilllltiollS with drpths 
of G, 9, and 1:31~ incllPs linn' Y:tII1('s of JJ of (J,n,), f),H2, unci (u.;g, 1'(1

SI}('C n'ely, Thl' D llJ'clws lI";Pc! ill til(' ";(l1'\'il'(' bllilding w.itll a d(lpth 
Ht knee of 24 illchps hun' u y:tlllP of II 01' f),,,:~, 

The stl'(,llgtlt \'U IllP:" fo)' t 11(' YlIl'ioll"; IWl1lll"; wOllle! 1)(' 11111 cI(' mOl'r 
llenrIy comj)tll'llbIr by di,idillg l'III'l! by tilP uflflJ'Of)l'inll' ndllp or 11, 
lnnSlllu('h, JlI),,"('\'('/', n:" t!ifl'('I'PJl('P:' ill hpi!!,'lJ! HllIOII!!,' tit!' (lxfl(ll'illlPlltnl 
memhp1's witII S, 12. alld i."I Illlllill:l
tions nre illSllJli('iPllt to m:lk!' l1t1\'

• lal'g(> dlfl'(,I'PIl('('S ill s( ['('"gtlt \':d II(,~. ~~,ndj llst1J1(,1l ts fol' lrpigh t pf!'!'('! \\('1'(1 
.......
llot In/Hlp, TIt(' f()!'(lgoill,!!,' lubullllioll 


RUg-g-PRtS thnt Ull upwlll'd nt!jtl:"lll)('lll 
 ..~>-~
01' npproxillltl tpl~' .I () T)('J'('pll t In igh t , ,propp}'ly 1)(' uppli(lcl to Ih(· \,:dltl':" fol' o 


V-lund D 2 ill fit('ll 1'(' :l..J: to 1lI11 kl' I h(llll 

t!l(Ij'(1 tlPnrl,\' ('otl1[Hll'Hhl(1 to thp nil 11('" 
 ,
loJ' tIll' InhoJ'ntol'\"-hllill tlJ('llllwJ'", • 

~lt('h ndj lI~(J1\('1l t 'wollld hJ'i Ilg t 11<' 

ndllP" for J) II/lid D :! ('olhicip/'

n hI,. liP:! I'('t' t Irl' ('tll'\'(,S, Idli('iJ III i!!,'lt! • 
 ".

, 

tlt('il IH' ('oll"id('I'('d us ('oJ'I'P"'IH111Ifillg " 

to n j)p.itIht f:l('lol" of ahollt {LO~ :thp :;. ~ ..t-t:,. ". ,,;~!,,~.:,,
t\" .. 

tl\"(ll'ng(' \·~lIlJ(l JClI· thp nJ·('hp~ \\'ith i ;.:·:'~/''';R~' ~'~/;,·!.,;:J,;:·:t!.;~,:".!~:.~,~,,,.,, ....t' 
;.;, 	 ]2, UJ1d l~ IumillHtiOIl'" i"·;::7.: :::" ;;;,::. 

III til(' pnt!-t 11I'II:"t t(,,,t,,, ('IIl'\'pcI . ,'" ,,~:: ' 
ll1('tlJl)(,J'''; \\'('1'(' ";lIbjp(,tpd 10 IH']l!lilli!' ~"'''.'' '.". 

"t/'(I";" ('oJJlbill('d 1\ illt ..;tt'(,S:- ill "Ofl]- filii HE :~1. S1n'IIg1h 01 iulllillat\'d 

jJJ'P,.;sioll pUJ'ullpl to grllill. SilH'(' lIH'llllll'/,' of ~lIllll.«l'l' \'(,11,,\\ IJjll{' 

stl'p";~(I" ill ('OJlllll'(',.;,.;i()1l pnl'nllpl to tll(1 a" /'!'i!lll'r1 tu ('111'\'11(111'1': Stl:!'ilgtll 


. j' I I (1 	 \:d'H" 11 jlolIlHI" lH'/' -quul'\' IJI('h,gl'lII1l () WOO(, H) 1 at Pl'O]llll'
tiOJlltllilllit lIlld IrlCin);I!(', :lJ't' c'(lII"idl't'uhh' low(,l' I hUll \wlldiJl!!,' stJ'(''';SPS, 

til(' ntlit!i ty or :1( Id illg /ollgi I"diJln I ('(lJl'1 ]lJ'(I,.;"iOIl I() I h(' ('o;1l JlI'..ssioll 

l'('slIltiJlg' fl'()j) I i>(,IIdillg Illig-Itt 1)(' qll('sti()twd Jlm\ ('\'('1', ill tll(' 1(',;ls, 

til<' 1)('Jldillg ..;11'(,";s htl-. })(I('II ft'OllJ I,.... to !l\ 1)('/.'('(,111 or til<' lotal tlllt! tI 


pt'p\'iolls iJl\'('stigation I/!I Illl,.; shol\'ll t!tal \litllill tlli" 1':I1lgP tl)(. 

('olllliitwd "tl'<''';.., i,.; 1I0( ..;ignilk:tlltJ,I' ]0\\('1' at til(' JlI'oJl()I'1 iOlltll lilltil OJ' 

nl tltp 1I1tilllnt!' IlluII 1)(,ttdil1g: stn's..; :lIol1!' WOldt! 1>(', 


DJSCt.:'SSION OF STRENGTH DATA IN RELATION TO 
STRESSES FOR CSE IN DESIGN 

Th(, <Iatn thut hU\'(1 1>('('11 dis('lJs,.;pd. (o!!,'PIIJ('J' willt ..;olll!' additiotl:1I 
IIlJ'Ol'JlIntiotl tllld (',.;t 1'('slIl('" th:lt \\ill 1)(1 'illtJ'tHilw('d ('tlITl'lltl\' U('(' tltI' 
busi,.; f()r d('l'h'ill,t!: SII'PSSP" 1'01' IISP ill tIl(' t!('sigll or ,!,dupd l:.illJjlltl ('(1 
"H'm I)(;'/'s. 

BENDING COMBINED \\TfH <'OMPHE!-)!-)IO!'l' 

Tnbl(> !l Pl'PSPllls ..,t!,(lllgtlr nilll!'s fro", (,lId-tlllttst Ipsts Oil ",olltlH'I'1\ 
\"I'IIIl\\' pill(, 11I(,ll'h('l'" I I !"'(' I lip/, wilh jig'HI'P" (lll :--I:tllt/art! <I('\'iuI1011 alld 
~'o('f!i('i(lllt of vHl'iatioll (~' tll(,";(' \11111(',.;, 
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From thesE' data OJ) ynrinbllity it is estimated thnt thE' stress nt thp 
proportionnl limit will pX(,E'pd (~O 1H']"('pnt of tllp !l\'prngE' \'nhlP ill rm .. 
out of 100 lllellllwl's. tlIP (,l'lltrnl thrpp-fifths 01' Ie',s of wbose laminue 
are defectiyp. YUIllP;' of stn':;s at pro]>Ol'tiOll:d Hlllit lower thun :3,120 

[1- 2,000 (if rJ. which is 1)0 ]H'l'!'Pllt of thl' \"ill 11(' indicu ted by the n Y('l'

n~{' ('un'{' in figlll'{, 84" HrE' :H'(,lll'din¥.'ly to h(· E'xpl'etPd 110 ortC'nf'r 1I1H1I 
onC'P in n hllndl'l'd ttIlW". Fuillll'l' of \\'()O(\Plll1l('lltllPl'':; llJHlpl' IOl\go-('OIl
tinll('(\ loading- i" to hI' ('xppt'l{'d nt :I "tl'C'':;':; ('flllni to tlud nt th'(' pro
po]'tiollld limit. ('OI1':;l·.qllC'l1tl,\', if Io]' >'l1cll Illlltpl'i:d :I':; is I'PPI'psPIl(pd ill 

thpsp t('st,.;, a y:tillP of :2,()XO [1 ~:2,(l()(l (il)] \\'('1'(' lIspd in d('sig-Ilillg, 

tlu' 1':1('(.01' [)f ,.;nf('ty would 1)(' nppl'oxilllll\ply l,,'j InHlpl' indpfillilpjy 
pl'<llollg('(\ loading' \rjtll I'p,.;pP('t to :I f:lil II 1'(' or l-Pl'I'('Pllt ]lmhuhility, 
Sil1(,(', us PI'('\'.ioll,.;.I,\' ..;tnil'd, thp ('111'\'('''; ill 1i!!IIl'P :14 Illn,\' \\'('11 Ill' 
('oll:;idpl'pd II"; ('OI'I'C''';I)()Jldillg to a II('ight f:l<'tol' (II' npproximn[ply (l.!J~, 
th(' l'pdllctioll of wOl'k.imr ,.;[1'(''';,.,('''; hy th!' lIpplie:ltioJl Ill' Ill'ight fnctol's 
in tiH' Jll:IIIIIl'I'l:tIl'J' "lJ~!!p,.;tpd illl'I'p:tsp'; tht' f:l('tol' or ';:If('t\, ";oJl1(·wlwl. 
Thp f:1I'tol' (If I,,> i,.; aplll'\l'\illwtply tilt' ..;:tlll(' n,.; ohtain,.; \\'ith I>PlldilH.!' 
";[I'ps,,;(',,; )'('('OIltIlH'IHlpd hy (Il(' FClJ'(',.;1 IJJ'()r\IH't, Lai>ol'alol'\' :tile! widpl\' 
Il(,{,pptl'd ill d<,,,,i!!llill!.!' lilldH'I' h('I1I1I,.;, Th(' 1'('('OlltlllPJ1<i'l'd ntlut' I'!;I' 
>,outIIPJ'1I \'('1\0\\ pillt' hl'alll";, \\'ithollt :III" !'tIt!' or !!I'lI\\,th 01' dpllsit \' 
l'pqnil'l'IIH:lll. j", ~,(}tltl pOlllld,.. 1ll'1' ,.,qll:1I'(; ill('1! to ~\ hid) 11:, i,.. nddl'~1 
fot' piP('('''; \lith llol 1(',.;" (11:111 ..;i:-.; ~I'()\\ th I'illg''' IWI' ill('h, mnkillg' 11ll' 
\':dl)(' for "1J('h Jll:ltl'l'ial :2,l:~:; POlllld" 1)('1' "qU:tI'l' illch, Till' IlI:ttl'l'i:!i 
ill Ill!' ollt!'1' p:1l't" or I]H' t'I'O";'; ",(,(,tioll or til(' IHlllin:lt<'d IIlPlltl)('I'" 
t(',.;tpel 1I1ld('I' I'lld thl'll..;t \\:1,.. of thi,.. <'II1II':l<'t('1' :llld it i,... ('OIH'llIdpd 
(Jlllt til(' hn,.;ic 1H'lIdill(!-"'tn'''''' \,:t1IIP'" <I"; 11,,(,<1 rOl' (iPlpJ'lllinill!! dp,.;il:ll 
":tiu<,,,, 1'01' lilldH'1' \)P:IIIl,. IIwy Ill' H('('{'ptpd fOl' IHlllillntt'd llH'lltlH'j':
baying (,:Ic\t Ollt(,I' Iiflh or till' (Jpptll of tit!' ('l'O";"; ..;('('(ioll fOl'JI]C'd cd 
pl'a('ti(,:t1ly r'11'1I1' 1l1:IINinl IlJld with til(' illt('/'iol' pUJ'1 JtHl<\{' lip of 
lulllill:tP ('olltnillill!! d{'fp(,t..:., 

('0;\1 PRESSION PAHALLEL TO GRAIN 

Th(' dulu 01' IllbJp 1 illdi('u(' (hat. lip to a 1'('lnti\'(, ('lJl'nllul'(, of (1.01:20 

dnmi IIll t iOlls hl'llt to a 1':1 di u" of ...,0 ti III Ps i It pi I' (It if' k Il ps,,; ), 1)('1l t Ill:} (pJ'i/1I 

!tn,.; ";lJf],PJ'l'cI 110 ,.;i~l1ifi('Hllt 10"'" fir ..:.tl'l·ll!!tlt as ('PJllp:tl'pd with stl'lligll! 

lllu(Pl'iul of th(' "';1I11(, ('lwnJ('t('I', ('oll>'f'<llJl'Jltly JlO I,('tll/din/] 1'01' till' 


dfp('! or ('lIl'\'IlIl/l'C' S('PIIl"; 1I(,('('S:-';}I',\', nlld ,.:tl'l':;S ill ('Olllpn'':;sioll pamll!'1 

to llJ(' IIxis of c'ul'Yl'd IllPIllIl('I'''' lllaY 1)(' (Ill t]H,.;tlll\(' basi..; ll": foJ' ,.:tl'Hirrhl 

m(,JJ1b('J',., with appJ'OJll'iatp I'Pdll(,iioll flll' till' dd('('{s IH'I'JIJit(pciin tiH' 

l:IJllilllltinn": of Ih(, ('III,\'(·t! IlH'/ll!JPI''';, 


(,OMPlmSSIO!\ A!\D TENSION j'lmPE!\IH<TLAH TO GHAI!" 

S{n's;. ill (·olllpn',.;,.;ioll (I('I'J)('IHli('ulnl' to tll(' ~rnill /'(·l[lIin',.; ('ollsid('I'II
lion bp('lIllSp it i..; dp\'l'luppd :It tllP ('PllIlI,(,tioll of :tl'dH'''' (0 tip roels 01' ~ 
10 nbutnH'Jlj,;, COIHlitioll'; at ..;llclt poillt..; do IIP( difl'f'1' ('ssl'lltinlh' 
from lhm;!' Ilt tItt' Pilei ... of lH'uJ1I" lllld (It I' ",alllP :t.llo\\'tlbl(' St1'('l';f; "allH:" .... 
IlH1Y b(, lIsPcl H"; fol' thl' 1H':tl'illg' or lH'HJlls, 

.\.s Il1ll.y b(' <\PIIl!lIl..;t I'al!'c\ IP, 1p, I a rndin.lly acting' ('OJlJIH'C'l';sioJl 

pxis!s ill a ('UI'\'P<\ IllPllI\J('1' ";'Ibj(,(,(pd to h!'lIdillg' 1llD.IlH'.IIts IlJut tplld 

lo incl'{'use the CUl'\'lItUl'e, For this radial ('Olllpl'Pssiou, the snnl(' 


" 
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lI110wn ble strpsR ynhl('R llre snggPRtpd liS 1'01' ('Olll pJ'P"si(l1l 1)('}'pPlldi(,1I1ul' 
til gJ'll ill II t the ('!ld" of hPlll)l:::, 

,,'h(,11 11 ('lIl'\,pd wootirll ll1E'mbl'J' iR slIbjP('/.('d to IWlldillg llI()llH'lIts 
that /('.lld to "tl'tJightplI it Hild df'C'J'rllS(\ tlJ(' ClIJTllillrp, tlJ(' J'ndinlly 
n(,(ing stress is 1(,Il"iol1 1)(,I'PP1](liclIlnl' to thp grniJl, 'I'll(' prillC'ipii.! 
da til UYHilu hlr as :1 h:l~is for dPlpl'lllillill(!' nIlO\\/l hlp ,;tl'('SS('" ill trlJ,,]OJl 
PprlWJJeii(,1I1nl' to tllP gnlill ill laJJ1iJl:ltpd ('lIITt'd 11ll'11I11('I':-; :tl'(' the 
!"('f'1I1b of tt',.:t~ !lwelp II" j):lJ't of tJ sttlJJdanl :-;eri(,,, OJ) ";OJlJ(' 104 spp('ies 

oL-,-__ ..: 
..IeA... £ -~. ."1 ..."'1-' £5 

r 

II/i;, '1'1)(· typl' Dr sl)('('ill1l'll :Iud t('stillg' applialH'p i,.: illll,,!l':ilpd ill 
figlln' ;{;j, .\\(IJ'ng'(' \':lill('" ()f tl'lI"joll [)(·I'JlPlltii('IJi:l.1' to g'ruill for :lil'

<lr.i!'d IlI:tt!'l'iltillJloistllf'(' ('ollt!'liI I:! 1)(,1'('!'llt' \'ilI'Y frolll u": 111\\ :IS IkO 
foJ' n li!,!h(\\('ight, 1l01ltlPII"P ,,()l't\\()(ld, to 1/" Ilig'11 as I.:!(]() pOllIH.i:-; P(,I' 
";(jllHJ'(' illch for II \'(,I'y h('it\.", d('lb(, hHnl\\ood, III tltis (.pst, (II(' 
(Pllsil(' s(n'ss is /Jot Illlifol'lllh' disil'iiJl/lt'd 0\"('1' til(' ar!'/l bv \\'hi('it 
thp jO:ld i:-; di\'id('<1 to g'('( (itt' illlit Yllill(', III'IH'(' tit!' n.1I11(,S ;.b(niIlPd 
,ll'(' SOIJlP\\-jlll( lo\\!,!, 11t:lIJ til!' !I'up (1'IIsiJ(' stn'll!!tll. TII(',\' :Ire l'Oughly 
cOlT{'lnt('d \\'jtJI !lIIH'/' IiH,('h:lllil':1I PI'op,,/'ti('s, :111<1 :1 s(lIe1y oj' 1I\'nilahJ(' 
tiut:! illdi(,lIt('~ tli:11. for ('()lIir('r!lll~ ,.;p('cips, tlw ((,II..;i[(' s(I'PIlg'th will 
I'ut'ply 1)(' ks~ t 11:111 :W ppn'Pllt or t IH' l'olll/>r(':-;..;iolJ 1)('I'Pl'IHlj('ula/' \',dIH' 
or I(':-;s tllllll 4tl IH'I'('PIlI 1'01' JlllnhlolHI ";I)(,('j!,~, .It WOldt! -..('('111 p.m/>l'r 
t1H'1I (·0 p('llIli( :l tl'llt'il!' str('ss :{o [,0 .J() 1'('1'('('111 n.. g'n',il :I~ (lip :lllo\\,
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able stress in compression perpendicular to grain. However, un
avoidable imperfections and discontinuities of gluing, together with 
checking during seasoning or in service, may result in less than full 
areas being availn bie to resist tension with consequent concentration 
and nonuniform distribution of stress, It therefore seems advisable 
to apply furtber factors and to make the nllowuble tensile stress not 
g)'eater than on('-s(,Y(,11tl1 of til(' stn's8 in ('ompl'eSSiOll perpendicular 

FW'(;HE au. Harlin! tpJl~iCJIJ ~1Jl'{'illll'1I ill jlo"itiuJl, ill JlIaC'biuc aftcr h>st, rl't,~t 
is made by pulliug ('JI[b; of !'jll'eillH;'ll apurt. Xotc cirClltllfl'l'l'Jltia! cracks ",here 
(pusjUJl faillJrl' 1m,; OC'C'IllTl'd. 

to tb<, grn.in foJ' ('ouifpJ'()lI;-; ~J)('('il's :llId (JIIP-six( It of (ll(' ~(r('ss ill ('Olll

IH'('fisioll for 1I<11'<i\\'00<1 ~p('('i('s. 

TESTS (n' HAI)JAL Tm.;slO:-; 

TlJr l'udiid ({,Itsii!' :-;(1'<,,,;-; tlwt ('ollid J)(' (,XI)('('(('<I in :Ill uetuul ('ul'\'pd 
lllC'ml)('l' wus ('bpI'lwel ill a f{'w Spl,(,jnl tC'sts. TlH' f01'm of sp<,eimen 
und lIl(;'thod of ('st. a./'(' sh()\1 11 in JigllJ'p :~(i. 

The spt'einl('IIS w(']'(' of sOlltiJl'J'J} Yl'lIow pill(, with l~-il1('h lamina
tions glupd with ('u:;pin glu('. Tll(' 1'1Idius or tbe COIt('UI'C fuce wus 
15 h1('hps find. tlH' l'Hdini (\ppth of till' SIH'('jnH'IlS was 2, 4, or (j ineh('s. 
SubS('<jUPllt to tlw tps! of th(' clIl'Y!'d sjl(,(,jJll(,Il, minor speeimens 
(these minor SI)('('iJllPlls WPI'P mn<ip ;;0 t lint (\H'J'(~ \I':lS It glllPd joint 
1lt the (,1'(JS;-; s('dioll oj' IllillilJllllll :tn'n I ('\I( fJ'OlIl (ItPIll 1\'('1'(' h'sted ill 
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tension perpendicular to the grain according to the method illus
trated in figure 35. Results of all the tests, together with minor 
tests from straight specimens Nos. 198 and 200, which were matched 
lamina for lamina, to curved specimens Nos. 197 and 199, are listed 
in table 23. All the curved specimens failedinl'uclial tension. Owing 
to the thinness of the laminations and the use of hand clamps, tIH' 
pressure applied in gluing was not well distributed, which probably is, 
l~t least in part, responsible ill the minor tests for the cITra tic valups 
in percentage of wood fuil1ll'e and in strength. 

TABLE 23.-Resulis from le.sls oj mdial lensz'on in Cllrl'cd members and fr01l1 le.sis 
-in tension 1)erpenriicular to grain on minor .~peci1l1en8 

:'lrllximulll I cro~~ ~~~{~{:~-·I-~fIlXjll1UJII 
('un"l'il lut:'Hllwr str('~s in ! .. _ .... _ __ stress ill 

rmIiol ten I radial ('n1 Width I ])l'Jl[h sion 	 Width.ID('pf h • sion 

. ' 1-------- -.-- !'--- --'•. , : IPOl/nds p"r :J>oumhi!Jfr 
II IllCItUi I' iTi.clits . sfjUaTt i71rh 	 1l1ch(s lndlt,fi. .Wjllflf(' illl'lt197 __ 2.2:J 2.10: 206 2G:!. _ ~_~_~_~_ .. ~~ __ 2.24 2.(}' 1f.i3JUs_ 	 20:L ._~.~. _______ • __ .. I' .. -~ (:1 	 2.24 .J. ox 1H2')-, .)1) I "1 0 2(14. ____ .IO!! I ... ~ - IJ• - ... , _ 0 _ 2.21 4.18 IXIJ?1I1-	 tl) 2{):i. _. ___ ~ 2.2.1 G.!!5 !X2 ...~'OI. q ')·1 I 2.H! 206_ ._ 2.23 G.25 24U 

~rinor SP[lcimrns ' ~nIlor sIwrimpl1s 11\'1 inor ::;pcrilJlC'flS 1\Iinor sppciJI1C'ns 
[roul lJlcmbt'r lUi frOIu ment bl'r 19h 11 fr0111111CIIl h('r JUt! from lllCm lxor 200' 

Stress Wood Strpss "'ood Stress Woor! Stress Woor! 
in .t~n- failurl' in .ten- failure ill 1"11- failure ill. tCIl- failure 

__________1> __51_0_11_ illjoillt SlOn injoillL sirm ill joint SlOn in joint 

I Pounds ---,~--- POlI'nris . --- Pounds _. ---, 
;plr ,~f}uarc piT .\'fJ1IUflr prr ,l;fJUUTlI" j)lr ."IfjUQrf! 
\ inch P(fctrlt I' inch jPtT<'{ Til 111ch j'(rCl lit I illch I PUC(''IltL 	 . , JOn 0 21J j{j(J i

i. 

1~1 I3IJ 272 :J5
2.. I aii no I :m4' HlO :H2 un : ans !iU:1 
L I :J55 51 1.i1 I If> ·1112 I !l5 > 4·[2 :JIJ 

300 101J :HS !I, 325 I r, 1 3tll in 
,j- 393 ~[J 5li2 ·10 ·120 [, :!SU 100

" ;18 1~~ I jl~g ~~ ~~J, ~7, ~~g ?Q 
520 ,j(J I 2-15 211 2S':i 15 alii) ,la"!I 4~:; lUU 4~5 I, I;'s un 53~ 20

III ~ O. ~ n ffi rn 0 ~ 
II las 2 I '12fj :15 r,2:J 21 30X 40

air. llil1 . :12, IiO f70 foil , 4:14 UOft~ 

:~~~:!!~'t~~~, a~;~~ug;;~'rr('nt ~ -_. -I~i---' --aJo,'--'-I---I-Ia- --
failllr~·,--.____.__ :l!IU ·-~-I 3211 I :122 __ ._:!-.-__!~~::_~__I 

---- -".- . 	 ; F~J~llJlll'JlJ- : From ]tH>m~ 1, FrOIlllIII1Ul-/ FrOJJ1IJlC'm .. 0, of'rotH lJl(,JU-1 Ii'rom !JlC'rn-
I 11I'r 2111 hl'r ~02 ber 203 I)t'r 204 her 205 Ill'r 200 . 	 , 

Minor SIll'('iIll(,1l 

L_ ... _._ ... 
~L . 
:1. 
t 
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The values of radinJ stress when compnred with the value of 11bout 
45 pounds peT SqWl r(' inch thn.t \\'olllcl be derived as allowable for 
sout.hern yellow pine by the I1wthod nlrendy outlined, namely, divi
sion of the aUownble stn's,; in compression perpendiculal' to gl'ain by 7, 
indieHte fuctors of saf('ty of :~ \~ 01' more. Factors Ht least this Inrge 
are desirn hl(' becn use of the possihilitie,; of im perfect glued joints n,nel 
of checking of members in sel·\·ice. ' 

LONGITUDINAL SHEAR STRESS 

Longituc\innl :;Iten,r was the primal')' fnilure in tests of 29 out of 
201 membel's of :;outhem ~·t'How pine. \" alues of the com pu t('d 
shefil'ing :;trpss a.t failure in these instances l'fwged fl'Om 16::! to 78(i 
pound:; pel' :;qUtU'P inch with eight values below 250. The ayel'uge 
was a54 pounds pel' squiue inc-h. 

The slipur-tpst ya lut',;, a ttaill('d in t.1l(' r('mnining 172 tests n,t thc 
time the member fnil('d from othpl' C'uuses, nl'p distributpd ns follows: 
5 below 160; 45 IwtwePll 160 and 2:iO; 77 between 250 and a50; 4;) 
bptWN'1l :150 and 720 poulHls per :;qual'p illch. 

Of th(' C'igh t shpar fniitll'ps t,lH1 t o('cUlT('d n t n strpss iwlow 250 pounds 
per squure inch, five WPI'P ('Ilti]'('l~' in til(' glup lim'. In t,hrpe instnnces, 
joints in which failul'e oc('uITE'd \\"('re ohs(,l,\"pd 1)('1'01'(' Ipst to be pnrtl~ 
open. 

ThE'sE' lllE'mbers werr glllpd in tIlt' La bom tory shop wl1('I'1' telllppr
HtUI'(' is not :;ubjrd to tll(' rpg-lIlntion tltnt is IH'rded to illslll'e ('on
sistpntl~' good gluing with animnl ~due, whie-It wns thp type used. Thp 
lnrgp Ppl'('plltag'E' of glue failul'ps in :;0111(' of tl\(' joints is attributed to 
tllP prohuhility thut llnfl1Yo1'ublp tempel'nture ('onditions obtn.ined 
nt til(' time the joints were glupd, In nl! prohnhilit,y, howp\'l'I', the 
gluing pructice fol\o\\"('(1 wns bpttpl' tltnn ohtnins in the usc of n.nimnl 
glue in the nVl'mg(' ('omlllerci.d plnnt. 

Somp of ttl(> g-Iue failllrps were prohnbl~' due to Oil(' partieular fcn,ture 
of the pl'oC'('(llIl'p in gluing. .EnC'h llH'mher WilS glued in two or morp 
instnllments. Lnminntlolls WP1'E' :;prenci with gLue (on both faces 
f'x('ppl that next to thp fOl'lll und til(' outer fucp of thp inst In,millH,tion 
of tht, instnllnH'nl or gl'Oupl and pinc~'d in propel' order in n. staek, 
nfter which thp group wus t,lIrnpd :;0 tha t tht' wid ths of thf' laminations 
wer(' \'l'I'ticul. Th(' g'l'OlI[l W!lS tht'n drnwn ug:unst n.nd clamped to 
tht' pn~('pding group, till' pxpospd faeE' of which had bet'n "'])l'pnci with 
glut'. 'Yith this nlHniplllatioll, joint" between groups \\'pl'e open 
longpr 1)('1'01'(' clulnping thun \\"('1'(' those hd,ween the laminations in n 
gl'Oup. Thus 1II('I'p WilS Inor(' c1Htllc(' 1'01' g-lue to drain fl'om the joint 
hplwpPII groups nnd for til(' giu(' to Iw Idl'('ctPlI b? unfnvorn,bll' tem.per
Idun' 01' otllPr conditiolls. Tile joints that were found to b(' impel'
rpet })('fort' test wel'(' het.w('('n gl'ou ps of luminH tions. ('asein nnd other 
ty]H'S (,.r glu(' sui In hlr for usp in building lamina.ted members do not 
I'l'q uil'r RtICh clos(' I'('guln t.ion of tempern,t,urr, and, with rensonn.blC' 
CHI'£, in ('ont.roLling gll1in~ cOllclit;ioIlR, poor alld weak joints are ("'on
siciCl'n.hly Ipss likely. 

MHtpj'inl for glued Inmirwtrd members, bl'ing or sll1Hllpl' dimensions, 
('hecks less in dl'?ing I'hml do lal'ge timber's. ('ons('quentiy it might 
be thought. thn.t higher "nlues for hori;.:on tn.! sheaI' could be used ill 
designing ~uch 111<'l1ll)('1's. 1-I0Wp\'(,I', lXIpthoc\s and procedure that 
are ordillurilv n,vniln hie for glui ng In.l'g(' nwm hel':;, plll'ticl1ln,l'ly ('.U!'ved 
ones. are 110t SUell liS to insur(' that glue joints will lLiwn,ys be pOl'feet. 

" . .... 

..... ., 




... 

l> 

:. 

THE UlXED L.\:\lJ:-; ATEIJ \I'O()IlEX .UH' II 57 

lInd contill lIOUS, Tl'sts hn \'(' showl\ tbn t disroll tilluities in she1Il' 

I'esistin~ Ill'ens (/7, ;t(J) ('UURl' \,pry high <'oll(,C'lltl'utioll of stress, Henel' 
it is suggestNI tlwt ill tl1<' drsigll of glurd IUlllilllltrd 1Il(,1ll1}('l's thl'(,(, 

fourths th(' ullit sh(,HI'-stl'rRs \':lIl1(,R thnt liun' b(,(,11 RPt up HS bnsic 
for stnl('tunll tillllwl's (tnhlp :Z-l) lw usrd, 

TABLB 24.- HII ..,ir .\11'1."-' I'IIl/l(8 ; (III' /rUlli/if/iN/ 1I'1J(l(hll cl,,,,,It'uclill/t in POll1lriS pe,' 
,~q/(II),(' inch [il! /)( IIlll't! 1I1l1!1 a/ill' /lwtl(ficlIliml (IS illdicated ilt Ihf accolnpanying 
lexll 

.. ~ ~-~ --~--~ ~~- ~ 

('umbitwd 
lJllfldin~ ~lltxi·Culn[lrI':-.- CompTe'S·nnd (,OJll~ mum ~[odllius 

~ll(jeif'f, pr(>~si"l' longl· orelns,~ion Iwr· ~i{Jn par· 
pen,\i('ulnr allplwstrC'ss in IU<1lnnl tlcityto grnin J!rnin\'xtr(>uu' !'<lhrnT 

tih"r 

\1, f2' (3, (·11 (;" (Ill 
~.-------- ~~--"-

SoftwomI5~ 
(·eclar. ~·\lnska 1. ·!tin :U)fl l,OIll; 120 I. 200, IHXI 
C'(lflnr, nortlwTn arId sOllthrrn wllit(· !.UOII ti;! 73:l u:! .'UU.!lUI)
C"dur, Port Orrord 1.Wfi 2.111 1. 20() 120 1. 2()O.O(){J
Cednr. wpstt'Tn T(IILM !.!!Oll :!lIn !l3:1 11)1; l.oon.t1(~1
C'yprcs!'. :;outherIL~ _ 1. ;:l;J :10(1 1.·lnn 13:1 1. 200. ncnl 
T>ou~la~' fir. t'O!lc;t f('[.riuT! ;!,OllfJ ~~2.i t.-IW; 120 1.I;lX',IIIKI 
"!)oug:ln!' fir. H{H'ky~r()Ulllaill T(I!!iol1 l.Ui!1 ~7r. I,f)(j{j 11:1 1. 2'~I.IKJII 
Fir, ('uuUtwf('iul whitt, 1.11;" aOll ~133 II:! 1. ](/0.1101/
Fir, I>n1,ulI1 1. ;~1I1 !.ifl 1133 na 1,1100.11011
lle1l11upk. ('nstern, :.Ilill :101' !I:l:l Ha [, tlKl,lIlM'
IJ('lIlloc*k. western 2_ 1.;'1:1 :lllll r.20u JOn I. ~I)o. 11110 
PitH', w('stern whlt("" utlrtlwrll \\hitl'. 

:--lIj,wr. nnd pondl\rll":'u !,:!pjJ :!:j( ~. !lUll II:, !.lJUII.1I011 
Pine. rl'd. tWI, :jOIl :.llfili 11:1 1. ~~I().lJllil 
PilIP. !'ollth~rl1 ~,;elJrm 4- 2.1100 :'12;, I. ·lllli Wi 1,1:00, iii II I 
Pilw, southern ,Ytlllow. t1<'Jl~t· ~.;l:l:l :I,ll 1.;11 1;1 1. fiOO. 01111 
HedwfJo,L :, lion 2.:/11 1.:1:1:1 'I;{ I. ~~)[I. 11011 
~1)rlJ('p, EmnihnulHI ;.111111 !';',"; ,no ~ ,;1 'Oil. 111111 
~pru('(l, n1d. wldtt'. UIl-d ~itka '. ,tIt. '2511 I.lIfill Ila 1,200,IJIIH 
Tnmnrnek ..1;/111 :1"" 1.;I;j:l 121; f 1.'mfl.f)1I0 

flar,I\'dJods: 
.\.;;11. C'Olllllll\f{'iu) whitt, , "\Ijl~ .iOlI I,I/iti It;; 1,500.11l1li 
.1,",l>hll'k 1. ,l:t; '!In! ..,/il. I~~J 1,100,000 
Op{l('il .!.IIU!I ;'110 l.fiOO Wi 1.';OO.1i1l1l 
Bir('lI. fiW(>N nnd yl'lifm. :! tJlJn ,')UII 1.1:00 Hi; 1. GOO. 000 
('hrstnut l.:!iifi ;11111 1. OW; I~O J, 000. (JOO 
1':1111, rork 2.111111 .iWI 1,1:0' lti7 1. :lOO. 000 
Elm, .\HlPri('U1l and ~lipp('r~. tll;lt 250 1. 0(;11 1:1:1 1. 2()O.oon 
(tUIll. hIU('k nnd [(Id 1.,1IH1 :1011 l.Ofili 1:1:1 1.2(){J.!lOO 
II iekocy. t rtH' II nil ['('('.'111 ~. fi:l:; Olll! 2. om 1~; 1. "00, 000 
~rnpl(l, ~lI~ar Ullft hIm'" I' 2.000 500 1.1i01l JIi; 1.000.000 
Onk, romnwTI'ial r(lrl HlH[ whit{) 1. ''1J;I, 5()(1 1.:1:1:1 HI';" 1. UHI, 000 
,(,up!,!" 1.101; :1011 1.0Bli 1:J:l I. WO, 000 

for mellllJ(>r~ \\ iUI huuUlutiOIl!'-- ill \ ultlJ1ll'~ .,1 (llid (. !JI. rrl' of c·lmw·grnill£'ll mutt'rhl of I )lHudas fir from 
tIw P{l('ifie roast n'J!joll, ~nuthl\rn Yl'llow pinll , or fl)II\\ourl. \"Hhw~ ill ('OIUHHI$ (2) G~) nud t-I, WHY 1)(\ increasNI 
~'10. Ciose-grnined llIah'rini is defincd a:-: rollow~: nou~ln~ fir from th~ Pnritic' ('OlL."n rt.'~iOJl and 
sQutiwrn Y(lilow pilIP ~hulllL\'(iruJ!(l on Oll(l NItI or tIl(l otli{lr of tlu' pjN'!~ nol 1(1:-;<.1 thnn fi nor lIlorp thnn 20 
nUl1l1nll-!rowth rirH!~ !Jt'r radial ill('h. Pi(l('l"~ n\'t·n~/.!iH!! from oj ttl ntlll II ltuI ring'S 1"IC irwh to Iw lU,'{'('ptfl(I U!'i 
till' equivnient nf('}II'itl grainCld ifhnvill.l!on('·third or 1I10r(1 sUtlulIl'rwo(J(l. Ht'llwo()ll ..:llllll t\\'Cnlj!(' 011 onl~end 
or the other not h'~" thun 10 nor mOTlI thaIJ 2.1 (lulHml ~rowtb rin~~ IJtlr radial irH'h. Foc IHPJJ1h{lr!' wilh Inmi· 
nations ill VOIUIlW~ A nnd Cofd()mw I>(jttgla~ nr or dC'II!'!(' ,;olltlU'rn ~111I()w pilll', \'Ihll'~ iu ('oluJllIIS (21, t:ll, 
!·H, awl (5) may Ill' iIIC'r('nSfld 11;. Dr'II"!' rnntrcinluf lht'!"f' 'pt'('i~'~ ... hall an'TII!!l' IIU IHH' pud or Ihf1 otllpr 
not k'ss than GHllIlunl ~rflwth ring" 11('r nlilial hl('h and ill ulj,litioll rIol It,!,--s than OJH'·t1lirll sltlJllJwrwnnd 

2 ~\Iso SOlll u!" Wl'st ('nasi It(lml{)rk~ 
.\ I~u sold ns. (dahr. whitfl pin l ', 


I :\lso sold ns Joul-tlrllr or ,hortlf'af sfJutlH'ru Jlirl~. 

5 Als() sold as whi(~('hn 01' "'II "hl1. 

',\150501<1 us hor<l IIInp1e. 

Tn tllP test or huH-HI·pll () 1, tilr 1ll:1xitnul11 slirnril1~ "tl'rss when 
fHilure fl'Olll otli('1' ('UUSP:-; ()('('ul'l'pd \\':1:' ·II:~ poulld:, P<'I' ,.;q U:lI'(' illcli. 
III D--2 tlir Ill:lXilllU1I1 ,.;tl'(I";S wns .~~{) poullds prl' ,.;quul'r illeh wlien 
fnillll'e o('eul'l'Pt\ hy 1()I1~illidill:l1 slip:lI' lhl'()u~.dl :I hull 11Oil' Ht t1w 
lower end of the li.lelllb(~I'. Thus t1WI'(, \Vns Ii. fadol' of sli~htil~ less 

http:lhl'()u~.dl
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than 4 with !'eRjl('et to tll(' d(,Rig-ll ytlltH' of 110 pOllJ}(l~ 1>('1' sqUll!'P illC.1I 
whieh would lw oiJtniI.wri COl' ~outh('l·tl Yl'llo", pill(' by 1l1ll1liplyill~ thf' 
basie vnhH' of Bli pOlllHls PPI' ~qllal'(' illel, i {'OIUlllll ,J of tablp ~.f I by 
thJ'e('-fourths us stt~~('st('d ill thl' prp('('dillg pal·tI~l'tlplt. 

MODl'L1:S O.F ELASTJ('ITY 

.\nlilahlp dutu iwlll'nt!'. ill U'PlIPI':d, lInd tllOd111'1..; of l'lnsticity {jp_ 
('I'P:\:-;('S witli illC'I'(,:J~(' in ('II/'\":lll1l'l' ilub]p" !l unci ~J. Thl' illdi;'l\I!'d 
(l{'c[,PHs(' i.., ";0 ";lllllll n~ !lot to 1'(,«1Iil'(' 1'()Il~il]Pratioll iii (,Ollljlllllltioll" 
or tlw dpflll'/Ill1lioll OJ' dpllp{,tiolJ or 1tH'lldH'rs. 

LlMITATIOl\'S IX DESIGX 

RATIO OF DEPTH TO WIDTH 

'I'll(' sll'('Ilg-1II u/Jd "'Iilrll!'s" of U llll'lIlbpl' "II iJj!'('1l·d 10 1)('IJ(liJl.~ l:try 
tlR tlIP ";('('O/HI Hnd third POll!'),,,. 1·('.... I)(·(·li\('ly. or 1111' dppt!t. \\II('I'PH"; 
both \111'.1' H~ I'll(' lil'st ]lO\\!'r or Ill(' \I'idth, ('Olh!'ljllPlllly, til(' ,l/llolJIII 
of mllt('I'ial l'<'qui!,pd fo/' ..;tn'Il!.,!·lh UJitI sljfrlll'''~ i" Illillillli%pcI by IIl:lkillg
tl)(, tipplll as g-n'at :I~ otllpr "llll ...idl'l'1l!ioll-' \\ ill pl'l'lllil. Ik('IIII~(, uny 
1'!tUtlg'(' of ('Ul'ynllll'l' Illld!'1' IOlld ""lIlIlly 1Idd ... to til<' sIn's" ill 11 l'UIT('d 
1lll'1lIIJPJ', tht· llwxillllllil n!llIinuhl(, "liJl'III'''''' i ... dl'..;iI'll hl('. 

Fn'quPlltly. 1'('~ist:IIH'(' to l()lI~il1l<lillal ..;11(':11'. \I Ili('" ill llU'llllJl'l'''; or 
I'P('!<lllglllal' ,;p(,tioll i" ]lJ'O]lOI'tiollnl 1(1 ('I'O""-"I'('liolllll 111'1'11, limil" til<' 
d('plh of ..;tJ'uig·li! l)('llllh. :-;11<'111' i... 11'-''' liL'I,\ til h(> 11 lillliting' rll!'lol' 
ill ('111'1'('<1 llH'IIlIH'l's. 

TIJ(' ('XI(,111 to wlliell Slrl'll!!111 alld -.li(I'I1<''';" ('1111 be· ill(·l'!'l1..;(,d 1>\· 
iIH'n'llSing tlil' d('pth aud dl'{'l'('lI-..ill~ (1)(, \\idlll 111'11 1lI('lllhl'I' i" limi!(';1 
b('(,lIlh!' lal'g-I' l'a!io" of d!'pt'll to II idtlt l('lId III la!l'nd ill";ln/)i!i!,\" IIl1d ttl 
f1liltll'p by (wistill!! IIlId 111((,1'11] hll(·I·dill~ HI londs 11''''''' (lHlII tll<J~p ('0111
(llltl'd b.\; tll(' IIsln'd !'OI'lIlttla-.. fol' lip:\lll';d "tl'!'ll!!tli. TIl(' cI·itil'IIIIJ,Wk
ling load d<'I)(llltis!l1l thl' lI10dlllll" of ('!II"tiC'ity IIl1d IlI<Hlldll..; of I'ig'idity 
lill tOI'"iOIlI of III(' IlI<J!pl'ilti, til(' IplI!!th und (·!'os,---.!'(·tiollul diIIH'IISioll" 
oj' tilP 1I1(,1I1hl'l', lo('utioll ()J' di~ll'ihlJli()l1 ()f IOlld. lind lli" \I a\' ill ,dli('11 
111(' ('lid ... ulltl I'dgp" of Ill1' III PIlI I11'1' 111'(' ""]l]lol·tl'd alld j·(,S!I·UiIlPd. 
FOl'lllldu ... 1'01' !'I'itil'lil lo:td Itll\(' 1)('1'11 dp\t'lo]ll'd 111l'ol'l'lically <llld 
d1('('k('d t'XI)('J'iJIIPllt:dly for ..;('\pntl ('()lllhililltioll~ Ill' Ihl''';l' fll!'ltJi·... ill 
:-;tr:li~lil bl'HlIb 1.111. lip, lij!1 !I;!,. .\d(,<{I1<111' illfol'lllnlioH Ul()ll~ 
simi]m' lilll'''' 1'01' j'lInl'd !tHollrlll'l''' j" I:j('kill~. 

('OIlRiLlpl':I(ioJI of S(llll(' "IH·(·ial Il'st..; OIl ('Ill'\ I'd llll·lllb(·I'''; 1111<1 of tlH' 
I'clation JWl\\'P(,1l dillll'll"ioll'" 1111<1 IJI)ddill~ loads II .... fOlilld ill tl'..;l.., Oil 
hNlm~ lIlld 011 1'01 II III II ... \\ilh thill olll"t:Ilj('lill~ flllll!!'!''' '!8']pu<is \0 tiH' 
sllg~!('~tj()ll tlint tiH' I'u!io of d<'p!11 10 width ill a (:11 1'\ I'd 111('111/'1'1' with 
l'crtullguhll' ('I'()~'; ~('('1 iOIl ..;it(Jldd !I0( (,x('p('d 1'0111' 1I1H'1l OIl(' pdg-(' i~ 
bl.'u(·('(1 tit i'1'l'<fUI'Jlt ill (PI·ntl,-. II" by !!'iJ,ts OJ' ruof JllIl'lills, 1I11d sholiid 
uot (';>,('p('d thl'p(, \\,11<'11 ";11<'1.1 Ill',lI'illg' j..; la(·kill!!'. 'I'll(' ](,II~th of lll('lll
hrl's tltut HI'(' bl':tl'('d ulollg' 011(' I'dg'(' i,; ]ll'oj)Hhly 1101 illljl(;I'(mIL ! 1 i .... 
sllgg-PRt('d tltnt thp r'ollibilll'd iJPlldill!!.· Hllti ('OJII]lI·('-.,;i\"(' S!I'('SS ill 1111
bl':l.('('d mpml)('I':" 1)(· JillJi(!'rI to 011(' .. 1 hil'd (ll' 1('....... of till' ..;( I'('S'" t!t:II. 
accol'ding- !() til(' Ell I(>t. frll'llill la, would ('<11"'1' In tPI':t! 1I1/(·kli llg' ill 
strnig-ht ll)(>lIlh(,I'~ of IIH' "HUH' (,j'()-.,; sP<'iloll and of a IPIig-lh (,((lI.t! !o 
th(' ehol'd Ipllgth (If till' {'lu'Yl'd mPIlIb!'l'. 

.. 


., 
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1- OR BOX-FORM 01<' CROSS SECTION 

rse of ('ross sections of 1- 01' box-form ufrords nil nppnl'l'ntly ob'-lous 
mClthod of obtnining- the required strength nnd stiffness witb n mini
mum nmOllll t of ml1 terinl in members subjected to bending stress, 
since the)' lun'e grenter moments of inN/in find greater sedion mod uli 
(Illln I'ectnngulnr sP('t.ion·; of til(> slimp urNL '!'hpir lise iE, llO \\'(>Y(I I', 
limit('(1 by tbe l'psis(:\I1('l' of w('bs to bu('kling, to I'Hdi:1I ('ompt'(lssioll 01' 
tl'nsioll, and to lougitlldilllll slip:! 1': by lllp I'l'sistnll('p of o\'l'l'llIIllging 
parts of flullg('s to bu('kling; tlnd by th(' "fOI'Ill fn.ctol''' of tlw sl'ctiOll, 

~'ORM F,\c'rOR 

T('sts (181 han' d('lllollstl't1tpd tLwt ill woocl('11 1)('IUllS thl' lilwl' strt'SS 
lit pl'Opol'liolltll limit unci tIlt' ulOdllllls of I'UptUI'(' dppC'lld Oil thp ShnlW 
01' 1'01'111 (If (,I'OSS spdioll, COllsPq U(,11 tly, str'ess ndu(,s II ppl'Opl'in ttl to 
b('HmS of I'('('(utlgulal' sp('(ioll mu"( 1)(' nllritipli('(1 h~' II f01'1ll flld·ol' t.o 
IIl:1kp tli(,1ll Hppli(,lIhl(l (0 II bP111ll wilh ('I'OSS s('('{ioll of (ltli!'1' rlll'lll, and 
(11(' usunl fO!'lllllln 1'01' in(pl'II:i1 I'l'sis(ill~ III.OIlH'nt 1)('('oll1(,s J/-ec F, {. 8., 
ill wlii('1i F form 1'11('(01' oj' sectioll: ie" fibl'I' ~(I'(';;S \'n.lul' I'DI' h(':;m oj' 
I'pd:lllgulnl' ~('('t.ioll; und ,..... spdion illOdlilus of S('('(iOIl, 

F is tnk(,11 ns IIlli(T 1'01' t'Pdllllgullll' s('('tions lIlld i~ 1e,.;s tllIIll ullit,
for 1- ulld hox-fol'lllS':llld gl'('HIPI:tlwll ullity for II ('il'l'lilnl' S('etioll (for 
whi('h it is I.IXI 01.' fot' n squlIl'P sp('(ioll witll 11'1I1lS\'pl'SI' l(lnd n('fjll~ 
:t10lJ~ n dingollul or tll(, s('('{inn (fol' whi('h it is 1.41), 

Tile fot'Jl~ fnctol' I'plntion {lhl WIIS <lP\'('lol>('<I fl'Olll H ";('I'i('s of [('sts 
Oil Illcllliwl'S similar ill ,.;i%:p to 1Iil'pluII(I wing 1)('HIllS, TllIlt it is appli
l'ubll' (0 su('11 Itll'gPI' 1I1(,lllhpl's liS Ill'(' 1i('I'!' IIIlc\PI' ('ollsi(iPl'ntioll it:IS llot 

hp(lll c1lPckpd In- silllilHI' S\'stpllwtic tpsts hu( i,.; illdil'tI(pd h\' Illlll1CI'oUS 
oh-;('I'\'ntiolls. 'Titl' fOI'IIl'ful'(1I1' nt Pl'opol'liollHllilllit h lS iin~1l by tli(' 
ro\lo",i Ill! ('<I 1I1i tion: 

F~ n,M'; , ().-l~ [1\- II Ii . fl, 
wh<'I'p I' is titl' rOl'lll fn('(OI' of n s('('(ioll ('Olllpos!'d of two f1ullg-ps alld 
011(' 01' Il I01'(' \\'phs, til(' r:ltio of titl' totHI widtli ()f \\"('hs to (1)(' width 
"I' th(' sP('(ioll h('illg I, \'ulu('s of A c\l'pPIHI Oil rI, (h(l I':llio oJ till' d(lplli 
Ot tlH' (·olllpn·ssioll f1ullg!' to (1)(' (ot:d d('ptit lJ('('onlil1g (0 tit('rollowillg 
tn hulll tioll; 

" f; rl 1\ d 1\ 
n,IO 
,I;, 

O,()I\;, 
.1 ;'i, 

ll. I;, 
.;,0 

n.li(j(J 
,i·H1 

Oi,; 
,,>0 

O.UiO 
,u}o);, 

.~() 
'r._.J 

.ao 
.~ao 
,a Li 
.100 

.:J,j 

.1\0 

.0:, 

.'>10 

."'I,i 

.H~[) 

• ,>,j 
,un 
,!l;, 

,Hn;; 
•1)$):-1 

1,000 
,:l,j .100 .iO .H,j() 1. Oil 1,000 
.10 ..-}/.) 

l'lllikp :-;ll'(':-;S. IIlOclulus of ('Ins/i('il,\' is illlldl'('('(('(\ hy tli(' slli1p(, or 
fonn of ('['O:-;S s('('(iOlI. ('OIISl'qIlPII(ly fOl'llllll:ls for (lit' ddl(,ctiollR dlle 
(0 bC'lldilll! S(['P:-;S J'('quiJ'(' llO Illodific'ntioll IH"('HUS(' oj' tlil' shape of the 
(Iross sPetiOl\. 

TUICK"a;SH OF I,AMI:s',\'I'IONS 

TIH' pPI'Il1issibip 01' desil'ul>ll' tbi('klll'ss of latllinations is nfrpetcd by 
,,;('\'pl'nl ('Ollsi<lC'1'U tiolls. 

Thl' :;tn"ss in<luc'('din I)('ndill~ lUJllinntions I'DI' (,lIn'pd 1l1l'llli>el'S is 
pl'Opol'tiol1nl (0 til(' 1'!l(tO of tllic'kll(,ss oj' 11IlllillU(ioll to 1'l1diliS of ('Ul'

g 'file l(*~t .. rtl(('rrNilo nhovc d('UlOUslml4'(j rllllt till' hJrJli flu' Ior for llIU(lulu~ of rUllLllft' h Il·t;S tllIul (11Ilt fur 
'ar~s,,; lit jlroportiol1nlllllliL, 
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\"ILture. The test.s discussed herein demollslrute thai the l'ff('d of 
this stress (Ill the strl'll~th of thp llll'llIllPr is I('s~ thnll mi~ht 1)(' pxp{'etNI 
from its magnitudl' hut it i" lleYl'!"t,h('I(,ss 1I('('l's~ury pl'ogl'pssin,I)' 10 
reduee wo!"king ::-.trl'SS tiS tI,is rutin ilH'!"PlIS(,S, \rhm tlf(' ('lIl'nttul'p is 
fixed it is pm,siblp to USP thi('" 1:1I111Ilnti()l1~ with ('()ll1pnrntin'ly 10'" 
woddng nllups of IIt'xu!"ul .;tn'ss or tbillllp!" lnlllilllltiolls with cOI\"i<l
eruhly higher ';(I'('';S('S. If 11 lnrgp 1I1111l1>P!" of thi('kJll'sSp~ of IUlllb('I' 
werp rendiiy !lyuilubll', it would hI' possihle to ('hoos(' thp ll10st ('('ollomi
eal one ill l'plutioJl to thp ('lIn'allll'(' 1I11d til(' ('o~t of PI'PIHII':diol1, as";PIII
bl) .. Hnd gluing as ufl'pctpd hy thl' 111I1Ilb(,I' of I:illlillHtiollS, 

Stnndunl thi(,\.;.II('S8('S of 11I1llbC'I' nre. hO\\p\'('I', slwl, tltnt, wi!itout 
spe('inl s:miqr. cltoict' is lillliu'd to 1I0111i1lUI l-illc·1t 01' ~-jllc'h ~t(l('\.;. 
",ilieb. wll('JI sliitably slI!"f:H'('d, \\'iI11l,1\'p :lC'tllnllllil'i,lI(,ssl'S of nppl'Oxi
lllutely :l~ 01' II,: illCh('s. 01' to lIlntprinl (If IlOll1illnl ~I~ ill('Il{'s O!" gl'l':ltp!" 
thielmess. COIlSl'q 11('11 tly, it is cssl'lItiul ill d(>sign to adjust ('lIl'\'utlll'e 
to ,.:tnncllll'd tiliekll('s';p" UII]('';'; it b ['oulld tllllt "I)('('inl tl,i('kness(,s 01>

tnillPd In' I'(',;uwing stulldul'd thi('klI(,s';('s 01' othl'l'wj.;l' :11'(' ('('OIlOllli(,:l1. 
Prcs:nil'p llpplip(1 ill gluing "llOuld hI' ('()f'!'('ln tl'd to t h(' \'iscosity of til<' 

glut' in ()1'c1P!" to i IlS11 1'(' do,.:t' {'olltact 1)('1\\'('('11 "111'1'11('(''; join('d :llId .\'('1 
pl'J'Jnit tl thill and ('olltiIlIIOIl": filill of gillt' to 1't'lll:lill ill till.' joint. 
In,;ufIki('lIt pt'P":"lll't' and tbi('" gillp, 01' PX('(·"..;i\'(' PI'('S"IIf'(' :111<1 thill 
,!!lup, will (':lIh(' inl'('l'!ol' joillt", I 'ollsidpl'nldl' \\ :lI'P, :tilt! t \\'ist ill 
('olllJHlI':lti\'ply thill lUlllill:ltiolls (':Ill hI' 0\ (,1'('OIlH' by JlI'('SSII\'(' \\'ithill 
:I('c'('pt:ll>lt' lilllits hilt tllp..;tifllll'ss:llld tOI'",ioll:lll'igi<iily of thi(·\.;. 1:llllill:l
tiolls Ill:)kp it dilli(,I"( to hl'illg \\:lI'ppd Ill' (\\ i..,(,<1 ""1'1':11'(''' togl'lh('1' 
wit'hollt ('xl'('ssi\'p PI't'';SIIf'(' ttt sOllll' Jloillt-- :llId iIlSIIJIi('i('lIt JlI'(''':'':III'(' Ht 
otli('rs. .:\Iso. ,.:till' 1:lIl1ill:ltioll,.. 111:1\', Il\ I't't:lillillg :t t!'nc\I'Il('\' til 
,.:tl'uigh t(,11 , put U "traill Oil till' glllC'd Joilll' \\h!'11 tli!' ;·1:1 III Jlillg' PI'(,~SIII'C' 
i,.: 1'(·I('lIs('<I (,ll:IlIg(',.: illllllli';IIII'I' ('Olllpllt :llId ill IlIoi"tlll'(' di"ll'il>lItioll 
dUl'ilig sP:lsolling ~'lbs('qll(,llt (I) gl IIi II,!.!.' ulld dlll'ill~' ,.,(,I'\'i('(' :11'(' 11101'(' 
lik!'l." t() (':til":!' oi>j(,(,tiolwhl(' Hlld \\('u\.;.l'llillg ('h!'(''''' if' inlllillUti()lls :11'(' 
thic'" thall if tl1('Y Uf'(' I'Pl:iti\'ply thill, ('Illl,,;p!jll('ntly it i" cI('~il'lIhl(· 
th:lt Inlllilllltiolls 1)(' or J'('lIsolluhl(· tllic'''Il('';~ lind \\ith 11 Illininllllll 
HIilOUllt of' twistillg :l1lc! wll!"ping, TIJ(' IlW\illllllll thic,kll(''':s ,)1' pip(,c'~ 
thlll rn:ly hc' ":/iI'!'l,\" joill('d hy ,u:lllillg I'll" !lot hl'1'1l dl'tt'J'rnil]('d Illll 
gl'IlPI'nl I'xp!'!"i(,I!!'!' slIgg('st~ (hilt tlI(' h,lZtll'ds of pOOl' .ioillt~ tlild of 
ulldpsil'uhlp dll'('killg ill ":(,I'\'i('(' ill('I'(,lIsp I'upidl,\' with ill('l'('II":1' ill tllid~
II{,SS. :-'lost Ill' til(' I'PC'Pllt u:111l·d l:illlilWtc'd ('Ollstl'lI('tioll ill th!' l'llitc'd 
:-It:l!,e:; hus bC'('1l bllilt lip rn;1l1 1I011lilild I -illch ,.;toc'l" III 1~IIf'()p(', \\'lwl'(' 

IlI11tr'l'inl i,.; ort!'n ,,;p('('iully ,;:\\\,II fo!" slII'I! ('OP.;ll'llI'tioll, til(' thi('I\I)('"'' 
IIsC'<I has l'ul'('II' £'x(·('('dl'<I 1',1 ill('I)('s 

A rHtio of 'l':ldiIIS to thid,n(',.:,.; of ,Ihollt 70 oi>lnin,.: .ill lli(' glul'd 
l:lInilltltC'd HI'C'I)(,,, ill th!' Lnllol':ltol'\'\ s('I'\'i('(' bllildillg, :-;\I<'I! n ":llIlllI 
\,:"11(' wOlild 1l0!, howl'\'P!", hI' rp:I~ibl(· with SOIll<' SI)('('i('" ,llId gl'lld('s 
(Ii 11IIlIbpI', IIlld n I'atio nppl'Oxilllutply twi('1' n,.; gl'l'llt ('OI'I'!'spol1<lillg to 
1\ l'!Idilis of I()(l inchps with nornillnl I-in('h III III 1)(,1' is Jl<,rilllpS d('sil'lIblc 
us n rninilll 1I1l1 , 

MOISTl'RE CON'J'ENT OF MATERIAL FOR GLeED 

LAMINATED (,ONSTlU'CTfON 


\Yood lit 1111,\' llloi,.:tul'l' ('(llr(c'nt !,plo\\':w 1H'1'('Pllt ('UII b(· ":nti-;j'uC'tol'ily 
glu!'t\ \\'itll ('H~(,ill j!11I(" 1I1'1]('p 110 \'(,I'Y (,lost' 1'(llltl'ol of 1ll0i,.,tlll'P is 
rw('essul',I' to pI'o\'id(' fot' good gluillg IIlld tlH' pl'ilH'ipul dl'[I'J'lllillllnts 

'<II 

" 

,<II 



• 


Till': (;IXJo;[l L.\:JII:\,\TEU WOOl IE" .\HCII OJ 

for the pl"Oper moigtll!'l' content of glupd IUlllinlll<·d stru('Lunll llH'lllbp)"s 
at assemhly IU'P til" e/]'pC'ts of lIloistun' on tlw hemliug of Inminntiong 
and on tlw behuyiol" of 1ll!'1lI1)('rs ill ';PITi('(', 

TIl(' dl'gI'N' to whieh lumlwl" ('Ull Ill' bent dej)euds on the moistu)"p 
('ontel1(, III g~\I1(')"nl til(' (,U1TUtUJ"(' tlwt ('un b(' prodll('l'd without 
stmill hpy()nd tlw P)"(Jpo!"tiollullilllil in('I"('tls('s ns tlH' \1loisflu'(' ('ont(,llt 
is I ()\\"(,!"('d, 011 I'll(, ollw)" hafld. Ill(' ('UITH(UI'(' thnt ('nil bp nttnilH'd 
without hn'ukngp dp('["('u,;('s with <l1'('I'(',lS(, ill lI10iStll)"(' ('OlltPIlI. 
I ('(,fI('(' 1'0)" ('Xtl'('Il](, ('UI'yuill)"('S, n nwistu)"f' ('Olltl'llt as high :IS olll!'!" 
('ollsidpra liolls p<'J'lllil is dpsil'll 1,1('. 

III oJ'(l<'r to Illinilllii\(' Ihl' pl]'!'('t,; of I Ill' shl'inkag(' Hnd ,;\\'plling, \\'lli(,1t 
(l('('tI)" with ('\'11J)[1I':ltioll Hild nhsol'ptioll of n]()istlll"<', and 10 Illillilllii\(' 
phnllgl'" ill (,lIn'Htu)"!' (p,ll!)), tht' 1l10istUl'('('(lIlI('lltwl\('1l n 1111'1111>('1' i", 
iIlst:tll('d ,;hu Irld 1)(, \\ i I hill (hp r:t Ilg<' I IHI ( wi II (I h I a i n in S('I'\' iel', \rood 
I I III I i" slwltprl'd f)"olll pI'!'('ipilnti(;n but oth!'I'wisp "ubjP('«·d 10 1I:1III1':iI 
ntlllospll('I'ic ('olHliliolls t(,lltis to nSSIIIIH' u Illoislul'l' cOIlI(,llt thaI \":tl'ip:, 
fl'ollJ n~ low lIS:-; IH'I'('PIII Of' I('s" ill till' l1l01'\, "rid to tiS lligh as I:i 1H'1'('('llt 
01' gl'plItl'l' ill Ihp 1I10l'l' hUllJid purl", of tlIP l"l1it('d :-;l'Ilt(';.;, III hpall'd 
huildil1g" till' pCjuiliill'illll1 IIlOisllll'(, ('Olllpl1t nwy h(' ns lo\\' as .:I 01' ;i 
pPJ'{'PIII dUl'illg pal'l;.; of I Ill' hptllill~' ';Ptlson, Chul1g('s ill [Jloislul'l' 
('OlltplIl al'(' ('Olls£'q[J('lIlly lJllll\'oidai>l(' ,IIHI Ihpil' pl],('('(s will hf' lIlillilll 
i%('d if IUlIlillnlpd 1I11'11Ii>('I':, \\11('11 IIlad(' lip hHY!' a IIlOisllll'P ('Ol1tC'l1t 
",ijllill Ihp I'UlIg" of tit" I'quilii>l'illlll ntlup:, to h(' pxpl'l'll'd ill ";(,[Ticf', 
('oll,;pqlll'lllly, II ntlll(' of HPPI'IIXilll:tt!'ly 10 IH'J'('Pllt would :'(,(,111 to 1)(' 
J\] 0'; I !!:l'II(,I,/t1ly u(,(,pplnbl!', II i,., tiouhtrlJi, howl'\'pl', wit('IIH'I' tlw 
11{'('p,;sily of do,;1' I'psll'i('tiolt 01' un'l'ug<' 1l1Ois!1II'(' is nili(·n1. 

Eqilltlity 01' IlIoi,;tlll'p (,OlltPll! alllOllg 1:llllill:tliol1s ilH'ol'JlOrHtpd ill(o 
1111' ..,11111(' IllpllllH'I' i,., Ill'I'II:lI''; IIIO['!, illlJlOl'tall! 111lI1I i" Ihp :t\'Pf':tg(' 
1I10isllIl'(' ('01111'111 II' adj:J('('111 IUlIlill:tlioll" clil!'!'1' widply ill thi,; l'('sl)('('1 
\\11('11 })()lId!'ri IO,U'l'tlJ('[', "ui>..;pqll(,111 ('11111I1!ps will ('/IIIS(' ()II(' 10 shl'illk 01' 
"'\\1'1111101'(' lit:tll III{' olll!'l' wilit ('OIl,;pqlJ('1I1 sll'!'s,; Oil II\(· glll(' joillt 

OJ,,;pJ'\'uli()1I of gl\J('d 1,111Iill:llpd ('ollsll'lWlioll dops lIot illdicHtl' 1I('('d 
1'01' allY ('xln'lllp ("HI'(' pilhpJ' wil h l'pSI)('('( 10 :t\'('I':tgP IIloisl III'I' ('ollt('111 
01' i Is ,;pl'!'I1(1 U Ill(lllg' pi('('p" ill t hp Sli 11](' n';';('11l hly, .\xoidu 1]('(, of l\ lIy 
:tIJlloJ'l1l1l1 ';Ill'pud i", 11(1\\ (,\Pl', dl'sinlhh· II lid lil!' gI'PlItC'l' III(' unifol'llJity 
:t lid (Iw (,I OS(' I' t Ill' ('Oil 1'0 I'll! i I \' I O';PJ'\' ic'p co lid i I io liS I I\(, Il'ss is t 1](' ('lllllI(,(, 
()I' disfi!!lIl'illg ('iI!'('''''' 01' 0111'(,), ill pl!'!'('I,.;, 

SPECIFICATIONS ,FOR MATERIAL AND CONSTRrCTION OF 
LAMINATED WOODEN MEMBERS 

'I'll(' I'ollu\\ ill,!! illfol'lIlU 1i()11 ror u,.,p ill "pl'('ili('lI I iOlls is ('(Hlnlillll tf'd 
10 llip \\(ll'king ,..In·s", \ ltiUP" sngg<'slpd Oil p:tgP" !iii (.U H7. 

T\\o !!1':Jdp" of ('Ollstl'lwtiolJ III'(' dl's('I'ij,('d; nl,,(), Ihn'C' lrltc'l'llllli\'e 
11Iplltod~ of di"tl'ibl1tilll! I:IJ)('I' ill 1l1('II1I)(,l's tlt:lt \'tll'y ill dC'PIII. III 
lilly ('liSP (liP gl'n<i!' oj' ('oll"tl'w(ioJl nllri lJIpthoci or di~tl'ihlJ(illg 11IpC')' 
"ItOldd 1)(' "I)('pi/i!'c/ lIlId il' ('los('-J.!.'I'lIiIlPc! ()I' d(,lls(' lJItltC'l'i:Ji is 10 1)(' lIs!'d 
ill (Jllt(,I' pOl'lioJls flf lit(' ('1'0"" ..;p('lioll i( shollld Iw so ,;!lll('li. 

('OlllPlIl'llti\ply 1()\\-Vl'nci(' Il1:lt(,l'i:11 is 1)('l'Il1ill(,<I ill Itll1Iillntiolls III 
III(' ('('1111'111 PIII'[ of liI(' (·m..,... ,.,('('I,ioll ill hoth gl'utll'" o{' l'ollsll'lW(iull. 

I';Q['IPMENT 

'1'1)(' i>llilti(,I' IIltlsl 1111\'(' f:H'ililips 1'01' lIli\illg :llIci spl'('ndilig g'lup 
(Jl'op<,rly, (01' IIwilllnillillg pm(lpl' IPIII]!!'!':I!III'!'''' ill III(' silop \\'h('l'(, 



gluing is done, for clllmping lll11t(,J'inl tn th(' RI)('ci(j('d presslll'(', 1'01' 

ch('cking tll(' pn'SSllr(', ulld for compktillg t.1l(' ('lumping wit'hill th<' 
Sj)('C ifi I'< I 1)(,l'iod uf({'1' SI)f'(,llding tll(' gIu(', 

SE·\SONING OF MATERIAL 

~ln ('rin I 111 ust. bdol"(' gluillg, 1)(> S('llsoll('d to a Il ,I "(,l'Ug(' moist 11 I'C' 

('Ollt('llt of I10t mOl"(' thull Iii nlld lIot Ipss thlln III IWI'('Pllt with II 

spl'('ud of lIot III0 1"(' thun .J I)('!'('('nt (If /lloisture ('olltpIII 1l11lOIlg- pi('('('s 
iII<'OI'POI"a(,('d iIllo n silH!;I(' huilt-lip 1ll(,llllwl'. . 

01\"18101'\ 01<' MEMBER INTO Y01XMES 

For tiH' pl! I'pOSl' of ,-,p('('ifyiIlg t1)(, .;('It'd.ioll and pl'('pn I'n tioll of 
Jl1tltpl'iul. IIlP/lIh(,I''': HI"(' di"idl'ri illto tlll'(,1' ,'oIUJlH'S liS illrii('ntl'd III 
fig-ul"(' :37, \\"lIpl'p ,'ollllllr' Al l'xtl'lIds fl'om olle fuc(' of till' 1lll'1l11l('1' to 

• 

• 

., 
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U 

FI<;I In: 37 [Ji\'i"llIll (If hUllillatpd lI}pmill'/' inlo \Ohllll('" .1, n. lllld (' rOl' '~Il('('- .. 
ifyill~ )Jl'l"IIlbsih[p <1pf(,(,[" III lallJilulti[Jll~ a('C'ol'<iilJ/!; to (hpi)' p(J~iti(j1l ill tllP 
tl:--;:o,{"1Ilb1y. 

U Stll'I'U('(' (.\lIlt is tI t ('nell poiu t ill tJl!' 1C'Ilg-th II t Ipust ollP-fifi II til(' 
d('pth of t,h(' 111('111\)('1' fl'O/Il tlltl.t 1'11(,(', Silllilul'ly \'0111 Ill(' (' ('xU'l)ris 
from (II(' opposi(p fuc'p to :l SlIJ'I'I)('C' thnt is nt. en'J',\" poillt III Iplls( 
()JJ(,-fifth iJ1P deptl) froIll llwl ftl(,(" rolulIH' Ii is tlH' I'('mnilling ('('lIlnd 
po !'Lio II, "'" 

PEltMlSS1BLB Dgjo'E(,TS 

Limitntiolls of knots nppl,r (0 botll sidl's lind Jilliituliolls o/' ,;Iop<' of 
gruin (0 both sidps Hlld hoth t'<ig('S or III(' 1lII1Iillntioll, All JlIlllilllltions 
;-;hull be fre(' J"OIlI slwk('s 01' 'iplils I hll t \\'11('11 \'i('\I'(,d /'rOlli tilP ('lids oj' ) 



• 
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(11(' piP('(' mnkp all Hngle· of !PSi' (lul11 :W c with (ilt' widp fH(,(,s, Sillt' 
of a kllot is to 1)(' tnl\l'll :\" till' dinH'llsioll of tLl(' kllot hpl\\'('('ll lines 
1001!'l\illg it ami pantll('1 to tIl(' pd!!ps oj' tIl(' IuJllillu tioll, Dil'C'('tioJl 
of "ruill is to Iw llH'tlslll'('d OY('1' u distmlc(' slifliciPllth' "n'at (;0 dpirl' 
mi~p tIl(' g!'))PI'HI slo]>!" local {[('Ylutiolls IwiIl!!." disl'(',!!:"l'rlpd, ~In(('l'inl 
thH t is oln·jollsh -.0 )"PSiWIII" liS to bl' likph' 1101 10 hold glut' shull 1)('
I'PjP(,tPci, ' " 


I.,\MI:-ITIO,\S 1:- \ OLI ;\It:s I ",\D (' 


LUJIIlllntioll" ill \ohtllH''' ~1 tlllt! (' Ill!l"t lInt c'Olllllill nlly pnl't {)f UI('
pith of Iltl' Il'l'P, 

\\'ItPIl luminutioll" of 1)olldll" fir, "olltlwrll ,\pllo" pillP, 01' I'l'dw!lod 
an' slH'l'iripd 10 Iw ·'I,los(,-!.!TailJ!'d" or "r!PII"l''' tlwy "Iwll I'ollfol'm 10 
till' rl'«lIirpl1I('lI(' ror (';!I(' 01' ~!'J'O\\ tit OJ' for .!';tl!' 01' gl'fJ\nll tltld P('I'_ 
('Plllu!!."(' or ,,\JJllIlH']'\\ ClOel :1" spl'('ifipC/ ror plo"c-gl':1 illPd (JI' dplls(' IllH (prial 
c' tlH'sl' sp('('ips,; 1{(,!!Hl'dlp"s "I' t IH' !!nlll(' or (·ollstrtJ(·tioll, tllP (lut('1' 
IUlJIiuHtiClIl Oil P:l('lJ sid I' of til(' 111<'(111)('1' sllUlI 1)(· of tll(' "Iltll'ul't!./, 
"I)('('i/i('d 1'()J' \Oll1J1H'''' .1 alld (' ill !.!:rud!' 1 C'(lIl"tl'IJ('lioll. 1<'111'11]('1', 
tIH's(' lanlillalioll" ,..Iwll IHI\!' a tldr·kIH·s,- lIot !l'I'I'II!1'1' tll:1ll OIl(' OIIP
hlllldl'pci-llIHI-tiftiplh of tb(· Illilli(lllll11 /'lidill'" 10 wllich th!',\' :I/'(' 1)('111. 

1,'01' !!."t'tldl' I ('(JIl,.;tI'tH,t.ioll, fllll-\\icltli Ill' purl-width 1lllllill:lliotls ill 
\ 011111 l('" .1 Ulid ( , sIta 11 Ill' 1'1'('(' f1'll1ll k1111 t... \\ bo,.,1' ... i/'p (,X('(,l'd,; 0111'-( ·igll til 
thl' \I idtli of tltl' pil'{,(' IlJIIXi1ll1l11l ..;i;.:1' II ill('jl!'''. 'I'll(' ";11111 of th(. 
"il.l''' or nil kllot" ill <'itlll'r r;l('(' ill lilly 1(,I1!!."tl, !'Cjllul I() tl1{' width oJ' tit(' 
pi!'('" ...hull not (':\.t't'!'cl ol)(·-C'i~lttlt thl' \\iclth L:llllilllltioll"; ,;lral1 br 
rl'C'1' frollt diugo(1:I1 01' -.pirnl !.!:rnill II Illhl' ...Iop!' i, !.!:1·1':lII'I' tll:lll I i'lf'h ill 
17 ilwl1l'''', \\'nll<', \\\to"" :.!Tl'nt .. "t \\idtli do('" lIot oIH·-Il:df tIl{'(',\('('('d 

t l1i('k'lpS-. of tht' pi('('p, i" pl'rllli..; ...ihll' 

fiB \hF rf 1 tl\ .... lHt t 110'· 

I"O/, !!1'Ut!P II (·oll..;tl'llC'tillll, rllll-\\idlh 01 p:lrl-wicltlt IUlIlill:ltioJIS ill 
\ IlJIIIIH·,.l alld ( sllllllll(' rr('1' frll II I kllot" who,,!' sill(, (,XI'I'('<\" IlIlP-folll'tlt 
til(' \\ idtlt cd the' pil'c'p IIwxiJlIllllJ "illl' :;1.. ilH'Il('''', Till' Slllll oj' thl' 
...i;.:l'-. of :III klwt" ilt (·ithl'/' 1'11('(' \\itltill allY 1t'llgth <'qllal to (h!' widtll 
or Ih!' pi!'('!' s!t:lII,IO! p\('Pl'd oIH'-J'ollrllt tit!' \Iidtlt of III!' pi('('p, Ln',l1
llutiOI)'; "bldlll(' 1'1'('(1 f"OII! rlill!.!:Clwd Ill' "pind gl':lill who,;p slop!' i" gTpllt(.1' 
11111111 ilwh ill J.j iIWIIl''', \\";lIll'. 11111),..1' !!('(':It('st width do(·..; 1I0t (':\('('('d 
t h(, filtish ..d IIli(,"lIp"" 'I/' I hI' pil'l'(', i..; pi"'llIi,."ihlp, 

Filii-width {If' pnrt-\\ itlth 1:llllilwtiClIl, ill \'IlIIIII/(' 11111:1,1' hll\'!' kllo{
lilliI'" Cll' ';()lllld kllot" \\ h,,,,(' -.il.«' dll(" 1101 ('''('(,pd ClIIP-lhil'd [III' width (lr 
[lIp l;tJllillUtillll «'X('ppl tlInt 110 dprp(·t" ,,1111(11)(. PI'I'lIlittpcl Ihllt ill (.('1'1'('1'(' 

"itlt [)('lIdillg' III titl' ('('(plil'pel ('II1'\'p withollt I()('ulilll'd ilTI'g:llluritirs ill 
til<' ('111'\'<1(111'(" or IltHI illt('rl'l'l'(' with hringill!!." 11I1IlilWtiull" illto ('Ios(' 
('I)nltl!'t, \\'1111(, wllO,,1' !!TC'nI I'st width do(',.; not exel'(·d [he Jinished 
tlti(·I-;I)(·...... oJ til(' 11IlItill:l[ioli i" pf'I'lui""ihl!'. 
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LAMINATIONS IN \'OLl'MES A. IJ, ANI) (' 

It may be specified tlw t all In minn tion:; "Iudl be fre£' fromkilots. 
knotholes, or wnne thu l ",illlw "jsibl£' ",IIPII the lllPIl1i>('l' is in pince in 
the strueiure. 

PREI'ARATION OF LAi\lJNATJONH 

Luminu (ioll:- will IH' sillglp piP!,£, in it'ngt hOI' will \)p built up to tltl' 
full length or (llPir !'lIlls by joining shol't('l' pil'l'PS pnd to ('nd, pI'ior to 
thp finnl surfncing of ('ititpl' sid!', h~' lll('Un" of gIupd plnill S('Hr!' joint" 
thnt cross thp thi('i-Il('sS of till' pi('('(' ill a dis(:ln('I' 1101 Ipss nl:lll l~ (ill](,:
tIl(' titi('knp>,s for joill(s in YOll1111P".l :llld (', :llld nol Ipss th:ln ti tilll('" 
tIl(' thi('knpss 1'01' joints ill YOlllllH' ('. III \'011111\('''.' ,Ind (', till' slopillg' 
SUrrtll'P;': joillPd to fOl'lli :t ..,{'nl'l' joint mll,:t Ill' 1'1'('(' frolll kllot" 01' pitch 
po('kl'ts, 

DISTRIBUTION OF .JOINTH 

JOI:-'TS I:>; T~H; WII)'III OF I.,\;\II:-''\'I'IO:-;S 

Olltl'l' Inmillutioll:;shnll hl' of OIH' pi(\('p ill width. ()(hl'l'lnmin:ltiollS 
llHly 1)(' of two or !lIOJ(' pip('(,s p1'O\'i<lpd tl1('il' widths nnd lllTtlllgPllH'llt 
urp stlel! thut iOllgitudinnl join(s in nt/jn('pllt InlllilwtiollS HI'(' sPp:ll'lltPd 
Ht IPns! 1\' ilH'lH's, Lnillil'lltion" 01' pnrt lalllinntiolls ('OlllPOS!'t\ of 
two 01' 1ll00'(' pi('('('': l'<ig<' g-Itll't\ to I'ncb O!lll'l' pl'iol' to t\rp fillnl ,.qll'l':1!'illg 
of pi thpl' ;-;ic\l' Ilwy hI' ('oll,:idl'I'l'd a.., olll' pil'('(" 

~(,lll'f joillt,., ill \'oluuH':' ..1 lIml (' shull b(, so ulTullgl·d tbnt tIt lilly 

spctioll 1)('I'[>PIHlicuhll' to thl' ilXi" nf till' 11]('[111>('1' t.h(' sum of tIl(' width" 
of tlw joillt .. ill nlly gl'(lIlP or:~ ";1[('('p..,si\,1' l:imillntioll:' "Iwll 110t ('x(,(,l'd 
til(' width of til(' llH'JlJb('.I'. FUl'tll!'I'IlHII'(', joillts ,,\rOWillg Oil I'itll('r 
l'dg-!' of II !llI'llII>('I' shall nllt 1)(, ('I os!' I' to!!;l'tl)!'l', ('('11 t1'1' to C'Plltpl', ill 
ucijnc('l1t hlll1ill<ltionsill \,llhll\l{''';~1. n, or ('thnll ~4 tilllp.. tlr!' thickIW"" 
of U sillgll' ,Iullliniitioll, 

Joints ill ('lIn'l'd (H1I'tlOIl': UI'(' to ill' n\oldpd ill"oful' U" po"..;ihll' Hiid 
InmillutiollS ill \'olump,.; .1 <lnd n "Iwll llot 1>1' jointl'd <It nll\' poil1t 
\\'II N(' thp I'udill"; of I'Ul'VUllll'!' to whi('h th('\' \\'ill Ill' IWl1t j,: 1(;",: thtlll 
\~.'i tillws thl' thi('kIH'S': of thl' Inlllilll1tioll, . 

AHHANGEl\mNT OR DJSTRlBl"nON OF TAPEH 

Thl' tnp<'l'illg of 1lll'll1bc'l''' thnt \tll',\' ill llPpth "llnll 1)(' nl·('(llllpli..,ll<·d 
by whichl'\'!'I' lJf til(' followillg Illpt hod" i" ,,;pl'('ilil'd. 

1, All lUllllll<ltiolis to pUl'nllpl Ihp ('(,lItl'l' lill!' 0[' thp 1111'(111)('1' (,\.('pPI 

til!' hlst OIl(' at ('neil 1':1<'(', \\ hit,lt "hall roll(J\\ tIll' ('l1rYntul'{' of t 1](' fu('(' 
:Inti \)(' B('c'Unttl'l,\' JitlPt! to thl' (In'c'pciing lalllillntioll'" 

~, .A group of out('!' illillillutiolls tot:c1ill:,! at ]Pus! oIH'-fifth tl1(' c\l'ptl, 
of (Iw 1ll('llI\H'1' tit tlip poillt of IIW\.illltllll dppth 01' oll('-lInlf th!' dppth 
at til<' poillt of luinillHlIIJ dl'plh to !'1l11 pnl':t1ll'l to (,U('" 1';1('1' of Ih(' 
l\l(\mb(ll', til(' J'(llll:linillg Inlllillntiolb IH'i!lg so :ll'l'illlgl'd tllilt littillg
their ('nds \\ill !lot I'('(jllin' ('llttill:,! :It n slop(, st(,<'I)('I' thnn I ill \:2, 
~uch fittillg mll"t hI' nC'('II!'n!!'ly c1oll(' -;0 tllllt a good :,!Iul' joint I'(,SIlIt:;, 

3, Till' total t:l(ll'l' to 1)(' n(l(lroxil\(iltl'ly Illlifol'mly <lidded 1I1l1011g 
nil IUIlliIIUtiOJ}H, tlw( is, PHc'h IUlllilHitiol1 to 1)(' tn(H'l'pd in thp SHill(' 
proportion,.; m:; till' nH'IllI)('I' i(..;('lf.' FOI' p"nmple, if lli('I'p :In' ~() Inilli

.. ~U(.h hltiPrilJ)!' j... prflh<lhl~ uut ft-a"'lhh' ,\ It!. \Pl(,d\\ orh lfl~ l1I'wlnw" Ulfl.' '1\ mhl,l!· "'l't',ll rOl' laU~luatHln' 
11111l I\r~ 50 shortl.hnl rlll'l! "!lull(' [.-11 lhruu~h a 1''''10''1' "" :l I'rul'.'rl~ 1:" ...... ·'1 hu"rtl. 

• 

• 

... 

) 
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nutions. purh will htl'"/' ut purh point in it.; h'ngth II thi<,kIlPSS nppt'Oxi
Illt~t('ly one-t\\pntiptlt thp dppth of tIlt' IllPmbpl' tit till' l'OITE'sponding 
j>()lll t. 

:\lACHIXING 

.\.11 "mfllcP"'; to hI' joillt,ci by dllilH! ~IHlll bp "lIl'pflllly mn<'hinpcl "0 

tlt:lt tllI'Y an' !l'llt' anci fn'(' fl'nm hlllllP'" Ill' dl'pl'I·"... i'lu.... and tlt til(' 
tiulP of ;.dlliug ...bull Ill' frpp of dll"t. e1irt. or :lJ'I'Il,..P. 

Only a \\ atl'i'-I'I'..;j--tnl!t t':l~l'ir. :.dIH'. Ill' ntilt'l' :lblP kut)\\ It to Ill' PI[lwl 
ill --tl'l'll!.!;th :lllli HlOi-tlll'l' 1'1'..;i"t:llll'l' til hl,,,t 'III:diiY ('u--pill dill'. i.. to IH' 
n.;pd. (,hll' IIIIl ... t 1,1' thol'lIll!.!;hl:--" mh.l'd :wel hI' 1'n·1' fr"ll1 il1mp" and 
from !·:\,·,.......iv., ail' bohblp... 

\pt I" ...... that. " !,"Iuul- (If \\1'1 1':I"l'in :..!irrl' PPI' lOll .;qlJarp fl'f't of 
joint lITf':]. til' I'l l'liVlJil'llt HllI!lllllt..; "I' nth,,!' r-,pl''' n..."d, ... hall hp a!lI)lil'd, 
(~hIP ...hull bf' applil'd tl> :1 tllllj'!Inn thil'klll'--- and prl'fl'l'Hbly tn both of 
til!' flll'(,~ lltl't'tiu:! at:l joittt (iitll'-"oatp,i jllt'I"'''' ... lwl1 hI' laid tlll!l'thpl' 
a.; "'O{)Il :1- till' dllt' j..; -prl'ad. 

PRESSl'RE 

.\U :..d1l!·d .ioiIlt~ art' to tll' 'llbjt'f'tt'd \\ bih' rill' dill' i... "('ttillg to U 
PJ'P"';..III't· til' lIot [1',....... rJwn 11111. }1O!' 1IL1> tlHlli :!II(I (Hllm.! .... flt'/' -qllal'P 
jzwh by fllI'BTl'" of !'!alllP'" ""1''''\ j:1l'k- (II'{''''~{''''. Ill' "tlIP!' ..:imilnr afJpli
alJ~·p~ ..• ('l:llllpjll!~ IUIl.;t hI' ('oIHpl,'!!'d \\itilill :!It llli!IllII'''' :tl'tp!' thp lir.;t gIll!' 
I" .... p!'pud if :!i11P i" lIpplil'd til horl, ral'!'" I!lI'I'till:!;d a itlilJt 01' witbill I.; 
lllinnlP'" if :!ir.ll' i ... ajlplipd to "Illy IIII!' of tl1l'''''' fat'I'-. \\"]11'11 a IllPlllb1'1' 
i~ blJilr tiP ill in..;tallflIl'lIt". PlWlt 2T";:P 111' ill .. t:dlllll'lit III' 1:1II1i[)llrioll" 
.... hull l'f'llIaill IHldl'!' P/'P..;...IlI'I' 1'''1' ilt 11':1-1 :{ hOlu'- l,pf,,!'!' hpifl:! 1'1,11':1...('<1 
tq lllle! tlll' III'\! i1!"t:dIIltl'llr 1'1'1'--111'1' ... hall hI' 1II:1inl:lill!·d at ll'll'.:t 
12 hllllJ'~ lIftp!' riJp additillT. "r tlw la.;t ilt.;t:dltllPll1 

:-:'pP('i:d 1'111'1' fIIll ... t hI' tak,'/! til ''-''!It·1' :';:000\ :.dllill!.!; II(·t\\ ('I'll .... 1I1'cp".;h·p 

ill ... tullnll'llt" "f lafuinutioil ..... ,.• 
TE-'IPERA1TRE 

TIll' j'()(llli ill \\ IIidl :llllil!e!" i~ cilJII!' "lwlllH' mailltuilJPri lit a tPJIlPl'l'tl
ttll',. Ill' .)0" F. Ill' lli:..dH'l' :'\"tl'l'i:d i,.. til b.- b/'1I11!!lir appt'll;l;imutPly 
III t.l1l' It'lll/lt'I':rtlill' of tilt' dill' rootll h.,f..n, !!lllill!.!; j-. b!'l!ll1l. 

DESI(;~ STRES;';ES 

TIl!' foJlllwill;! i" "'"~I!I·-.tl'cl :I" t Ill' Ill" Wl'cllI /'(. rill' dptl'l'milliIl!.!; frum 
tabll' :'>-l-. \\bi"1! i ... :l ta]lldarlllll of !I" ... !" \:tllll'''' lll\ap!l'c1 fl'Oll1 :1 pl'l'_ 

\ioll" PIli>lil':ltillll .;j .... In·...~I' ... for If ...1' H! tlu· tll'-ie!"l! of IHu,illatl'd 
lIlt·m])!'!'..; bllilt ill al'e'ordUIWI' \\ itll tIll' --{"'I'iti"alions IJI'P-,l'lIt!'d ill till' 
jll'PI'pdillg "pI'! iOll 

("O)IBI;\EJ) HI~~DI~(; A~l) (O:\II)RESSIOX 

TIl!' slim Ilf tIll' 1'l'lIc/I!l!! "'{I'I''''; llllli tIll' ('Olllfll·P..;,..i\(' ... tt'('S" pand[pl 
to til(' :lxis (If Illp !lIl'm!>!'!' ..;llIdl not ('x(,Pt'd thl' \ "IIII' ill tllbll' ~.J. ('O!tlJt111 
2 {incl'PlI .. pd in ll!'('(!l'c!:IW'P \\ itb footnotl' 1 \\ 1H'11 thi:.: footllotp is appli

1427J' ;1\)--;; 
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euble to the material specified for use in yo]uf)les .1 and C) llluitiplip(j 
by gJ'u<ie of ('ollstl'udion, ('lU'\'utUI'P, llnd depth flletor,; as follows: 

Gmd(· of construction Juelor,,: 
I·'or grad!' r ('Oll"trlldioll L 000 
For grad\' II cOIl..;trlldioll . S7" 

Curvatlll'(' [uetor 1. Of) :won (j(y. 
where ~ i~ th(· maximulll nt]up of tiJi('l(f)e",. of Inmillll lioll (Ii \'i(/ed b,\' 

tllP radius to which the lumillutiOIl i::; IWllt tIt thut point ill tllp l(,llgth 
of the Il)(,lllbel' II t which the str('s,; 0(,(,\11'';, t:\ 0 C'lIlTil ture fUf'tor is to 
be npplipd to stl'PSS ill u ,;truighl pOJ'tioll or tl /lH'mbpJ' l'l'g-nl'dless of 111(' 
eun'u tlll'(, else",I}('1'e, I 

D('pth fuettl/' J. 07 O. 07 , '; 

wlt(·I'(, Ic i" till' dppth of th!' JlIPllli>(>1' ill ill('I]('''; HI tilt' poillt IIl1d('I' 
('on::;irl Pl'a t ion, 

If 1- 01' hox-';('f'fioll" :11'(' l!'it'd fllf'thpl' J11l1ltipli('ntioll by tire HPJ)J'('
pl'int(· fOJ'llI flll'lol' should 1)(' Jlwdp (p. :iO), 

COMPIWSSIOK j)ARAUEL TO GRAIN 

Thp llllownbip "II'(,,,,,P,, ill ('OIlljlJ'('""ioll jlllndl('1 to til(' g-I':lin :1]'(': 

For l:lmina tioll'; of tlll' typp "pl'('ifipd for YO\1I1l1P" ~lll1ld (' .ill g-radt' I 
('on:-;lrl1clioll: Till' \llil1P !.rin'll ill (nllle, ~4. COllllllll 4. ill('J'('uspd for 
elosp-gJ'niJl!'d OJ' dpllsP lIHi(('J'inl H('('ordillg to /'ootIlO\P 1, 

FOI: laminutions of tIl(' tY]H' ..;])('cifi!'d fo'I' \'0] II IJI('" .1 lIlld (' ill gradp II 
('on:-;ll'lwtioJ]: ,">0 P('I'('(,llt 'of Ill(' \'altl('gin'll ill [Hblp ~4, ('OlllIllIl 4. 
inc'J'pilsPcI [0), ('loSI'-gl'uiIIPd or dl'llS{, lllll (pri,Il :I('col'dillg to f()otllotp I, 

[<OJ' Ituninutioll,; ~)f thp ('"llP ,;p('('ifi!'d rOl' yoll/Ill!' J( /,J PPJ'('('llt of (lit, 
",dIIP gi n'll i1l tn hk ~4, !'OlllJUII 4, wi dlOll t ill('I'(,HS(, COl' ('jos('-grail1t'd Of' 
dplisP /lIntpl'ill!. 

Till' lotHI thrllst HI am' ('I'OS!" ,;(,(,tioll ,;Iwllllot (':'\('('p(/ thp SlIlII of tli(, 
PJ'Odll!'{'; of tJlP ('ro"..; ~('('ti()I1111 HI'PI'" of IH1l1illlltioll'; of Plwh typl' 
l111dtiplic·d hy flJ(' nll(l\\:lblp ..;fl'("'" ill C'01l1jll'('""ioll ptl m 11('] to grnin fflr 
Illmillutioll" or thnt type'. 

COl\IPUESSIOK j)JmPENj)J('('LAU TO GHAIK AT BEAIUKGS Oil HADJAL 
('Ol\IPHESSIOK 

For ldl(l\\llb]!' ..;tn·,,-;('-; ill (·()lIJpn·..;"ioll P<'I'P<'ll!li('ulal' to ~/,:Ijll, till' 
\':1111(, tnkpJ) fmlll tllbl!' :!4. ('Ollllllll :{, ill('j'('u"pc/ foJ' ('!o,..p-w;r:liIlPd fll' 
dpn~(' 1l1ll!<'I'illlu('('(I/'dilll! to lootllotP 1. "llOlI!d bl' Ilspd. . 

TEKSION .PEIlPEKDHTLAR '1'0 GRAIK HADIAL TENSION: 

For ullowublp "II'('ss(''': ill t(,ll..;joll ppJ'J)('lHli!'1I1HI' fo g-I'Uill, flIp YHIl/(''; 
tnk('11 fl'om tnhl(' ~4. ('OIIlJllll :1. should 1)(> Ih('d \\'hpJ! 1Illlitiplipd by' 
OIl(>-"P\'('lItlr [oJ' "oft wood "p('(·ip,.. (II' oIH'-,.,i.,th 1'01' 1.I:.I/'{I\\ ood ~Jll'('i('" 
nlld fllrthpl' Jllldlipli('d hy Ill(' followillg- [u!'tOI'S 1l<'conliJlg to til(' typ!' 
of mlltl'!,inl al til(' poin! IIl1d(,I' ('o/l..;idpl'IIlioll: 

UHI fo]' dl'f(>(,I" I'p..;tl'ictpd :I" "p('Pilipd for \Ohlll)('" .\ nlld (' ill gnul!' 
J ('ollstl'lll'tioll: {).'i(J fo/' r/pr('('t..; I'P..;tl'i(,(.pd It,.; "pl'('ifiprl 1'01' yolllnw" "I 
lind (' ill gJ'lidp lJ ('OllsU'l/('jioll: (U;O [OJ' ddl'l'ls /,pstJ'if't('d :Is ,,])('('ifip(/ 
foJ' ,'oluJlH' B, 

• 

... 

.. 




67 
LONGITUDINAL SHEAR 

For allownble stresse$ in lOl1gitudinnl slwnl', three-fourths tIll.' 
nllues in colunm 5, tn hIe 24, should be used, 

DESIGN, MANl'FACTl'RE, AND .ERECTION OF LAMINATED 
ARCHES IN FOREST PRODUCTS LABORATORY SERVICE 
BLILDING 

Thre(' typ('s of roof supports were used ill thl;' Fon'st Products hlb
ol'iltory sen'ire building (fig. 1'L OM was tt fmnwd tl'USS designu ted 
t.'-'pe B. The other two were type C. n three-hinged nl'eh with 
dou 1>1('-1 ,;e('tioll cOllsisting of plywood wpbs alJd b(,11 t Inrninat<'d 
HUllg:('S, lind type' D. n thrp('-hillg'pd h('llt lnlllillat('d nrch with I'('c

tungulal' cross ,,,e('tic))lq Principlll dilllPllsiolls of typ('s C and D nre 
"hOWl! ill figul'e :31-:. Figun' ;3\1 "hows t1 (')'oss s('ction of 011(' n1'ch of 
(,Hch of tbc's(' typps. 

For purpos('s of dpsign, H dpnd load of 15 pound" ()(,I' squnre foot of• 	 hOl'izol1tnl tll'Ptl unci u 1IIlif()/"1lJly distl'ihutNI lin' IOtld of :30 pounds 
ppr ;:;qunn' foot w('('(' USSUIll('cl. il bping fUl'thpl' assullIed tllilt the lin> 
load ('ould OC('llpy tllP full spnll m' C'itil('j' lwlf SpUIl. 

011 the' busi:; of thp th('I] ('xisl ing' illformn tioll. tltp following strp$SPS 
wp1'p tuken as a g'uid!' to tIl(' dpsig-ll of tlIP I)-Iy]><' tl I'd IPS: 

Pound,It pH 
,~qtJ(lit i't,.1J 

g'<lHliu)!; "tn'"" _ I. liO()
l 'ntllJ)J·ps~ifJlj ~trl':--'" p:u'u.liI'I t·, g'J'uil! I.OO!)
LOII)!;itmlilml ,,It..nr 1.)0 

Owing to tlH' fucl tlwI tiJp ('Olll(HItPd l'pquiJ'pd ..;iz(':- of ('ross ,.;('(·tion 
WP]'(> ilH'1'PllSpd U I ,,;p\"PI'al points to g-iy(' ('\'PH diJlH'Il,.;ioll" nlld tiJp 
flll·thp!' i'nd thilt tl1l's(' SlZt'S \\"('rp lIot l'PCOIllPlItf't1 WIH'1I "onJ(' ('/wllgp,: 
illllpight ofl'Oof pPHk \\"('1'(' Illude', tlC'tunl mnximlllll sll'(>"sps 011 thp 
1>:I"j" of thl' dillH'llsiol1S n" Imilt lind with thl' nsslIIlIPd lontiings :11'(' 

appl·()XilllUIPl.y I.lIi;, alld 1111 pOlIllll..; PP1' c:qllurl' illt'lt fo!' jWllding tllld 
"lj(·lll'. [,('''J)('('li\('ly. IIl:1I1 111'1'11 of !hi" ..;hlI(H· tlw ..;tr('",.; ill <'ompl'('S
"joll j,.; "PIT low h('I':lIIS(' bpntiill;! nlld ..;llI'tH' "U'P";SI'''; dictate' tlIP "izes 
of C1'O,,"; ..;p(·t iOJl";, 

Bp(,lIl1sP of U tlp"i!'p to ('OIlSP1'\'P "(Hl('t' within t1lP hllilding'. tl](' mdii 
at tIl(' kll('('s of til(' ul'l'hp .... pnrti('ltin1'ly typt' I), WI'I'p llIadp \,pry sho1't 
Il(,('ps..;itntill!! t1.lP llS!' of :',~ of :Ill illch Inminatiol1s 01' thillJwr. I.\S 
"I1O\\'1l hy fig., ;~\\ till' inllpl: ('tHlilb Ht the kllPP \\'tl"; ;1H iJlciJPs.) ~Int<'
I'jnl oj' tllis thic'klll''';''; \\11" II..;pd in tIl(' f1nngps of t:vp(' (' nlso nlthough 
(II<' lnlW'1' I'ar/ills would lillY!' ppl'lllit (pel til(' 11S(, of tilil'kpl' IllntPl'iul. 
Thp lumina (ioll"; WI'I'(, Ul:ldl' froJll JJOI)] ill tl1 l-inc·1t ~()II tlH'1'll vpllo\\' 
pill(' bOttl'd" tbat \\'1'1'1' (ll'ndicHlly fl'('p frolll kllots. Tbl' Iwiistll(,(' 
('oot(,llt \\n..; ,lbolll >-; 1>(,1'(,1'1l1 wl1PrJ tll(' Jl)'llp('iul wu,.; (,pndy for gilling'. 

LumiWiI i 011 " \\ PI'!' ";Ill'fac'pd to tIll' I'('(fllin·d titi('klll's..;;i1 tpl' tllos!' tilnt 
\\ PI'(' long-PI' tltilll :r ,.;ilI~l(' IPIJ!!tlt of IlImlH'1' Iwd bp(,rJ JlJII<I(' lip of bOHrds 
j(,iJJPd PIll! to Pilei by ('n-.,pill glllpd ..;('urJ· joiut" hu\"illg- n ,;Iojl(' of 1 ill 12. 
[Fig. -.l () ~lto\\ " .1 1111111 h{,r of t Itt' joill I..; 1111<1('1' (>1'(''''';111'1' ill a (lI'P";";. 'I Tltl'Y 
\\'('1'(' {hpJ} spl'p:l(r OJ] hoI It "i<l('" wi IIt c'n";(li 11 !!IIII' by :1 I1IP('IWlli('tll 
qpn'Hdpl" uft.('1' \\'.lIi<'11 a Jllllllhl'l' \\"1'1'(1 a';"l'lIlhl"d in II group ill proprl' 
Ol'df'J' 0)1 IIle' g'll/ill!! f!'HllI!'';. Bpg-illJliug ut OJIP ('llll. PI'('';'';III'(, \\'u..; np
prjI'd by IJlC':JIl" of hnnd-ojlPralL,d S('l'pWS, As fU1' n:- po..;si!>I!', thp tinH' 
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from the spreading of the glue till the completion oj' the pressure on a 
group of laminations was restricted to 20 millll tes, The procednre 
with the D-type was to build, at the first opL'mtion, about 4 inches 

I'll; l'H]> ao,,·· ('n,"~ ,:('('tion of 01\1' :tn'h of ('tI!'l! of t "1)['" (' llllll 1) a~ 11,',·,] ill till' 


F!lJ"{'"L PJ'orllJ!'(S La\JoJ'a! or,\' s('rd"I' Illliklilll!:. 


thiclmL'ss nt Ill(' (,O)H'U\'(' side \\'ilh J'lIlllpllglh l:lllliJluliol1s; 111£,11 10 udd 
lamillatioJ]s RhortC'l1('d nl (lll(' or both ('lids ill ill-:I:lllrn!'lIts oj' 7 to J() 

ulltil t.1lL' nsscllIbly Ht HII points ('x{·!'J)(I('d IH'YOII!I n litH' :thou t 4 iJlC'/t(';; 
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from and parallel to the convex face of the member. N ext, the re
sulting stepped surface was planed to give a true face to which the 
group of eight remaining lamina,tions was glued. 

One complete flange for n type C arch was glued at one operation 
and was later ripped to form three pieces of the required sizes. 

}\1 ensurements with hych'aulic cylinders inserted in the clnmping 
system showed that the average pressure applied in the gluing was 100 
to 200 pounds per square inch of glued surface. 

Six flange pieces and two plywood webs with stifl'eners and splice 
plates were later nssembled with casein glue to form a half arch of type 
C as shown in figure 38. 

The outer laminations of type-D arches were full width, ns shown in 
figure 39, while others were each of two pieces, the longitudinal joints 

,ts '" ... ;.' ,

.J-. ... . 

l'!~ . I', " 
: . 
\ .. 

.. -' 

M2510lF 

FIGURE 40.-Scarf joints ill laminations for the Forest Products Laboratory 
service building arches uncler pressure. 

in adjacent laminn.tions being stnggered. Ko attempt was made to 
join the edges of adjacent parts of the width of a lamination with 
glue. 

After attachment. of the steel bnses, the roof supports were erected 
by means of a portable cmne (fig. 41). LiLter the bases were grouted 
to the same level. 

The frn.mecl trm~ses and the types C and D nrches for the service 
building were made by Unit Structures, lnc., of Peshtigo, ·Wis. As 
part of the contract, two half arches of each of types C and D were 
fm'nished in addition to tIte llumber required for the building. These 
extra half arches were tested nt the Laboratory. The results of these 
tests nre presented on pnges 34 to 49. " 

TESTS OF GLUED LAMINATED MEMBERS UNDER 

CONTINUED LOADING 


Tests on one nrch of the D-type in the Lnbomtory sen-ice building 
and on n Labomtory-built member ftfl"ord iuformn,tioll on the behnyior 
of ]nmillnted curved members under long continued ]onding. 
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') 

TEST OF BUILDING ARCH 

The center spun of the service building wus tested under long-con
tinued louding. The loading wus bugs of sand lllld gravel stacked on 
the roof immedia.tely above the urch find covered for protection from 
pl'ecipitation (fig. 42), The bugs were uniformly dist.ributed; at first 

M2=075F 

FIGURE 41.-Erectiul1 of arches in Furest Products Laburatory sen'icc building. 

M26B76F 

FIG ('HE 42,-Halldlm!-(1i Oil ('('ntml arch Spllll uf FU!'('Ht l'roduC'!H Laboratory 
s('ryice !luilding, 

ael'OSs the huH spall and laiN across the full spall. 'I'll(' {'levu,Lion of 
the peak of the arch anci the horizontal distmlC'e between points on 
the arch 10 feet nboye the foundation piers were meitsured at Jrequellt 
intervu]s. During tllo latter part of the perjod the kmpern.ture and 
relative humidity within tbe building WNe mCfisurecl periodicnlly. 
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The load was plaeed in increments the fiual total being 31,500 
pounds, u.pproximately uniformly distributed over the full span. 
This load is equi"ttleut to 42.8 pounds per square foot on the roof area 
tributary to one fLrch, and thus about 42 percent in excess of tIle 30
pound-per-square-foot live load ltSSulllecl in designing the building. 
Figure 42 shows thefinalloacl in place. Figur(' 43 is a record of the 
deflections during the test. Encli lond increment was, of course, 
accompa,nied by an illcl'ense of deflection; also deflection inerensed 
hetw8I:l1l placelll(',nts of incn'lllrn ts. SI'PHl'H ting out and combining 
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Fl(;nn; -13. l{p<:urci of dl'Il('("lio)I' tlf ('PII(PI" arch of 1',,:1':;( P)·,)(itlet, LaiJorulon' 
'('nit'£' hllildillg- ill (,OlllillllPd loading- tPRt. . 

the defle(,tions that o('('urrt'd itlllIlNlin.t<'iy OIL pltteillg tilt' several 
increments giw~s til(' dnta, plotted in figul"P 44. It is 110t to be expected 
thnt an eXll('tly lirwHr J'('lntioll will exist within thp proportionn,llirnit 
of tll€' material l)('tw('('11 d<,fkctioll ll,nd tltt> lond Oil il. Illetnber of such 
a ShILJW. Figul'(1 44 indicnt('s an ltpproxillllll<·ly linen I' rPin.tiOll 
between .load nnd ddl(,ction witli O.i4 inel! as t!t(, ddk('tion tlntf 
would haw O("('.UITC'd illlll1pdin,tpl y hltd the entire load of :) l.;jOO 
pOllnds been plll,('('d at OIH' tilll('. /1'11(' aetun] def\('ctioll at til(' (,()Ilclu~ 
sion of the placillg of the [illulload imT(,IlI('llt II'U.S O.U4 illck 

The graph of j>puk ddl(,ctioll ({ig. 4;~ I shows iH'twC'eJl tlH' twcnty
fifth and sel"('lltr-S("'('llth (by of t.he {(1st tlll"(\(' brief periods of 10 to 15 
(htys cnell, during which there Wu.s liul<, clwHge. J~('ginllillg nbout the 
seventy-seventb dnr a,lId continuitlg to th!' one lllllldTPd and. fiftipth 
the defleetioll gradu:dIy illcrmls('d wit.h only millor d('pn'ssiolls OJ' dips 
hl the ('.un'e, til(' tout! iuerens(' b('illg nbout 0.45 inch and ttl(' 
inereaSt' per tilLY tlr.re(' tilllPS itS great as in tlH' pn~eedillg 52 da'yf'. 
During tll.is interva.l WitS n Iwriod or HeVt'rely ('old weather and tJI<' 
temperatlll"{1 witlJill t)JIl buildillg WUli Hlnin tained bphn'f'1I 75° and 
90° };'., with the rclu.til'c hUllli(lity n.l"cmgillg ll,bout 00 p(\reent, all 
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!1tmospherie ('.ondition under which wood tend!' to dry to tL moisture 
content of Ii OJ' 6 pel'c('ut, 

The moisture content of tllp arches when this test was begull is llOt 
tL(,(,ul'l1tel~~ known but was probably 10 to 15 per('ent. Dl'yillg prob

) 
ably proceeded slowly in the ead~T pal't of the test tmel n,t an increased 
rate during th(' Intel' p('J'iod of' low bumidity, J1U1Sll1ucll as wood 
shrinb; II('J'OSS 1 h(' gruin but not ulong tltt' gluin, II ('lIlTcd member 
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,)(Fla ncw or PtAI( OF ARCH - 5VI'11'1ATlOIY OF INI'IttJ147E OEFf tC TlOw 
FOR EACH IN(REi'1EIVT OF LClIO (/1'101£.5) 

It'JGUHB .,.1.... Htdu,tioll belln'PI! I()Hd~ Oil ('['Iltp/, a/'ch of Furt's! Product", LlliJo/'aLulT 
st'l'\'ic(' ilu ilding alld til(' d('f1('('!ioll~ at III idsPllll J'('sullillg f/'olll 1 hl'i/' placeJll(,[) t. . 

Lenlis (p,II IIi to bC(,Olll(, 11101'(' ('U1'\,od as dryilll!;, lU'('ollljmnied by 
shrill ka~('. j)l'O('('(I<ls, .\ ilsorpt iou of llloist UJ'(' il('i 1I~ H,('Colll pntl ied b)
,;\\,('llinl!; tellds to <I ('('·1'('11 S(' th(' ('UITutUl'(', It is ('OlUjJUt£,<I 1'1'0111 all 

pquutioll d('\,ploped iniN tlUlt 11 ,.;1Il'illku~(' or n,.) jH'.I'('Pllt aems,.; th(' 
~l'uill. SlJ('lI as lllight ('('suit I'l'OlII n d(·(,l'('ast·· or nbout :~ P('f't'(,lIt ill llIoi,,
tUl'I' ('Ollt.PlIt. ill.lh(·s(' 1I]'('II('s wOlild or itsplf ('UIISP n (IPjJl'l'SSiOll of tiJ('
jH'lI k of /I hou t H.l.l j lI<'Il. 

.\SSlIOW1I by figul'p 4:;. 1I ('0111 pal'll tin'ly Illl'gP luilout !'R-ill('iJ) dpcreas(' 
of dl'f1('('lioll O('('lll'l'pd IH,tw(,t'lI {be (II\('-ltlllldl'ptl and fifty-fin;t alld 
()fJP IUIIl<ir('d alld fifty-foul'th dny, Tlds a('('ollljmllie<i n sli~iJt illel'PHSe 
in ('('Ia,ti n' LJ Ulllid i tv bII { it do('s not S('t'lIl tlla 1 slq·1I i 1If-!: of t hl' wood fl'OIl1 
till' a,b';OI'ptioll of 1I'lOistUl'P ('ould 1m \'p 1)('('11 sllfli('i('llt' (,0 11(,(,Olllli for thp 
llpwunllllol'PlI1!'lli of' tll(' jlPILi" 

Thl' ('oll('lllSiOIl fl'OlII II ('()llsidpl'uiioll oj' this illfol'lIIatioll is thal t.h(' 
pm;sibh· 1'[1'(·cts of eJl:lIW"S of Ill0isfllJ'(' ('OlltPlIt Oil th(· d(·fipe1ion ILl'£' 
sueh (hnt it is illl pOSt 1/1< t,o tid,el'lIline w11etitel' ill('['cHs('d defleetion 
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~nls c~l1secl by load (hu'~g the 5 months it WitS in place. Only an 
lIlconsLlerable amount of snow WitS Oll the roof itt any time during 
the test. 

A fmther factor affecting the deflection is thn t the construction of 
the. roof wus such that it added considerable support to the arch nhove 
which the load was plnced. The roof panels were 4 feet wide and 1 G 
long. Each hnd a llomimll 2- by C1-inc'h joist at enell edtre and nt the 
(,(,Ilter of its width. OutN' facc:s of the edg-e joists wel~ 0TOO\ ed to 
receive splines holding fnees of ad jneellt panels in nli<mment. For the 
most part thl'~e Sp~il1yS fitted thl,'gl'o()\:es VN'y tight~y. Glued to the 
lower edge's of the JOltitS WtlS t~ s,hed of ~h~'('p-pl)r ~x-l11(',h pl)'wood and 
to th(' upper e(lg-ps n she'd 01 Il\'p-ply 1,-l1lch plywood. The ptllleis .« 

-.... 

M25118F 

FIGPlt!:: ·lii.---:\ailil1!!; of rouf p:tll('l~ to ar(']H'~ of Furl'"l l'rodllti" Laboratory 
"('rvit'e hllildiu!{. 

thus fOl'llwd box g-ird('l''; 4 ft'd wi<i(', l(j fppt IWlg, n lid slif!htly lllOJ'(' than 
G incll('s <1 ('('p. The' IOWN plywood shec't of ('(tell girdC'r ptlllc'l was ~ 
llnih'd at PHch elH[ to thp upp<'r face of 011e of til(' urellC's (fig. 4ii) with 
SiXPPllllY ]luils SPtl('Pc\ {j illellc's. Abo, the 2- by G-inch joists within 
tlle cril'cl('l's w('rp toe-llnilpd to til(' llrciles. 

V~rti(,ill <leflcrtioll of th(' }oudpd arch is, of course, due to bending 
ll1HI is ncc'omptllliNl hr spn'adlllg )\c'al' the jUllction of roof nml sicle 
wnlls. Being nuiled to the nreil('s and l)('ing \'ery stiH E'dgewisl', the 
roof Jlflllds trullsmit fore('s ctlllsillg sprending of thl' other nrches, 
with COlls('Cjuent. wI,tieal d('flt'diollS of their crowns. 

TIl(' 11\'e celltnll HI'c\J{'S of til(' building lire alike (fJ trpe) nnd the 
10tld wus on the ('('llter OllC'. Ohs('l'\'ntiollS wc're made of the changc 
in elevation of ])('uks of th(' fiye nf'('hc's (l('c'ompunrillg l't'lllo\'nl of the 
loud nt the cOllclusion or t he test nll<l tH'(,01l1 pUlIyillg l'pplncement of 
the same IOlle\ Ht lllu.ter <lute. Ass\ll1ung' that the chnllg'e in elenltioll 
of eueh nrdl is n, ll1E'usurc of the load CHITi('(l hy it ullll that olllytbe 
five central SPUllS pnrti('.iputt'd ill rllrryillg the 10llel Oil the building 
the ratio of the e\ulllgt' oJ ('\PVtltiOll or nny one of tiH'Sp ul'C'hes to the 
sum of the ellnngc's of ('Il"'iltiull ('('prl's(,llls the proportion of the load 
thnt was cnrril't[ by thut un'll. Dulu JrOlll thl' two sds of ob~ervil-
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tiolls mentioned nboye nnd del'inc1 nllllP~ of thr l'lltio for the nentel' 
arch ilre shown in tnble 25. 

TABLE 2,5. ('/Jallgt,' 0/ rievalill'/l ol lill cl'u/ral ij spall.~ 'U'it;' J( it/oVId uud rl'place
IIIl'llt 0/ loat! t~r d1 ,tiOO pOllltd~' 

I ' 
~\! n', \ t fl'l,ln{,l'~ .1 t re- : At repine,"ISPill) :\0. IlIo\"n) uwut of :;PUll Xu fII(J\'ul i lIlen! o(nf ]0011 lund n(lond 

; ;:~:~,(;~,'-lI III..'iI t'.1f J"rillS 1III'!rt.,<~ a II {)Ii i 0, h; (III·'-I .27 r 2:? ·~~I5 . ·~1 i . ,.,~ I ~um ; t.21i l.·t! I 
~ Ii . . lr. , 21 , 

~:::::::-:::::=='·-1
Hutto ~(j. ,j to SUln fi4 .112 

1 TIl(' ~:'UJll~ listt'li ill tlli... tatllt· art' t.ht' (ll'fil'{'1 infl~ 11mt \\ 1IIIIri hu\l' IIC't'tJrrplllmd lilt' hUHI llt)(>JI ('arrlt'd 1,\· a 
singh" onr of tlw 1)_tYJll.l nr('h£lF. .. 

()In'iou~h' the I'a [i()~ ill t he last ('OlllJllII of ta bl(' 25 [:I k('11 as l'stillla tes 
of t\t<'I)I'Oliol'tioll of tllp loud Hct !lnlly ('llI'1'ied b)' till' cmte]' arch fll'(' 
ollly npPJ'oximute, :\'P\'PI,thel(,s" n substulltiHI di~tl'ibutillg dJcct of 
the 1'001' ptlllPls i~ illdi('uted, Snell n finding llH'Hns littlp ill eOllneetioll 
with 10lHllllliforlllly distriiJlltPt[ O\'('f' tlll ('lItil'e !'Oof or oyer one slop(', 
It does, howe\'('f', bl'iJlg utt(,lItioll to th(' fuet tllllt l'Oof pnlwls, if sufli
eielltly r'esi~tunt to sh!'urillg fol'('.(,s actillg ill tlwit' plHlw, lllUY have 
signifieHllt ('fl'pct ill distl'ilnlting ('.oll('l'ntl'lItpcl OJ' nonuniformly dis
tl'ihuted loads, OJ' lllo\'ilig louds such Il~ might be cfl1'1'i('d b)' H ('I'UI\(', 

TEST OF LABORATORY-BUILT MgMBER 

.A rurvecl I1lrml)('1' set lip within tilt' Lubol'H,tor,\' wus sllbjndJ,d t.o 
!tn I:\lId load dUJ'illg t1, prl'iod of 2'~ ,VI:\t11'S, T.his l1lPlllbt'l' ('ollsisted of 
eigllt %-incll ,;oul-hNn yellow pine lamillntinns fl'e(' fl'olll dcfpC'ts, It 
wus in the form oJ hulf tin alTh of 25-Joot spall lind bad II ('I'OSS section 
3:1:\ inches wid(' by Ii illches deep, Lond wus lLpplipd ulong t.ill' line 
connecting thp ellds of tIl(' half ttl'ch. Th!' ,;d-IIP is ,;hO"'1l ill figut,p 
40, 'J'h(' lOtl.d ilpplied thl'Oligh lll(' lc,y('1' ,;ystOlIl ,;11t)"'11 wus :3,1 iii 
poullds, 

Prior to tllp ppl'iod under lotld tlw llH'llliJPI' \l'as tl'stl'd for stifl'ness 
n,nd linull" it ",us tested to dl'stt'l\('tion, .lk[C'l'lllilltltions from tlit's(' 
two t('sts'sJlowed tit at tiJ('l'P Itad becn nbout 4 IWf'{'()nt in('rl'HSe ill 
Htifl'lH'SS, .Ill tit" linnl t.est tllp load l1t propof'tiolltil limit was ~,750 
poullds, TIt(' H\'(\I'a~(' \Hoistuf'e eOIlt.ellt WHS ;i,G PPI'('Pllt at the filml 
trst and abou t 10 1)('/'('('11 t wit en til(' load wus Jif'st pb('ed, Adj lIst
nwnt fot' tlip <lifl'(,I'(,II('(, in ll1oistuf'P {,OlltPllt indieatl's tlltlt the Vll.hw 
of load Ht pro;, Il'tionlll limit at til(' tilll(' tlw loading p('l'iod b('gun WitS 

n,bouf {i,7;,)(j pounds, Thu~ fhl' lIpplieci load of :3,17ii poullds WitS 47 
ppn'ollt nl' diP ('stilllllled plopoltioll:!1 limit Ht th!' bpgillnillg Hl1d :.Hj 
POI'('Ollt of til(' pl'OjJOf't iOllltl limit Hi' d!'tpl'JI1inptl itl Ill(' ('olH'lusiol1 of 
til(' loading ppriod, 

Till' s{'ale' sllowlI ill figure 4(j wus Ilttu.eiwd at til(' point whol'(' till' 
dedat,ioll of (irp nxis oJ t./u' nteJlriwl' i'\'(I1l1 th(' lilH' of ll,etiDIi of the 
lond waH U JIlU,XillIUIII tJ!).41 ilH'll('s ut (lH' hq61111ing of the tpsil lind 
was I'('u.d n~uillst 1\ fill(' \'(,f't ic'nl win' tiO Il1Pll~lll'(, th(' dpfll'f'tioll, Ppl'i
odical w(·ighin~s of :! tbill bouf'd that wus kppt tilongsid(' [Itt' Inembel' 
indi('utC'cl tll(\ Nlllilihl'iunl llloistlll'(' ('OlltPIIt which tIll' lllo11ilwl' CUI'

I'ently tended to IIPPI'On.e11. HpudillgS of dcl](lctioll nJ.lJ 01' oquilibl'iuIll 
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F1Gl'H!; 41i.~ La!>"/'1l(ol'l'-hllill ('llI" ..d 
ml'ntiJ('I' ()f s'Jlltll('J"lI ,\'(-11011' pill(' 
U!Hh-r load of a,17;) pOll/Ids applit·d 
io it~ ('lid" t1II'IJIIg-h It l,'n'I' "y~t(,III, 

moisture content fire graphed in 
figure 47, In this figure l1 correla
tion 1.)('tW('('11 a tmospbel'ic. comli
tions I1nd the d('f1ection of the meru

(
bel' ean be tmced, rp to about 
April 1, ] 9:34, the d('fIC'ction in
('l'rus('(1 (but at II diminishing mtc) 
while the equilibrium moisture CO]l

tf'llt decI'rUSr(l. During the SUJ1l

11lt'1' of Hl:H, the eq uilibl'iulIl mois
ttll'(, cont(,11t rose and thr deJleetion 
J'(,llUlin('(1 ull1lost eonshmt. \Vith 
the \)('gilll1illg of tllP heating season 
(n bout October 1) lower llt11l0S
phel'ie humiclity J'rt.111'llecl and the 
drflection ugnin incrensed till neal' 
the end of JanUllry 193.5, when 
l'iRing equilibrium moisture content 
WUR nccompHllied by dC'creased de
[[('etioll till nbout August 1. O\"e1' 
the subsequ(,llt pel'iod to April 1, 
1936, tl10 drier ntl1losplleric condi
tion W:1S accompanied by n slight 
illCI'C'HSC' in ([('flection, The e\'ident 
e'ffpct of chullge's in moisture COll

tPllt mnkes it 'difficult in this e:lsr, 
as ill the tPRt of tlte huilcling llrrll, 
to distiJl~uish thp pUl'rl,\" time rff('ct 
or the loud from tlillt of moisture 
('hilll!!PR Imd tltr resultimt slll'inka.ge 
nnd ~\\,pllillg awl to drterl1lilll~ when 
c1l'f1petiOll l'Psltlting f!'om tlIe ucti011 
of' til(' lo:!d cPtl"ed to ill CI'Nl,,(', 

GLrED LAMINATED 

CONSTRl'CTION IN FARM 


BUILDINGS 


Clul'cl Inllliwttpcl ('ollstructioll 
IInld" .I111Wh pl'OlILisf' n" tl ill('UIlR of 
illlPI'()yill.!.r tllP st I'twl 1I1':! I f£'11 t II!,('S of' 
IHll1lS tlild otitPl' fnl'JIl hlJildillgs, 
Fol' ('.'\nrnplC', :t1thollgiJ J'llf'tp!,S, h(\
('llIlSP or lo\\,('!' cost" :lllcl 1<,,,,, 01>
stl'll('t iOIl of' spact', tIl'(' P!'I'I'I'ITPd to 
tl'II:;:;PS fo!' sllppo!'tiJl~ I>nl'll 1'oof'...;, 
pJ'('\'iollsly unt iltl hll' nl('t IlOcls of 
('OJ IS! !'1IC'lioll 1111 \'pllot in gP!lPl'al 
pJ'{)\'it!p(l !'tl ftNs of' aci('(flln tp 
stl'l'Hgth tint! of'Rllflic'il'llistirI'III'SR (0 

U ,'oid sag!!ing, Two.ll1 n!lll fu C't w'
P!'S n1'(' )lOW Ill:! king g:ltwcl 1:1 milln t·cd 
l'nf'tl'I':; 1'01' tl)(\ gotlti('-st,\'lp c1ni!',\" 
hul'll awl (ltlH'1' f'lInll ,,!TIIc(IlI'CS, 

http:slll'inka.ge


• 

.., 

'I'll [,: lil.l'ED L\)1]XATED ,,'OOIJEX AHC.I:l ,, 
Dp;;igns indudp a l11pmbf'I' whieh is straight and yprtieal from tIl(' 
foun~latiOJI to tll(' mow floo], 1(,\,(,1 lll1e1 1111'1;('(' ('un'p" uniformly to tIle 
mof peuk, thu;; ('olllhini11g ill n Sillgi<' pi('('p tll(' fU11('tjons 'of stud 
and rili'tN ,ij l, 

Thc' jll'PSP11t l'PSPtlJ'cli hn::: not illc'luelc'd sppcifi(' "tud~' of glu('d 
Illmilllltpd C'()l1stl'lH'tipli ill furm Stl'11('t1lI'(',. hilt n ('t'il tpsts hnn' 1)('("11 

.. -~. ~ I . \t • .;t ~. "11 .....;,:.'11' 
,~!~ 

F,('] Ric ·t,. l>"lIpc,tiulI- alit! "qllilil'l'iqlll llllJi,tlll'l'-C'lIlltl'Jd \ttlll'" ill dpad-Ioad 
1",,1 II!' 1a1J!'!'UI"r~ -hllilt IIH'lItill'L 

lundt' 10 dl'l1lOllstl'ntp ('()lllpHd"OIl:. \\it li hnJ'lI l'nrlpJ's Illudp ll(,(,OI'<ii11f.,' 
t·o ('III"I'('II! prlJ('lic'p, .\ ill'id ll('(,()lIllt or (lips(, Ipst" foll()\\'", 

COMPAHISON OF CO.;\L\lON TYPES OF (TI{V1W BARN R,U'TEUS 

WJTH GIXlm L.UllNATED MFl\lBERS 


"'AILEIl 1..-1;\11",1'1'1>0 ItAFTlmH 

OJle eOllllllon lypC' oj' ('uI,\,pd bnl'lI 1'11]'((,1' ('ow,ists ()j' n 11111111)('1' of 
boards IWlll to tJH' l'l'quiJ'('d ('UnUIIII'(, :lJld IlniJpd logt'tI J('I'. ('0111
pUl'isoll oj' IlIPlllbpl'S o/, thi~ typC' \\'illl llios(' lIlucip ill tliC' S1l1ll(, \\"Hy bill 
giupel iu::;t<'ncl oj' IlnilPcl is afi'()l'cipc/ by I('sls Oil lin· pairs or IwulIIs. 
Althoug-h tlip t('sl" \\'(,I'P Oil slJ'lI.igli[ IlH'ml){,J'::;, silllilul' ('OJllpI1ri::;om; 

would I'(,SlIlt ]'1'0111 Ipsls 1111 ('I1I'\,C't! USS(,lllhlil's, In tIJps(' ('::;[s, 3,-in<'i1 
lUllliltallon" ('Ill frolll llip ";:111](' bonnl ()('('Ilpil'd similllJ' I)()siliolls ill 
IHlilpd :lIld gitlC'd nSS(,1I1 hlip,; {'Ollst it II t illg n pail', Tll(' bill ilia I iOlls \\'('1'(' 
horizontal {P,:2 t, Tlip IlJllIl)('1' tJ:';pc/ WIIS at ahout 1 :2-P(,I'('PIlI 1l1Oistlll'P 
('OJI[(~lll ulld 1II't·('.]' ('(ullplplioll IIIC' hl'lllllS \\"('1'(' ,,[ul'pd fOl' U 1I10lltli 
IIl1d('/' ('oudiliolls oj' [(,.JI1jH'I'nllll'l' UIlt! I'('iu.ti\'(' humidity to gin' nil 

!'qllilibl'illlll JIIoi,,(IIJ'(' ('()lIt(,1l1 O/' about 1:2 1><'I'('Plll. TIJ('Y \\"(\/'{, [li(,11 
1(';-;1('(1. Tnhlp:2n gi\t's illlpol'lulll d<'llliis oj' ('Ollstrll<'tioll :llId J'('sldis 
()r tlie I<'sls, 

Th('sp [.('sts cl(,11 rly cll'IlIOIlSl I'll Lp UJ(' Stl ppl'iority, with I'('sp('cl to 
both (IH' :-:(J'('lIgIJI alld til!' ,.;till'lI('ss. o/' glt1(' O\'PI' lI:1ils us a IlH'tIJIS of 
joilling luminu liollS, .1~.\IJ(\I'i(,Il('(" t ('sl, :tll( I o h;-;('I' ni.l iOIl show IIw I 1I11 ils 
dp('I'(,uS(' III dl'('('(i\'(,II(,s::; with 1I11!'IIIntioJls iJI Ill(' IJlOistuJ'(' C()utPllt of 
t 1](, mu,toriul uaileu, IlJld tl'RtsllHLde after u ppriod oj' s('I'I"i('(' lind('/' 
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usual conditiol1R would no dOli bt he still JllOI'f' fn ,'orn hie to the glUl1d 
('oBstructioll, 

Similar l'e;-;lI\t;-; \\'('1"(' dpIlIOlli"itrn[('t\ ill n seri(''; of tp;-;ts tllndp nt Iowa 
Agricultural EXj)t'l'illl('ll t Stn tioll U2, 1j). 

T.\BLE 26,-' COIIIJlflrj.~o/1 0/ /lfalll .• Il'illl nailed lnlllinru III Ihos( l1"il/l (1/11(11 iomilUlf 

• 
,\1 pro' AI pro-' AI)IlIxi,LUllI 'l'rentlJl('nt portional port ionnl ~ ~~~~~:;:\'0.' lllUJIlInn~ Iilllit , l:Uit~J ~()~l(l' 

,\/tWill(, IlldH.l )IH"I(,O( jJo11wl;s POllwis illclles ! lucht ... 
~fJl • !III (ihu,t! 'i.t50 12.170 11.81 I. Ii.! ., Vii: !III XaH",! 3,·11<1' 
Uti H:~ nIne'! 5,IIlKI (j.~~j, 

2.2711 " !17 U:i Xai],,'! '> '{'JII

i:!IVh
lill tin 

:~. III· 

tip {illll'(l :l.250 fj,ll.l.,(l 


'2,.:iij(.

4 lill :\'nilNI 2.m!11 , 4 Iii' ('hINI._ 2.7;)(1 ., litl '\'~li1('fl ~:~!I~:" 

III ·1 til 1;111H\ .l,oW 6.72:. 

()U b{'tUll~ 4.!i, anti";' tW'1 h·~t::-. \\I'n- 11171,11', 
~ LHarl~d(.flp(.tif)n ~f'iph~ lor tlw flaill'll hl':~m~ '\l'ff' rollllri,·,l :dtllo;.;t from tlu'ltt>g:illuiug and sho\\('d pnl(" 

tiFJ.l1y tl(' .iifN't pfOpl)rtlollulit)'. 
'T"!'ots uf tlI(· 1mil!,ll }JPflUt!-' Wl'fl' 'h~('lJulihllt"l \\ill'll fL., ,ldll'j'I'OH h,-c"mu ,'\tn'HIi' 'lII11 tlll- rf'I'f)rdl'd 

nm\ilIlUIH loath llrf' fiuHllonds r.illlPr thull trw·luaxima. 
.. B":UH XII.~. .\t. asst'Juhly uf :,lulIIin'u \\:1:'\ fir~t naill·(t to~t'tltt'r ,\ uh """\ l'flllt'rtH~ j'PHlI'ut-, o'ltl·,1 IlII\ 

nail'4 Ilri\"N1 frotH P7lC'h !"iri(, :~ latlliluU' wpr. fIlion :Lli,iPll :1t th, tull und ~ 'It the hottllJli. ,',lI·h hmin Ii\ 1ll'iJig 
ll.lil(,fl tcJ thosp l'rPtiol1:-:1y 'f"'~('Jllblpfl with :'-4'\PUlu'IW> f'l-IlH'l~I-f'()atNI Im\ 1l,tH~. 1~:! H'i!b llo~!-~,,'l thrflllJ!h 
flu' nt-Ulral ~urf'u,t, or joint Iwt\\t'I'H hlniH'U' ',t !Ilid ltl'tdH 'If thl' hl'!trrl 

p BNun :\'1, ,I. .\n aS~f'lnhh of i laYUP••,· \\:1'" fir~t u:lill'd tl'J!t·thi'r \\HI. tllllllt fil ~t",t'lllJt'uu~ C'ILit'llt· 
('()~lt"'l hox wul", Ilrivl'll fr01ll ",iI'Ii ~ifit·. ,; i ~p!ill:1.1' \\1'[1' tllt·f[ :il1flpcl ~lt thl' fll(f. ,',wl! l.lt..il1J! nailt·d to tho", 
pn....iou~ly a,'\sPlul,Il'fi witll lit ",'\t'UPi'!lll) !·/'It.ll,1t1·('11:1l"" Ilfl\ Ul1il~ 'l~!' nall!'- thrnUJ,!h ul'tltrnl ~urra('t· 
Aftl'r tht'1irsf t(".;t. I!H- hl'aIl, \\a' r{'vl'r~l'11 awi !lit "'t'('owl tJ':-.t '.\ l.:-.lIuuit· \\ ithout lIu, tlcitlitiou of Hails. 

, lh'ums ~h~. ;. -:, awl 'I. :; bwin:u naill'li \\ith ~(,\"I'UII(°Bny f'('UWnl,('"utp.l ho\ llnil~ dri\pu from pl.wh 
~i'hl; top hmilla. 'lb-n :I,!,kll aUfi naihotl with !'IP\-t'1ill1'lln~ f'I'ti. nt,c'uah-rl 110\ hails TIll- 1ir~l tc'!"ot "I} ~(t 
,PI W:1"; runrit· with Ihi ... natHl!;! uf Itl2st'\f·f1J1P1l!Q· f'I'Hw!lt.o{"M{l'd \1m. lIail'" thrllu::ll t h,' w'l1tr;~l"'"rr:WI·. ,\rtt'r 
llP~ull Wn~ ~traiJdltplll·tl an.l '~j or 3b l);lib flriYt'!l from t h.1' lull antI hottom ~Jf Ihr' lu·:tm . lrmhUI;! -;;. d~ht J1..nn~· 
naiI:-- throu~h thf' I1t'utr'~l "'11r(:1I'(' in arillitil'!i !n thus,," pn,s,('nt in first tt,,,,n~ "'('('flud 1f·~t \\~l~ mlll]£, Fir!'l 
t(,.;.t otl :\0 -: Inulh· wtth 'h" orhdn~\J nnilillC' of i11~ "i(~\"I'npl'n'1Y C'pJJ1Nll -('/I'llI'd ho\ n~lil~ lliriJu~h tlli' TlI't1tra' 
"nrfac'l'. Bp'ml str.li}:rht'·IlP,! uUll SI'("UHl tt· ... t ;U'll!t. ~~fll'r IIrivioJ!' X;- fIr '{S Pichi pI·IIfl) ,'uuUIlO't mill .. frllul 
tht. top HUlll,otlolll of fll .. tlP'lIn. lw,ki'l)! ;."; ('l~l1tp"'my l'olU111Otl n',iI... thrIJtlt.!h 1111 fU·utral ...;ur(a"c' in uti,ll 
tion 10 rhtl"';(l pn''if'nt in fir.:;, tpSt, :!:.?,·idllPt'HOY f'Otnl!1c)U nai1 ... Wl'ft' ·ll'l\"·H [r0111 1·~H'h f'u'I' ttf ltl"un :'·0. ~j 
lw(or,' tIll' 1,.~t.1I.akinJ! HI:! ~WVt'nppnJl~t('('lIlN1t"i'ofl1l'(llHl\ U~1iJ ... :lnd W-ll~ig'htp(>nnyeOlll1non nail ... rhrutJg-ll 
11u> w·nt r~ll sl1rf'lc'('_ 

SEI:1\1 g:-;TAL IlAFTEIlS 

.\ S('(,OI11llllld wid('ly IIS('<I tY[l(' of (,UI'\ ('d i>nl'lI I'nfjPf' is Ihp sP~J1I('III:l1 
I'HfteJ' mud!' by hUlld-SHWill~ th!' pd~('s of hOHl'ds [0 th!' f'(lqllil'pd CIII'\,H
t111'(" :tss(,lllhlill~ til(' hOlll'<k which !l11l,.:1 1)(' ill (,OJllIHII'nliy('ly ;-;lwl't 
lell~ths, ullcl Il<lilill~ tit(,1ll t<l~pllH'J' with titP IlP('(,SS:lI'." IJlllt joillts 
stn~g('l'('d ill titl' ndjlll'Pllt In."PI''': , [Il thi;; typl' titl' In."!'f''':, Of' llllllill:l
tiOIlS, al'l' Y(,f'ti('ul illstplid Ill' \)('il1g' 1)('111 to follow til!' (,lIf'nllllf'(', 
SOJJl('lilllP:-> tl\(' hOIll'd,; nI'l' not hUlld-sn\\,p<! llllt HI'P Idt witit stl'uigitt 
('(l~p,; lind :l1'f'lIl1g('d willi tI p,dYg'ol1111 ()lItlilll' :I(l(lI'OXilll:llillg (lIP dpsi'l'!'d 
('un'p, '1'1',;1-- I() l'OIll pu 1'1' Ihi,; IY(l(' of ('llIlst 1'1\('1 ion wi t It glll(,d ass('.IIl
bll(';-; of hl'lI 1 la l.IlillH I iOll:-- \\'/'1'1' l.IHlde VI 1lI('JltlH'I'S (,Ollst f'lIcl I'd n;-; 
follows: 

~os, ;'):~ alld ,j.), 1>('111 lumillall'd lllPllIi>PI'S l;j r(,pt lelll!! cOllsi,...tillg of 
,.,pyen :'.(- 1)\' .):;-il1('11 iuJllill:lp ptl <'1 I :llJtI IIl11d(' on IIII' j'01'1lI oj' l-'fool 
o()'set Ip, 141, 

No, 54, S('\"('II \'('rti(,HI lliJnilllU', ;'4 h\' ;jl illclw,; PH.t'it fmlll (II(' snlll(' 

!JonI'd liS (lIP out' Ilsed ill ~(). 5::1, ellt lilld nn.ilPd tlS iJldi('u(.('d by figlll'(' ,J 
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48, A to form iI member Hi feet long and with tbr SUJlle oJl'set as Nos,
53> und 55. . 

K o. 56 C'onsisting of Inmillu tions C'u t hom till' St1mp bOllrds t1.S those 
from No. 55, tllld made like Xo. 54 ex(,ppt tllilt iu('('s of Inminutions 
\\'(,1'e spl'ea(i with ('11sein glue inllllpdin tply b('fon' Ilttilillg tIl(> lumilllH' 
together. 

){psults of tpsts OJl tlH'S(' two pilil's of I1H'mlwJ's HI'(' listrd in table 27. 
()byiollsl~', ;';lIch n lIum her of tests <Iors 1I0t of itself .i ll;';tif~' lilly gelwr:1i 
('Ollclusioll;';. .I-Iowt'n'J', tIll' ill<li(,lltiol1s frollJ thl' t('sts tlr(' ill line with 
engin('l'ring l'xp('ripncr uad jlldglll('lIt, 11l1d Hrl': 

TA,BI.E 27. CO/llpan"IlI! I{I !,,1I1 lallliull/1I1 lit( III/)I'r::: I/'ilh -'lglI//,lIlal lI1('mb{'r.~ 

Pnlpl.rtitmallill1it ]lelle('·
:-ll1x;, lion til\rcb :-'axi·('ou,trtH't ion mU1U UJmd~

:'\0, UJlUll 
.\1,,· T)(.(!(>C.~ )Jt'ua~ll[ ; mo" mumloadLoad 1l!('Jlt 1110It.()nl film 'I..Jjp,:;~o 

Went 

lltclt· II,,'h·
Pflll/lri,'1t PlJlJIHi.'t Im/It,v 1'1Hl11dJo: J;uum/,'t IllC/tt\";hl Hem and gllll,tl 17.....{KI l~t,• .'ilK!" ,I. I;~ ,I;,. I!AI :!l.;\,)(, aO~t 10(1 !I.II:;

:"14 Vlrtltozlll.lllllt"tl' £j:lJh~d t,. tM)( ·la. ;,01.> I. I,~ ;~'. ;.~I 1I,/lj(1 IUli. :l1Kl ;;.I~'
,,11.1100 'afi, 2~{ .. IIKI,IKXI';;r, Bent ,md "Jul',l l:;.'HK. I:tl. :llKI :tfW ali, 1~~' 1:, h.... P 1-.:,. !KKI ;'.lIi

;'}n \"ertw:l1 Ian Ulal' u<,i1NI un" 
l!llI~d III,IXK' ;;,21l(t l.!Jt, 40~f~(. H,'''!)u 1;)1. ~jO(l -4. rl~' 

'';''·,7()(h • UI, :{7H ilr,I,O(JU, ; ._1 
: A ~m'll1·Iitr(ln·IU'l' 111 Inul.. tun" ('pIth'ut at Xl''''! j·\i~tl'd ht·t\\p(·U "fI"" ;~). .lIJd ,·,·1 '!!ld },t.-t\\t·('l1 ).;O~. [,;, :wd 

;.t,. Yaiut", 1n PJrpntli{,,~l'~ flPPO:-itl< )\0:- [,-1 'HId ~.,~ ;.In' :ldjtl~tp~l til tIll' U:Hj"tun' ("'.l1t('11(:- fir :\u:-:~ fi:l ~md .•5, 
re;p"<'Ii\'el~ 

, . '. 1II01lH'lIt
1. 'lhat th(' stlfilll';';S IIlH'HSllrl'd hy -I-11--- 1° ut Iilp proportiollul , «' ('(' 10II 

limit \ of tll(l ;;l'gllH'lltuJ ml'1ll1)('rs. pHrtit'ulariy \liI('1I ,!!iJlpd ill udditiOl1 
to tIl(' ]HllIilJ,!!. is ('Oll1ptlJ'ubh' to that of 1l1(11ll1wr" with ('()lltilllJOlJ~ bPIlt 
lind glllPd Ill/nina I iOlls. 

:2. 'Tlwt till' stl'l'lI,!!tiJ, hoth 1I1timuLp <llId thnt at thp proportional 
linlit. ,is low fol' IHliit'd ;;P,!!llH'lltnI11H'IlJIH'I'S n~ ('"mpan'd to tlIO~(' witlI 
('011 tillllOUS bell t lamillu t iOIlS, bll t is \'PIT ('cl] Isiti P I'll bh' t'lIhn 11('('<1 by 
gluing. Po;;sihly ,!!Iuing IIJJdPI' lltiP<[II:t t (', PJ'PSSIII'(' ill' n ])J'pss \roul;1 
pro<ill('(' I'lIl't"{'1' iIllPJ'()\'Plllt'lIt. Ho\\p\,PI', (1](' dil'l't'lioll of ,!!l'IIil1 ill 
ptlch \ulllinntio1J is ut till ullglp to thut ill Ih(, adjn('Pllt IUJIlillHtioll. 
"'ith this llrnulg('uWlI! {h('I'(' is It,ss llSSIII'UIIC'P of PPl'IlIlIlI{,II('P oJ ,!!lupd 
j(lint:-; IInd!'l' :--11('11 {'btIJI,!!P:' iJ1 til(' llIoistll/'{' ('O/ltPJlt 01' til(' IIlPlIlhpl' ns 
llW\, o('('ul'ilJ ,..('I'\'icp tlwll wlH'1l diI'P(,tioll of grnill is p:ll'nilpl ill t1t.ijU('(,lIt 
11IUiillUtiollS, u;; is tTlIP of IlPnl IHlllillu(pd JllPJll!Jt'I'S. 

1)11(' to lack of lulpnll .;litl'lIp:;" ;\(1 ..j4 (111lilf'd JIlf'llllw/'l 1)('lIt ;.;id('
\\:1\,,, lH'fol'(, fiual fniltu'(' us showlI 1)\' li~lIrt' 4,\, B, ~Ill:\jllllllll IOtld 
nIH'1 Illllximllm rnollH'llt \\('I'l' lIJi'!'('(l'd 'IJlIt'liltlt', if nl all. b\' tlli" latpml 
!J('IHjilll!:. In ;;Pl'yicp ';Ill'il b(,lIdill~ 01' IJll('kliJl!!' i" oftplI '('ollsidt'r:tbly 
l'('strnii}Nl by roof slwutliill,!! OJ' otlH'J' purt;; or Iile {,Ollstl'lIctiol1. ' 

PROTECTION OJ;' j;'I{Al\IJNG lHKMBlms IN BAHNS 

('oIHI('ll"t1li()lJ of Illoisttll'!' ill \\lIlis is of fn'Cjllt'lJt ()(,{'lIrt'(,Il('P 1I1 
IWl'IlS hou;;illg Ii , !',,(o!'\.; ill til!' ('"ld('1' cliJlIH t<'". TIJi~ I'('stlll;; ill 
,..lIbjP('(ill,!! stllds or (l11)('r fr:IJlJillg' purls pllI'lo;;pd ill tirP wtllls to 
COllditiolls fU\,(ll'ilhh, to d('('llY uml Il11JlH'l'OlIs in;;(ulI('('S oj' su('h d(,CHY 
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have been obsen'od. The same conditions are fuyorable to the 
deterioration of ~due. Reg;mllt'ss of the kind of members used in the 
walls, wheth('r OJw-piN'(' or Inminntpd, pfr('din' moisture barriers to 
prevent tlJ(' passug(' of wut('r \'llpOr from tlH' interior of the building 
with resultant ('ond('mmtion in wnlls is desirnblp. Ynpor is also 
likely to be ('oncipns('dill the hnymow OJ' on th(' IIllliN si<l(' of the roof 
with similnl' hm.nrds to mow .ioi,;ts nncl to I'll fters. ~I oistllJ'P barrieTs 
in the ceilings n])o,'e liYl,,;to('k ;11'(' ('OllsNIIIPntly 1ikpwis(' dt'sirnble. 

NAILING AS A SrBSTlTUTE FOR PRESSING OR CLAMPING 
IN MAKING GLUED LAMINATED MEMBERS 

The test dutn prp\'iol1sl~r n'I)Orted in this bullptin rplah' to glued 
lumiJlut.ed nH'utlH'r;; in t.il(' mnking of wlli('h P]'('SSI I1'1.' Oil joints was 
produ('('(] by ('Inmping. TIll' Wi(' or dump;; to pl'Odu('(' su('h pn'ssure 
hns h('t'll 01(' nwtl!od prin('ipnll~' pn)('ti('('d both in t.his (,oulltry lUld 
in Europ(' with Chp t'x('('ption of S"'P<!('II lp. 8N). It is ob"ious, 
liowPw'r, tlwt if nuiling of sIH·c('ssi\'(· lumiwl.tions without damping 
01' with hut n minor nlllOllllt of ('J:lIllplng- wOllld produ('(' glut'd joints 
of udt'q un tf' and d('I){'lld:l bl(' st rPllgth, manui'adurt' 01' glued lIlminn,ted 
JllPl)ti)('rs would 1)(' "implifh'd and dlt':lI)('IH'd. ;\.IFO. mPIll 1><.'1's ('ould 
1)(' huilt in plncp or m'ar thp buildi1lg sltp tlJll~ nwli:illg- possibie the 
II~(, of si~('" too 1:iI'W' for ('OJ) \'PlJil'1I t Ir:1Il~port:l tioll 0"('(' IOllg dista1lc('s. 

'I'll(' po:,:,ihilitil's of IHliling- W('J'(' pxploJ'('d ill a pl'('lilllin:lI'~' way ill two 
s(,l'i('s of t('sts. Th(' first ('Ollsis(pd of "h(,HI' t.ps( ... OIl blocks ('ul from 
snlilll :l~"PJ1Ib]i(';; glut'd lip ill tIll' :;tl':Iight alld r('i'PITPd to a~ "Hheur
hlock t('st,;." IJl tIl(' S('coIICI s(,l'i(''' ('lIn'l'd Inminll I,('d glu('d HWllllwI's 
\\'(')'(' built by nailing !..dl!p-('o:l«'d lamill:ltiollS t,ogdhpr and were 
t('slt'd und!'1' 'tnln:', ('1:;;(" IO:ld jn suclt :I W:lY as to' (,:lIlSl' fHilurp bv 
IOllg-i t udin:d :,h('a1'. '1'hl':'(, lIl'(' (!(o,;igll:l tpd' us "lollgi t udinnl siwar 
«'stB und('1' tl'HII:"t'rS(' lond." 

SHEAR-BLOCK TESTS 

For tit!' ;;1H'ur-blo('1\ t('st;; t1;;;;pmhlip;; ('Hch (,o1lsi~tiJlg of four thr('('
f/1l:11'(PI'-iIlClt lUlllitllll' ahout ;'l~ illdlt,;; \\ili!' nll<i :!4 irwll('s long \\'('1'1' 

llIlHI(, lip. 'I'hl' (olul 1l1lntiWl' of ~u('h :lss(,1Ilbli('s \\':1'; :3:!, onp-lllIlf of 
which \\,H;; of :;Olltll<'1'Il y('llow pint' :llld olk-ll:Ilf' of Doug-Ins iiI'. UII(' 
IwH thc' a:-s('lIlbli,,;; cA 111 of ('adl sp('ci('s WlIS glu('d ill n pn'ss 1I1l1[PI' 

;) p1'l'S;;lIJ'f' of :!()() PIIUIHIs 1)('1' squan' in('h and til(' othl'I' Iwlf (J PI 
"tiS, uf!l'1' b('ing "PI'l'lId "illl glllt'. wlilpd tog(,t\IN.L:llIlill:l!ioIlS <'ut 
rJ'OIll (,lld-tO-l'lld position:; ill n honn] O('('lIpi('(1 :;illlilnr positions in fl, 

1)('('ss('11 lind ill H IInil('d ll;;"l'Jubly. (':ls('il1 ~dlJ(, wn:-; lISl'<!, Figlln' 4!J 
shows t11(' JllliliJlg llnd the' po;;itiolls fro/ll wl)i('h sp('('inl(,1Is for thp 
sl!PUI' (('sts \\'('1'(' obtnill('d. TIJ(';;(' :-;P('6IlH'II:-; W('I'(, so ('lit thnt iJl t('st 
tlH' shl'ariJlg stn's;; would ('(jIll(' Oil til(' ('(,lItml !.du('d joint. 

As shown in figlll'(, 4!1. S ('ightp(,IIJ1~' COIIlIllOII n:tils w('J'(~ dri"ell 
from (,lwh ;;i<l('. X:lils :!l, illchl''' long pnss('d through thrt'p InlJlinn
tiolls and I){'n('tnlt(·d OIIf"'quHI'!PI' ill('ll illto the' fourth. Tli('('c' WPI'(, 
t1IPIl JIi nail;; through til(' ('('ntr:tl gltl('d joint Hlld, Ih(' joint huying nl) 
UJ'(':1 of appl'Oxilllatl'ly I:t~ S'lIIHI'(' inC'hp;., lliPI'(' \l'lIS Oil tll(' H\'Pl':tgP 
] nuil for l'l1C'\r Nl.4 ,;qlliU'(' indH's of 1l1'l'1l of tIl(' ('('lItnd glu('d joint. 

(j 
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TABJ,E 2R. SlIlIl'lIlOT!f (~r shear-Mock lests 
._------. ,-,._----------
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-----.-
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1.0tl! 
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!Jl 
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fif· 
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I" 
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}..\Pf!lg(' 1.1H1:t f~:.! 1. l,f~"" "';', 1.1 1-,"' '-11; , jfl~' Llll!. f/' 1. ~~~;, '.' 
~ TIU' Jwn·t'~ll·l!..t IIf ...\ I)od r'UhHP n: f III -I' ~ilPI :u "1;· - ttl,1 l' h'rp a,t'd. 

Ao;: llllly br llntpd from ii)!ll)'p 4\1, -'IH't'illlt'Il"; :\0-'. J 1lI111 :2 \\-PI'P 

1'l'lltC'('('d Oil 11 ]o/lgi(udillll) g;lg(' Jill!' nnd mid\\ It\ 1)(,(\\(,(,11 Iwi)o;:, :\'0, :3 
wno;: Oll n tl'tIl)!'iYP"('"" gm!l' iilJ;' :lll1l mit!w;IY 1>(,(\\(,PI1 I1ni]", :\0.4 WlIS 

C'('Il(p)'prl [oJlgitlldiIWih' :ll1ri !ntlJ";YI'J'..;('h '1)(>1\\('('11 /I;ti]". ullcI Xo,;. ;j 

and Ii 1':1('1l i~I('llld('(1 \;JH' nail tiri\l'll fro'm {'Hl'll ..;idt· ur (Ill' a,,';Plllhh·. 
Hp";111(-.; or 111l' 1(".;(-.; art' li"'(f'd ",p(lHl'Hlt'Iy ill (nlll!' :?~ for (,11(·1\ of ((1(' 

typp'" or IOl'a I iOIl ill (II(' 1I11ill'd u,.. ... P!lIhlip... L()(':I \ iU!1 ill t hI' prp.;,.;,pd 
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0" 

o 
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FIt,l'IU; JU. C;kl'd aT I< 1 l"til, rl a-~I-lh"h fill" ,11I'1l1·1,Jrwk 1.....1, ,llll\\ih/,!; illl':!I;"lt
of ,1",:\1' 'IW(·IIIIl·I.- \0-. I til Ii. 
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assembly has no similnr significance and the yailles entered in table 28 
lIre uyerages for the si.-x specimel1s from cuell prcsscd nss('mbly, On 
Ow bnsis of the ayernrreE> showl) ill table 28, th(' sperinj(,lls from l1uil(><\ 
nssemblies of southern yellow pi11(> had 68 pr]"r(,11 t ns gl'PH t s1trlll'ing
strrngth ns those from the press('d nssem bli('s, tIll' eO'Trsponding figure 
for Douglns fir bring "iR pr1"("ellt. Th(' pprc(,lliage of wood failure 
oi>:-:elTed ill the shenr Hrru WllS lik('wi:-:e less ill thr nailed specimens 
thun in the presse<1. the dpflcienc)" bring much less for Doughls fh' 
thnn for soutllPl"ll yellow pillP, III nddition to the 10wC'r lln>rnge 
YHlues, sperimrm: from th(' lltlilrd nss('mhlirs wel'e eOllsidpJ"llbl)' more 
ynrinhl(' ill strength thUll those from thp l)J'('ssrcl HS8pmbli('s, This iR 
illustrntecl by tuhlp 29, whieh shows OlP distribution of t('st r('sults, 
As mny b(' Jlot('d, strrl1gth Ynlll(lS 1'01' sp('cinlPllS :\os, 2 lInd Ii, ('Hcb of 
which illdlldpd two nails, are )lot ill g£'IH'rnl bi!!her thlln for oth(,I' 
5])(>ci11H'I1;';, ~ails add 110 str('ngth to n glll('d joint 'exc£'pt by producing 
pressure uuring- tIle gluillg, 

(·la'sJit·,lt~ 
POllnd" l)(lr ...qunrt· 


illt'll' 


,'"f. III 

20(1 ~4u 
200 2!JH 
lOU ;HU 
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" 1 Il1.000 l.ul~1 :! 1 

- 5l.u;;o !,r)!I!1 :! ., 
I)1.111i1 l.i HI " .," a 

1.:2001.:!1'1 .; " - 1 

J.l:O I,W!' I:! ., .5 
,I1.;!-It f" :!! I~ j , 

1. >,i(}( , !. :; 1~ I - :l 
1. ·t~,!I I .:{~I~I 


L1lJH 1 .. IW 

1.4.~J!1 L4!I~f 

1.:)(lIll.,"d!f 

1.;',·,11 1. ";~I!I 


Llillfl i.';I!1 

1,Ij,"rli :.lj!i!1 


1.70h L;4!~ 

1.'j~,(1 l,:-!HL 


Tot"l J7 I:' 

LONGlTEJ),[NAL SHEAR TESTS l'NDER TRA:-iSYERSE LOAD 

Four parabolic-ully eurved Ill('I1lhrrs (mude' with :t :~-foot UJl'liPt at 
the' ('('llt(\r of :.?o-foot ('}101'd, sllpplj, ; f'ight SPP('iIllPJlli for tplit of IOllgi
tudimd s}wnr llnd('!' t1':11IS\'(,/'S(, .loud, Eurh of tl}('s(> ('un'pd IJ/<'III}W!'i; 
('oJ1sistpd of t\\'el\'1' :r.;-i/H'h llllllilmtiolls iih ill<'hps wid!', thp -;ix ('Ndrul 
lnminatiolls lwing of SOil tlH'/'ll ypIIO\\' piliP;; lllld th(' 1'(,lllil iod£'/' of 
Douglas fir, Casein gluC' was used, The eu!ypd lllPlIJ IH'/'8 \\'(>I'e ll111d(l 
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FIGUHE 50.-Cul'\'ed mClllllcr for 1\Jllgit IIdillal shear te:;t undcr tmm;\'crsc load 
011 form wif.h ('lamps. 

up in two ma.tched pn,il'ol and one of eneil pHil' '\"lIS damp('d in gluing 
while the other was nailed together. 

The procedure in clamping was the same ilS ill. making the other 
pl1ru.bolic curved members except that the form was placed vertically 
instead of horizontally. Figure 50 shows one of these members on the 
form with the clamps hl place. Four lamilULtions were glued at a time. 

In producing the nailed members the first Inmination was attached 
to the form; the second wus sprene! with glue on its lower face and 
nailed to the first--nniling proceeding from the center of the length 
toward each end. Assembly proeeeded cOlltinuously in this ma.nner 
until alllaminatiol1s were in plnce. A clnmp, placed loosely at each 
end, lle1d eaeh lamination in place while it wus being nniled and was 
tightened when the 11niling wus complC'i('. ,\11(']) the ussembl~· wns 

FWCHE 51.-Armngelllcnt of nailing illllll'lllll"l's Jor longitudinal shear test undl'r 
transverse load. K ulllcrals indicatc positioIls of nailheads in laminations of 
corresponding lIlunller-counting from side next to forlll. Laminations Kos. 7 
aud12 sallle pattern as .Ko. 2: lamination .Ko. 8 salIlC l!ltttcrn as Ko. 3; lamina
tion Ko. 9 salUe pattern as 1\'0. 4; lamination 1\'0. 10 sallie pattern as .Ko. 5; 
lamination 1\'o. ] 1 SUIlIC patiPl'll as 1\' o. (j; f'izc aucl kind of nails: threepenny 
common in lamination No.2, scyenpenny Gcmcnt-coutee! IlOX in lamination 
Ko. 3, tenpenuy COmmOll in lalllinatioll Xu. 4, i\\'('II'epenny ('('nH'nt-('o:~t('d 
box in laminations 1\ os. 5 to 12. 
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complete each end was firmly clamped to the form. A.ssembly of each 
nailed member required about an hour. 

N ailing was in accordance with figure 5l. 
After the four curved members had seasoned for about a month, 

each was cut in the middle and at points 71~ feet (along the chord) 
from the center, forming two specimens each of which was tested on a 
Spfu'l of 7 feet 'with equal transverse loads l}~ feet OIl each side of its 
center. One specimen of each pair was tested witb its convex side up; 
the other with COll\'ex side clown. The set-up for the tests is shown 
in figure 52 . 

M~29nF' 

FIGU]{E 52.-('un·pd lalllinatpd lUClllil<'1" ill tllac-iJillCill position for 
loltgituclillUI sit cur test ultder imu.wl'roc load. 

TAIlLE 3G.-Results a/lollgituc! ili(ll.~/li ar l(.,~t.~ Illtdl'l' transverse load cOUlparing nailed 
with clamped (l.~sel/lblies 

COlll- . 8tn'ss 
:\TUllner of tl'!:it, slJl'cillll'l1 Xu., awl kind of nss"PInbly lIIum putl'!] j ratio, \\'ood 

slwnr t lIaH... d to failure I 

:i\faxi

load 
sln'5s ! ('imll(Jed 

, 
I , J~oll1ulv ) 
per SIllUUf 

}>Olt.'ll(/.'/Con \"(lX side down: 
:U2A, l'Jmnpt'tL __ hlCh I Pl'Tcenl Percent

41i,O·1I) 1170 I 
.:ll;lA, "lIlicIL. , '+60:14, no:lI4A, clall1ped •. 4!151 7·1 ' -30 

'Hi,nOIl 670:1l5A, nailed ••.. +95an. iiOA\'C'ruJ:W ClarnJll',L fi:J1J I 711 I iiO
'Hi,020 1i70 :AVt1ftlgt.\ nailed_ 75 

C'onv(lX side'up: 3 fi151 77 , 40as, 500 

:1I2H, CIIllUp,·!l. 
 :!O,o'lO 4·10:lI:lB, Illlile(L -25 

20,IHfJ aso 80:lHB, cilunpl'd +0
27. 7~O ·100 (isalaIl,lIuilNL 3n. oliO 4,10AnlTul.w chlllllWtl -- +70 

,t~m 452!J. lao ]]0 I.\ "cragl' Iluilt·t!. 2H,:HO ·110 !l8 :!5 
i 

I Obs(,r\'('d I!ftt'f splittjIl~ sI'l'eLlIl'u with \\'('(igps, stnrtitl~ in fissuf(' protlllCt:t! in test. 
2 Tension, no shear. 
3 In H'sts with til(' ('on,I'X sid" of Ill!' Jlll'IIlIlt'r up tlll'f(' is II rndial h'nsion (pl'rpl'IHlieular to till' ~hll'd joint

and to 111l' graiu of tht' w()(Id) ('{lUIII tu uJlpruxillllltply 22 11erc{'llt o1thl1 C0111PUtl1d I0I1~itu<iiJ1111 slwur stress. 

111 considerillf.( the results (tahle ;30), it lilH;lT be Iloted that the speci
mens testpd \\ illl the COIl\T(,X side lip nl'C' cOllsist('lItl)r 10\\'el' in JOlJf.(i
tudillH I slieHr iJwn tbose tested ",i til the COII\'ex side down. ,nth the 
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('ombinntion of cUJ"Yatnre nnd proportions of spr('inJen ulld nJTtlng"l'
mell t of londs, tl]('re WHS H radial stress e<l unl to nbout 22 percent of 
the lOllgituclinnl shelH stress. ] n tlH' sprcilllollS with eonn'x side up 
this radinl stress is tension perpeJ1dicuinr to t11(' glued joint ami to the 
gmin of the wood, whieh tends to 10we1" tilr shelll' resistance. ,Yith 
the other plneemen t, t,he l"ndin 1 stress is eompl"l'ssioll, which in till' 
magnitude that exist.ed in this instnllc(' probably does not nfJ'ed the 
resistance to shenl'. 

It mny n150 be noted from tnhh' :30 that, in three of the rOll!" com
parisons: the slH'in·ing stress find tl\(' pel'C('ll b\ge of wood failurE' is 
less for the J1l1ii('d thn 11 for the dn mped specimens. 

SIGNIFICANCE 

Considerillg thl' dn.tn of tnbll's 28, 29, and 80, it seems unlikely 
tha t as strollg fwd drpendltble glued join ts Ciln be pl"odul'ed by nuiling 
as by dnmpitlg, except possibly by the use of so nmny nails that 
splitting would result nnd that t.he nailing would be uneconomicnl. 
However, in mllny instances members can be so designed thut only 
illoderate sheariug resistance will be Ill'ressury. Fu rtlierJllore, it 
iuav in some instances be eeollomicnl to increase' t.he size of memhert' 
t.o Initke up for the lower shear resistnnce of joints ill lIailed llwlllhers 
and thus provide for gluecllnmilln trd ('OJlstruction undel' circumstmlCI'S 
such that elamping during nssemhl~T is l}(It j"l'usible or ill 1I11'lnh('l"s 
that are too large to lw trnnsported to tilt' huilding site following ns
sembl:r by damping.

On the' basis oJ the <Into pt'('sente(\ ill fables 2X, 2H, lInd :iO. it i,.; 
sllggl'stC'd tlw t tiJr nlIowablp strl''';''; ill IOllgi t ullinn I sh('nI' for IIH'ml)('J""; 
assembled b~T gluing tHlll nuiling should lIot t'x('t't'd two-thirds of tIll' 
value for clamped mcmbers. .A ]('sspr nnHlU II t of nniling tltall is 
represented by figure 51 and uSNI ill the nH'ml}('rs listpd tl1 tabh' 2X 
is not to bp recommended. As mny b(' en \ruin t,pd rt'Otl1 (igu j fi1.n 

eaeb laminatioll hRd t.ilrN' nuil-lll'ntls to ell('h -IA S({ll!\ l"l' indIes. TIl(' 
twelvepC'nny cement-conted nails, :37, inches long, ('xtended COtl1Plptl·l~T 
tll1'oug-h fl)uJ" of the %-inch lnmillu tions. Thuf',. for eHch 44 squlll'e 
inches of joint aren, t,here W('1"(' H nails thut t'xtl'n(\('(l tbrough one 01' 

more Inminntions 011 clleh side of the joint or Uppl'OXiLllntel~T 5 sqUUt'(' 
inehes of joint nren for eadl. nuil that C'xtcnded thl'Ough one or 11100'P 

li\;minations on eneh side of tlw joint. Assembly stulted nt the 0011

eu.ve sic\r of the me'lnb('J" and tb(' first tlll'('e joints Illlei thC' sUl11e lIumt)(>r 
Dr nails hut S0111P or them werp smaller as indicu t(,d DY !ign I"e ;) I. 
The Inst two joints toward t.he (~()Jl\"(,X siele hncl n slllul\pj· l1!imher or 
tIl(' t\V{'!yc'pmlny ('Plll('nt ·('.ontt'<l Ilails. 

In nss(,IlIbling with nnili.;, ('Hch nnil t.hat: jH'llC'trntc's 11 joillt I1ml into 
one or more lnminntions l)('yond 01(' joillt ndds to the' pressure 011 

the glue' und, providC'd it, is driY('Il heJol'(' s('ttillg or til(' gitl(' 1 ll'gillS. 
is dJcctivC:' in improving tll(' udh('sion of til(' gllJ('. Hellce, tlll'maxi
lllum benefit f!'Om nailing t'C'slll ts only when t·IJ(' tlssem bl~T procP('(j,.; 
eontinuollsl~' from beginning- to ('om plpfiol\ and is nt such n ru Ie thn l 
the numbN of !nminut.ioJls plue('d ami lluiled \\'ilhill tlH' wOJ"king 
life of the glup is Ht lem;!· aB great Ill' !Il(' IltllniJer whof,(' nggJ"('gnt(' 
thickness e.q unls til(' lellgLil of til(' nnils. 
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GLLED LAMINATED CONSTRUCTION IN EUROPE 

Glued laminated construction was originn ted by Otto Hetzel' of 
\ \" eimHt', Germany. and is kuowll in mllny parts of Europe as "Hetzer 
C'onst.ruetion" or "Hetzer system" (1, 3, 8), The tet'm is applied to 
any member composed of lamiuations joined with a water-resistant 
glue regardless of the' shape U1' u:-;e of the lllPlllb!'r, Cross sections are 
I-shaped or rectangular, Benms oft('n tapN in depth from the 
center to each end, They may also be of uniform depth and may b(' 
straight or cambered, In structures sbdtl'l'ing railway passenger 
platforms, lmninated collt m liS and clllTecI braces, uneI curved or 
straight "aIters nre used, 

Hetzer construction was lirst used in Germany where it attained 
considernble popularit:'l' bPl'or!' the \Yodd \Yal', \\'Ul' conditions, how
('\'er, resultecI ill u shortage of euspill for use as glue aDd stimulated 
the inyention of mechnnienl dl'\'icps that very gl'eatly increase the 
pfficiency of wood in jointed or fl'HllWd structUt'PS such itS trusses, 
Building with these deyicps hHS In rgely S11 pe1'5eded Hetzel' construc
tion in Germany becnll~e of less eost ill structures in whieh tbe appeur
Hllce is ucceptnble, A fUl'thf'l' fHctO[' has pprhaps been the expil'ution 
of patents on HptzPt, ('()nstruetioll, wlwrf'tls mun)' of thf' mechuni('ul 
fnstetH'l's nl'(' proteetpd h~' pntpnts, I1ncll'Oynlties nUl)' he nil itH'entiyt' 
to tl1t'ir pronlotion. 

Hetzer constructioll was intl'odu('pd in Switz('rlnnd aboltt H)09 und 
and has sinl'e contillued populnl' in thnt (,OUlltt':'I-, Xtllll('t'OtiS builders 
are skillf'd in its tls(', A pl'obl! hlp l'pnSOll fot' its suecpss in competition 
with other t:'l'Tll':; is 11 Se11l'cit:'l' of tIm bpI' of suitnble "izp for framed 
eOJlstl'uetion, Stl'uctm'('S with Hl'tzer ml'mbpl's art' common in all 
parts of Switzerlulld, 

Thf' HSl' of Hf'tzpr eOllstJ'uction ill Dell Ulurk bl:'gnll abou t 1 913 ~witll 
its introduction by u builllpl' ill CopPllhag(\tl, Structu.l'es we'rp built 
by this system as )'Pcpntly as JH~P but it is said Ilot to be eeollomicu.;
at th(' pI:espnt timp ill l'Oillpnrison with othp]' tn)es, 

A plant was built ill sOlltlil'1'1l XOl'\Ylty ill I ~)1!') and a eompttny formed 
to operate UIHkl' the origiu III lIeb;Pt' pntpll t.:', A eatalog issued the 
following ,nul' stu.tptl thllt thi" ('OtH'('l'Il had furnishf:'d Hpt%er membpl's 
for strllctul'P" with ,;onw :?~:: lH'l'l's of roof IU'l'n, Thc' I1rm continued 
in bU.3illl'SS fot' SOlllP Y('HrS until thp bU1'llillg of its fadory and other 
misJ'ortllIlP" CttllSptl its discontinuaJlcl',' , 

.\ company with tl. pltl1lt Oil til(' ballk of tIll' (;6thu Canal nt '1'61'('
bolla, SWl'ciPlI, hpfDllI opPl'uJioll Llllti.l'r lIl't~z('r Ptl.tPllt~ in 191 n ulld has 
l'OlltilllLPd in busitwss, Tt nppc'nrs to Ptljo,\' n mOllopoly 011 this type 
of construction in Sw('(kn, This is perllllV" <1m' to the UdY1tt1tng(' oj' 
huYillg piOll('('J'cd lIt1dpl' tht> originnl pll tPt!!s, ('('dain l1lociificntiolls 
made in thp Ol'i)o!;iIlHI 1~()lIstl'tJcti()J1 llltly ufi'ord ('olltilllll'cl pntl'lIt pro
tection, Tlll':;c' modifjcll tiotls whi('h Wl'l'l' Introd u('c'd s('Yprn I yenr.3 
ago Jed to "Tiil'('hodll cOllstrllction" as tlip lIHtlH' of tilp Swedish 
pi'oduct. \\'ntH' tl'llllspot'ta.lion to tile' fncto!')' doot' for tll11teriitls and 
from it fol' tlJ(' filli"IH'd prodllcts is PPrilllps tl fnctor ill tJI(' ('ompany's 
Sllceess, Thf'il' prod1lct ha,;, I!OWP\,PI'. I)(,Pll tJs('d ill mUlIY ])ll1'ts of 
Sweden besich's thosp r('u.cl!pd hy \\'11 tl'J'wuys, 
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METHODS OF MANUFACTURE 

Hetzer members are almost exclusiydy nUl.de ill S]IOpS, manuiactlll'P 
at the site apparently not having bcell prn.dicC'd. 

GENERAl, PRACTICE 

Elsewhere tban ill Sw('(il>n thp llluJlufnctllring prnrtict' is mucb th" 
same. It consists of spreading boards with glut', asst'lIlbling a lIumber 
of boards in order after spreading the glue, and then dl1mping the 
group against a convex form. FOl'ms are continuous. The usual 
dumping cleyic(' consists of two flat stt'el rods rounded for a short 
distance from one end to pass tlll'Oug-h hol('s in H clamp plate and 

}'Wl.·lt£ iia.. [-looked Hcarf joillt. 

threaded to recein' lIutS. H,pctungular It(jle~ through the flat part of 
the rods perlllit tllP pi a('eIllPll t of ('ross bars a('('ol'ding to tllJ' depth 
of the member being damped. PresslIl'p is [Jl'Od ll('.('d by tiglltening 
the nuts. LUlllinll tions in tIl(' outer portions of a. melll bel' are usua.lly 
full length, bcipg' Sll \\'pc! \\,11('11 nc('ossary hOlll specially cut logs, 
Those in ~he ('.PII tl'al port.ion are often of tWlJ or 1110re pieces simply 
squared and pltwpd end to end. Con.if('l'OLlS wood8 art' llsed princi
plLlly. Boards that hu.H' only sound knots of comparatively smilll 
size are preferred n,nd reSillOltS material is ll,Yoidecl. The llllll bel' is 
llsUiLlly dried, often in kilns, t,o l1llloistul'e content snid to be betW(W1J 
12 and 20 pereent, the> degree of d1'YII('8S rlep{mdiug on the builder's 
preference, Allll1a.terial is planed on the slIrJac('s to bC' glued, 

1'1embC'rs are 1I1t1dC' in no greater lC'lIgths than en,./l b(' halldled as tl 
single piC'('(', Thus lWHms, t\~'()":hillged lll'c1i('S, aJld tllt' .halves of tlu'('l'
hinged arches arC' in a singk kngtll. 

SWgUlSH PRACTICE 

At the Swedish plaut th(' s(lll'dioll, dryillg, and surfacing of ma.terinl 
are done in th(' same way a;-; ('ls(,1I"1I<'I'(' but spl'('inl IOllg boun\s :Ire not 
used for outer InlllinutiorJS. Pl'oeodu!'(' ill a8Sl'lIIbho di(l't'l's [rom t}w.L
pru,ctieed ('ls('wh Nt'. ' 

maell purt-l('ngth lamillatiOll is prO\'ided with n hooked scm'f (Jig. 
.'53) at euch (,lid fOl'lI1ed by passiJlg it sid(,wu.\'S un(Ier a ('utter head 
(~quipped with. ])ropPI'I)' shtlj)(ld knin'.; alld I'P\'olving about all n,xis 
parallel to the leugtb of th(, piceo. The eu tting is til us across th(' 1-: 
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grain of the wood. A properly ilhaped "fence." or guide, follows the 
board and prevent::: fraying or splintering as the knife leaves the cut. 

In assembling. the first lamination is bl:'ut all(l nailed to thl:' convex 
side of a skeleton form. The second is then "prN1.d \vitll ghlf' on one 
face, placed against the first and Dtlilecl to it. the nailing follo,dng the 
bending closely. This is repellted until Hw (11:'.;ire<l rHunh('l' of lami
llutions han' been placed. The t1ssembly is tht'u. after placing damps 
of the typl:' pl'E'dously (lpscribp(l. rptnovecl from thp form. The scarfs 
at the enels of pal't-lE'ngth laminations ,n'(' glul:'d lmd lltliled as ao;sE'mblv 
proceeds. the steppl:'<1, or hookl:'(1. form permitting tbl' two parts to b-e 
quickly l~nc~ !wclU'Htely positiollNI so that they neitber stand apart 
nor OVPI'h1.p too far. The hookl:'d scarf joint:: ob\;ously have less tensile 
strength tlULll thl:' pil:'('es joine(l. However, WhPll tJ,('e1ll'ately madl:'. 
they are "uperior in both tensioll und c'.omprp".:;ioll to butt joints 
und have tllP furthpr ~ldvantug(' thnt 1:'11eb pipcl' ('ill! be bent n,ll the 
way to its end to makp intimate contuct ....;th tLrij,t<'pnt IamintLtiolls, 
thus avoiding sHeb opening~ in long-itudimd joint" lH't W(,!'ll ltunintL
tions as may result \,;t11 butt jointsin laminatiolls ilig, :2:2 '. 

The product of thp finn Ht Tijrpbodu i:" prt'clornirwlltly dN'p members 
with I-f(llm e1'O:"" sl'ction, Wpbs Hre fllbricllted as jllst (If'sctihed after 
which widp!, larnilllltiollS to form thp finTU!p'" 1ll'P ll<ldpd to tbp pdgps of 
the web. EI';(>W!JP1'P "titrPTlPrs for tbl' wpb,; of lllPlllbp[,,, with I-se;,tion,.. 
are placed with thpil' grnin radinl to tlIl' memhpl" lind bellc'p ttt right 
angles to tlw grnin of hlDlinntiolls in the ,·vph. In Tiirpbocln prncticp, 
"tifff'npr:" IlI'I' short sections of assemhlie:" nltHI" up in til!' ,;ume way us 
thl' wl'b 11l1d hnve thl:'ir grain pllnIllel to tlmt ill thp wpb. \Vith this 
arrnngPI1H'nt, high ShNl.l'ing strpss betwpen web and -;titfpIll'I' is nvoidprl 
if swelling or shrillktlgf.\ O(,C'llI'S bllt tlIp "tiffI'IlPI':- an' Ies" pfj'l'ctive in 
their ptiIllary function of reinforcing thl' webs against buckling. 

Some of the Torebodn ('onst\'lletions tWo' desigIlt'd tl~ two-hinged or 
hingpll:'ss arches. the ribs being mudp in t\yo or more sections fot' 
(~onvpllience in trnnsportu tion, The ,;eetions are made with square 
ends and are provided with it wooden spliee pIn tf' OIl e'l.eh ~itll:' of the 
web ttnd metal splice plittes on top twd bottom of encb fiHnge. A 
typiC'HI TorebodH arch rib of 12i5-foot spun is mad~' in threE' sections 
and one of 1i54-foot spnn is mude in [our s~,ctions, 

BE'nding by thE' proepdurf' used in thp ~wpclish rlnnt probubly caIlnot 
bf' done if thp ('urvu turC:' is ,;pvpre, The fOl'Pgoing two-arch ribs liltve

• 	 Ianlpllu thir'knes,;(>" of I.W lind l.~;) inr'lips ('olllbim'r! with rn.dii of 
C'll!'vntul'p of 4~.ni5 and ;jS,:2ii [('('to j'('sppctinly, thus giving t'utios of 
mdills to thicklw,;s of 404 nnd ;);)4. 

DESIGN STRESSES 

Stresses reported by European engitwers as used in the design of 
ghIPd laminated mpmbers l1.l't' l.~RO to 1,710 pOllnds pet' sqUt\re inch foJ' 
b~'ndillg Hnd 115 to 170 pound'S pel' ,;qUUI'P inch for shell!'. Stress ill
du('('ri in bpnding luminations i" iJJ gPlIPral disrpgardp(l, no reduetion 
ill design -;tr('ss('s IwIo\\' tho"p for stl'tlight ml'IlltWI''' being mude. 

.. 
INSPECTION OF STRUCTURES 

Duritlg thl' summ(>l' of 1 !laO the au thor visitl'd in Cf'l'[JWJl,Y. Switzer
lund. DPlIflItll'k, ~()I'WllV. allrl ~w('(kn. it total of UbOllt 150 "tnlC'turc,; 
I:'mhodyillg' glued JHUlill~ltpcl ('Otlstruction alld vurying ill ngp up to 25 
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Years. Careful inspcction wus made of tllP glu('<i laminatcd membcrs 
to determine the pxt('nt of U('CU)', rlw('killg. opcning 01' glued joints, 
deteriol'lltion of gluc. or clHlngp of shupe of tbr lllPmbcl". Till' foliow
ing pnrugraphs rdutr to the most signifi(,tll1t OhS('ITution;:;: 

Footbridge ow' raihl'oy track, Arlo(fsbll'g, ,')'11'((1111, built ill .1D2J.
The dcek is supported by fOUl" Tiin'hoc1u l)(,lIllls of I-slwpcd cross 
spction und 36-foot span. \Yutc)", retnin('d in a joint nt till' jUJldion 
of one of these heums \"ith n stair string, hus e!lllsPc\ dl'(':lY oj' the wood 
nnt! completp dd('l'iorntioll of tltr glu0 llClll' tltt' jlllldiOli. Othpl"wisc 
til€' strueiUl"C i;:; in ('xcellpnt cOlldition. 

Tower about 5lJ fat ~gllaJ'(. {'II in I'sii!/ (d Ziirich, Ziiriclt, i",'lI'ib ria fill, 
built 7'n lntJ.-- HooJ stl'uctUI'(, is of U('tz.PI' cOllsil'uC'tion (fig. 54). 

M33: .. ~F 

FH;t'RI': .i·J.··-Tow('r of l'lli\'('r~ity of Zftril"h. ZHl'il'h. i"witzerJanrl. TII\\ roof 
J"rliluiug is of )J;1'H'd huuiuatl'(l t"lllstrlletioll. 

TIH'lli P 1',\ ft (' 1''; n J'(' ell) il1(,Il('s wid P h.\'j :~ 1~ i11(, hes d ('P p, ullci Ita \'(, a to [:II 

of ] f) I,llllilltltio]l';; otllt'1' rart(\I'::; llrp ;P.! il1('\I('::; "'tdp by 7 illc\)('" d('t'p, 

und have f:llumill:diolls. Tilt' slIl'facillg of lalllillHtiom; i,; oilly mod(\I'- ~ 

tltdy good. ('olltillllou::; PXPOSUI'C to ",nl'lll nl1d dry ntmo::;pherc lins 


J'esultN] in ouly slii!:ht opellillg of the glut't1 joint::;. 

lIar/gar at llli/ilaf'!lfl!lilifl./idd, ])ab(//I/()r}, "/1((11' Zill'i(·ft, SIl'itz(/'lalll/, 

hllilt 'in lfJ18. The building is !if) hy 2(;:3 J(\l't. TIII'N'-.hillgl\d /Ietz.('I· 
Hl'chps of (j;")-J'oot spn II spac(\( I nbout J4:1

,; J'(\pt n1"(' used. Tlte )'i hs are of 
uuifol'm SP('(io[] eU;.! illCIH's wide h.v 2(j,1~ ill C'l I!'S d(\pp) throughout thpi!" 
h'llgth, eX('\\jlt at crown end" \ylH'l'o tllt'y un' l'('du('('(1 to uhout 5 by 20 
inches, Hnd pa;:;s ihl"Ollgh a YNti('ulllost who;:;p 10\\'('1' (,Ild. ('OIl'U('('(S with 
the uttie floor SY;:;(PIlI. Thrl'c Inminutions at the top nntl bot tom or 
rnch rib nr(' fulll('[]i!:lll of the half nl'clt. Tltt' nUie or till' huildillg is 
]HfW lls('c\ llS qWll·L(')"S. 1'01' the l)(,l'SOIlIlt'1 sinliolH'Li at the Jipl(l. The 
nrch rib" sho,," ('())lsic\PI':rble ('h('cking Hll(1 some opPllillgS in ghwd 
joints, bllt llOIlC of sllfliC'i0J1t ('XU'llt to be sprious. 

Station platjOl'llL roof stl'llCillre at Tro/ldltjl'lll, XOI'II"UY, {)/{ilt ill mJl. 
-Tills structlll"O (figs. 11 and 55), has 17 I)(,llts spaced about 2i:i f{'('t. 

http:U('tz.PI
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., 


FIlinu,; ii,'), ,Old!'/' faC'" or I'ml 1)f'lIt millln.l· l'iatioll platforlll mllr, T/'flndhjl'm, 
:-;IIl'1ltlY ("tWH' ~t['1H'tlll"!' 11'; "llIJ\l1J in Jig;, .11): .1, :;light olH'ning or IOllgitudillal 
joil'!;;: if, iIJJJ)('rf['('! jOllgitlHlilltll jllillt m'Il!' hlill joint ill lalilinatio1l. 
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,
The joints were slightly open in outer fuce of end bent as indicated in 
figure 55,.fl. Such opening of the joints is typical of muny structUl'es 
of tills type. Note the opeIllongitucliuuJ joint adju.ccnt t·o butt joint 
between parts of lL bmina.tion in figure 55, B. 

Locomotil'e barns of Federal Railways at J~fI''Il, SU'itzel'll1l1d, built hi. 
1912.-TapE'l'ed Hetzer thl'l.'0-hinged nl'ehes en.]']'.v the roof o\'el' foul' 
hulls vnrying in width from 55 to 80 fet'i. Tht' ribs llrt' of 1'I.'ctunglIlnr 
cross section, R}2 ine1ws wide with rndial dl.'pihs of ubout 18}~, 40, und 
16 jnches at bas(', knel.' , und roof P('uk, .1·('sjwetin'ly. Th(' spaeing of 
the i11'ches is 1Gfl.'l.'t. The building wus lIsf'd for II bout) 0 ,\'<'11 I S for 

M33832F 

FI(:t'ln; ;i(i,~GllI('c1 JamiJlakd al'ches SIIPpol'tiJlI{ roof of ('nl'-l'C'jlnil' "hop of 
J.iit~('h(,l'b('I'1{ Hailll"ay ttt Hiinilll{l'Il, l:hl'itz('ri:tnd. I:-\PtlIl 102 fed, :t1'('ll('s abollt 
G ill('h!'s wide by 20 im'hl's de(·p. 

steam engin('", SUbs('(jlH'nUy it llllS hous(\(l pje<'il'ie lo('olllotin's. 
Origillully the buses of titt' u]'e1w,; 1'('';(l.'d on ('OIl(,l'etl' piC'l's ii few illcll('s 
above tIll.' 1Io!)!' l('n'1. J)('('uyl)('ga 11 SOlll(' yt'nrs ngo at the intt'I'
mediate pi(']'s llild about 4 j'l'l'i of tIlt' 10\\,('1' ('nds of :\rc1l ribs wen' cut 
oH an.d r('plue('d by ('OJlcn'te' pl.'destnk S('\-('l'n 1 of tltt' Hrrlws show 
seyt'l't' chocking at the ]';:n('(' S('('tiOll. 'I'll(' (,lIgin('l.'r lInd('I" whose SUjWI' ..
vision the building wus d(·..;igll('d und. (,l'I.'('ted nttributNI tllis f'hl.'ekillg 
to ]I.'SS cu,J'C' in sl.'tlson.ing material thun is now ]Jl'ueiicl.'d, Sen'I'p 
checking ohtnills also Ht points along the roof )1('[U' tlie shed-llH'tlll 
ducts formerly uti('d to conduct. smolw und hot gusl.'S. 

Lo('omotil'e barn, Stuttgart, (/eI'lfWIlY, built ill UlJ.3.~JJ']l(' Spilll of this 
burn is about so 1'('<'t. Ildz('l' thr('t'-hingt'd nrelH's, about :31 illch('s 
deep nt foundution ullcI 4:3 illcht's d('('p at Im('(', are ('mploy('d, Thp 
memb('l''; 1\.1'1.' ill (':('(,]1('111. eOIl<iitioJl with 110 S('l'iOllS ('h('eking and no 
I.'\'idcnc(' of J'ni] un' oj' gltH'd joillts. . 

Oar-rPjJoir shop (~f iJils(,/II'rbl'l'Y ]lailllYl!!, J~ihli1/(JPII, '/lPlJl' Intpr/akl'iI, 
SU'it:::alaru/, built ill lWfi.ll('{z('r tl]'e]l(';'; witll til' rods U!'(' tlsed ill 

this stru<'iur<' (fig. [j(j l. Tho spu II is 102 ]'('('1. Tilt' s('c1iolls of the 
al'('bt's HI'I.' about (j hy :~lO .indH'~. SOllH' dwckillg O('Cllr;.; ill parts of 
the arches ilmt lIJ'(' (':\1)Os('d ihroui-!:h skylight" to ill(' SUIL 
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THE OLnm LA:'IUXJ.TED WOOnEX ARC]I 

Growing ltou.~e jor plants. St. Gallen. Sll'it;;erlal1d, built ill 1913.
Three-hinp:'f'd t1rrlws of about BO-foot SpiLll ]'p~tillg 011 ('oIlCl'pte piers 
about 2 fpet h1i!h ;;upport the strudu}',' (Iig, 57). The al'ch ribs 
pxhibit no sip:'n of ('lit'('king, opening of i!l 'I('d joillt~, or oth('r ([('terio
mtion although ('oJ\ditloll;; \Yithin tllp building al't' tl t times wn1'm nnd 
\','rv humid. . . 

iilCloJ'!f bIJild;/I!I. ('rljJlli/WfJfll, Dllollllrk. b,/;/t ill 191J.-11etz<'1' 
:l1'cl)('s (,tllTy tIl(' roof (Iig. ;'j:-; I of 111(' huildillg" OY('l' JlW~Olll'y wnll", 

FIn ('HB ii7.-Gro\\"ing hUlls!' fo/" plant,; for cit," g-ardI'JI:<, I"t. GaIlI'J\, H\\ill,priund. 

The spun is GO f(·pt. B('Ctlll~e of tt slri);;(' during e)'('elioJl these arches 
lit.ood unprotecU'd during wet w('n l1H'r frolll February to April, aml 
th(' following SUIllIlH'r WllR hot Hnt! dry. 'j']l(' n1'('I1('S nr(' in good 
condition with no RNiOl1S eh('c],ing OJ' opPlling of glll('([ joints. 

F()utbrid!j(' or(/' J{([rll/Uus81/'([,~8(, ZOrich, ,')'lI'il;;(I'/((III1. built I'll 1,9B8.
The Rpun of f.hiR bridg(' i::; alJOut. 20 fp('l (Iig-. ;'i\)). H wus d(';;igned 
as it two-hinW'd nrch, but. it. lIns ]10 netu:!l hingPR. TIle ),ibs h('Hr at 
tlH' (,)Hls ngn.illst lin illc]illt'd fn('(' or n ~L().IIl' nbu(mPllt whieh 11:1s f), 

ste('l plttt(',' slightly S111 (11 1('1' th:lll tIle ('r()R~ ;;('('(ioll of nreh, inl<'rposed. 
TherE' WllR Jloyisihle dpt;('riorutioll II t tIll' lJIll\' uf illlil><,dioll. 
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Bridge j01' 'L'ehicnlm' traffic across canal, C'ope1thagcl1, Dtmnal'k, built 
in 1929.-'1'1)(' spun of this hridge is 52 feet (fig. 60). It is eHlTied 
bJT foul' full-length Hetzer nreh ribs. A sh('et of roofing ]laper Oil 

M;;;3E<3'F 

Fwnm ."i,I.(. H('(z('r nr('I\(',; raJ'I'.dllg r()of on'r 1l1:lHOIll'.\·-lrullpd f::\('(or.\' bllildillg' 
Cup{'II hag('l1, D("lIlItu·". 

FIGl:!!], ;"in.- Footbridge un'r Kurthall:-;:-;(l'll"H(" ZUrich, Hwitz('rl:l.IId. 

l,op of eurh rib forlll::; It roof ('xl(,lldillg about Hn iudl (,:I('h sid!' of 
rib. A hrut timber nbout 2 illdlP::; tlIie'k re::;tillg on this pupC'r nfrord::; 
benri.:ng for short spnlldl'(,J ('OI!UllllS slIpporting tllO bridgo dl>('k. 
'1'Jle stl'uetUl'G l1U" 1>('('11 kppt wl'll pailllpc[ and titc nJ'('lJes show ))0 
sign of d('Lcl'iol'nliOll or of OjH'Jlillg' of p:l!lr(l joiJlt:-:. 
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DURABILITY OF GLeED l~AMINATED CONSTR{,CTION 

'1.'11(' obs(,I'Y:l(ioll~ 1'('1nl.('(] in tll(, ]J1'('crdillg J)nrngrnphs point io 
IOllg lift' fol' lll('IHi>('I'S lnmilln (('<I with ('aspin glll(, \\lll'll lls('d in build
ings in "lllcll Jlol'llllil ntlllosplt(,I'i(' COllditiollcl !)/'p\'nil. Luck of 
('xumpl('s of lllPH) h('t s 1hn t 11:1 \(' fnil('d or lin \'(, s('l'iousl,Y dl'tl'1'iol'a tpel 
lIlldP]' such {'X]J(lStll(' durillg til(' tllil'</ of n ('(,lit tilT of the history 
of this IYJl<' of ('ollsll'tlctioll JlI'('clud('s :lIIY hut optilllistic ('stiIll11t('S 

• M-J::.:a-:'::322CF 

Flr;I'JtE 00,,, Hridg;(' (J\ ['I' ('Ulllll, ('''jJ('IJi,ag('II, 11(,1'llIul'k: .1, "itl!' \ j('\\,; lJ, ullder 
yjp\\" 

oj' h'lIgth oj' Jif(' :1l1<l jl!'I'JllHII('lt('('.FJ'OIlt (,X!)('I'iPIJ('{' to <In te it SC't'IJJS 

S:I[P to nSsIIJll(' tlwL ca..;('ilJ-!!'!tI('d 1:llllina('d C'OlI,.;tl'tI('tioll wiJllnst :.IS 
long :IS solid \\'OOd(,ll 1J1('llll>('I'S of :lily bill thelllOl'c dUI'n.IlJ(\' sp('ci(',.; 

OJ' of jll'('s('I'\'ati\'('J), tl'('(1 ((>(1 1IW l<'l'inl. 'l'JJ(1 ('hul'uc'(,J'isti('s of ('Hs('ill. 
glll() n'IHlpl' iL 1I1lSlIil<'d f(JI' lIse jll lIl(,llll)('I's in COlltHct with damp 
('U1'th o/' \\'lIrl'(~ tile llloist U1'(, ('olltrllt of ill!' wood Jll:lV l'cpratpdh
('x('('cd :w IH'J'('(,llt, slIdl :)s in gl'(,(,JlhollS('S, (,())IS(,ITatoj'j(,S, 01' ]llllj>
mills, 

Tile o/);:;('I'\'('d good cOlldit ion of IO('olllolin' slol'llge alld 1'('!J:li/' 
huildings IlJlel olll(·/' l':iiJ\\'u,r Stl'lJ('tlll'(,S ('()lIfil'I)IS tllo ('luilll tJlllt clls('ill
glued lamiwt!C'd ('()Il~[l'lI('(i()1l is IIOt. aU:J('I\('d by flllllt'S 1'1'0111 ('onl
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fired locomotin's, Tllp reported good r<.'cord in chemical factories 
jn Switzerland oyel' a period of yrars is fUJ'thN'1ll0rp indicative of 
excellent l'eSistHnce to clll'micfl.l fumps, 

Obsernl tion of l'flilwu.y-pns;;(,llgN pin Horl11 st!'lIdul'rs aud tIl(' 
soundness of two hridgrs thnt had hrrn in sPITicp for 7 lllld 8 Yoal'S 
indicatr thnt pxc<.'Ilt'llt }wJ'fol'mmH'p 111l1,Y he t'xppct<.'d from clif>pin
glued l:uninnt<.'d llI<.'lllbprs in outdoor 8tl'lwtllr('8. »n)\'idN! they arc 
built so tllnt dmin:tg'(' und Yrlltilntioll will ('HtlS£' th<.' rapid I'un-ofl' and 
evaporu.tion of 1l1Oisturr, Obs<.'J'Yl'd dpcuy oj' wDod and dpteriomtioll 
of glue ndjnc('nt to it poorly dl'llinpd il11d Po()I'l~' vpntilntpd joint 
after only 13 y<'Hrs 8rl'\·ic(' of the stTllrturp e11lphnsizrs the need for 
careful design of ddnils. ~ 

A\7flilfl.hillt~, oj' c:\8('il1 gIu('s of j'ully tiS g-r('at durllhility as those 
us('(l in somr of t.lH' EUI'O(l<.':lll ;;trllct.UI'/'S togdhel' with superior 
pructic<.' in eonditiollillg mn t('('inl and ('n 1'I',\'illg 011 t gl uing oprl'atioJ]f; 
are fncto1's that ;;hould ndd to cOllfid(,lIc<.' in Americllll-built casoin
gl ued Inminll.ted C'ollstl'llC'tion, 

Glues mn(\(' fl'om SYlltlwtic r(';;ins and Ut'(,H Hre Illu('h more resistnnt 
to moistul'(, :md to flingll;; nttnck (hnll ilre cnsein glu('s, These types 
al'f' JWillg inC'l'C'Hsingly uSNI ill til(' l1ul11l1f:lctm'(' of pl)'woocl, For tlI(' 
most part. high tempC'l'aturC's HJ'r J'('C[uil'C'd for setting tl]em nne! 
they arC' eOll;;pquently not. in 8;C'11('1'nl. N'OJlomicnlly usn,hlp for build
ing up lnl'gC' memhC'I'q, Fl1I'thpl' c\e'wlopm<.'llts that wiHrender them 
I1.pplicahlr an' to bC' pxpPC'trd, Such dry('\opmen ts together witll 
ndyanee,; in methods of excluding 1110i;;tul'e nJ1(1 in gluing material 
trratrd for rf'sishulCP to firr, illsrd. and fungus n.ttnck may be 
rxpertf'd to illcre':1s(' tilr durability of gIll ('(I Inmillnt<.'d cOllstrllction 
and to ext(,llcl. the' lirld of it,; applicability, 

DESIGN AND ANALYSIS OF ARCHES 

Th(' purpose' of this 8<.'ctioll is to gin' n silllplifiNI outline of the 
throt'y of thr arch ns it reI a teR to tIl(' d('sign u nd :llln lysis of glued 
laminut('d arches, 

Design of' nil Hl'e'h usually invojyr;; "(,ut-lind-try" PI'O(,(,c!UI'P to 
:lome extent 1)('('Buse the moments and I'orcrs on it ('nnnot Ill' ('ol11putNI 
IIntil thp position of thr nxis has I)('('n df'[('I'lllilwd und this cnnllot 
bp <I('ci(\p<l until SOI1H' of tlw otilrr <liIlH'llsion;; HI'(' kllown, For 
rxnmpl(', til(' Labol'Htor,\' "<.'ITi('f' buildillg' was f>1)('('ifif'd to Iw.vp all 
extl'nml width of 4n f('Pt. 'I'll(' ;;pun of th(' thl'f'p-hingpd Breh could •!lot he known ulltil til(' dimensions of till' I'ih nt the fOllnci:ltion wel'C' 
decidrd and the I'('(fllir<.'d ciin]('nsiom; dl'pl'11d in tUl'n Oil til(' span, 
Also the I'f'nC'tion and monl('llts ill n tw()-llingrd llrC'h ('nnllot hl' 
comput('(1 until til(' siz(' oj' ('ross srction and position of tile' nxif> is 
known, H('nc(' it is Il(,C(,;;SIlI',V in drsigllillg n two-hing('d :11'e11 to 
assume the position of th(' :lxis. rstimntp th(' nrN';;SIlIT sizes 01' ('ross 
srction, ehr('k til(' stresses an<l. if they Hr(' found to be ullsatisfnctory, 
to revise til(' d ('sign, 

Two-hing<.'d and thrN'-hing('d nrchrR an' thr type's to which glupd 
lamillnt('cl ('onstl'll('tion is hPRt ndnptNI. B('callse of its simpleI' 
structural action, the latte!' tyP(' is dis(,lIss('d first, 
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THREJ~-HINGED ARCHES 

The three-hingrel ar('h consists of two parts pin-connected 01' 
hinged to their support::; and to t'Heh other. Tn t.llt' more common 
symmetrical euse, the two supports nrc a t the ::;nnw 1('\'1'1, and tl)(, 
parts are alike nnd meet a t the high poillt or er()wJ) of the I1rC'l1. 

'l'he tliree-lling('(l ar(,h is statieully determillate, that is, its Ilbut
mellt reaetiolls under n,lI,Y loadillg' eiln be determined from the threp 
basie equations of stutie equilibriullJ of forces il) a plane: (1) The sum 
of nIl vertical 1'or('Ps mllst be zero; (3) tlJ(' sum of nllllOrizontal fo],ces 
must be zero; (3) the Sllm of the momen ts of all forces aboll t iUlY 

point must be zpro. AppliC'lltion of these equations to the arch as ~1 
whole determin('s the verticilI l'euctions and establishes the fact thn,t 
horizontal reactions or thrusts euused by vel'tieullouds a.l'e equal nnd 
oppositely diI'PC't<,d. Dt'termillH tion of the mag'1l i tude of the hori
zon tul thrust I'eq uires npplieation of the equll tiolls to parts of the 
arch sepnrately. The purls s('leetC'cl must be free fl'Om moment nt 
('itll(,I' encl, otllenvise ndditionnJ unkllowns that CBIlllot he determined 
are introduC'C'd. JnnsmuC'h as no momt'nt Cfll1 exist at a hinge, tIl(> 
intermediate or ('['own hinge qualifies ns t.1lt' poillt of sepnmtioll, 
J..pplying the I'quntions of equilibrium to nil f()l'(~es ueting 011 th(' 
parts to the right and left of this Ilillg(' det('nnines the horizolltnl 
thrust. 

Design and Ulwlysis of a tIJl'(~e-hillged HrC'h are faeilitated by a 
('onsiderution of thp cq uilihri urn polygons 1'01' the sppcified loading'S. 
The equilibrium (,lIlTe or polygon is the moment diagram for tlIP 
spt'eiHed londing' dl'HWIl in suell a position and to sueh a scale that it 
pnsses through the hingc's, Flll'(hel'fllOI'(', it is tIl(' "Iinenr nr('h" thnt 
IIl1del' this loadillg' wOllld I)(' sllbjP('(C'd only to IOllgitudinal for('es 
in :lily of its purts. tlwt is, 110 bellding Illol1wni would exist in any 
part of slleh nn nrch, 

THREI~-HINGED ARCH UNDER VERTICAL LOAD 

gquilihriull1 polygolls, borizolltnl thl'ust, and Hrticul l'C'adiollS fOl' 
three lUTungemen ts of Y(,Itieul londillg are shown in figu 1'(' GJ A. 

B, and 0, 


The following properties and lIses of the eq uilibl'ium polygon 1'01' 
vertical loads nre I'endily demonstrated: 

J. Thp hpllding- 1I101liC'llt at' ailY point Oil tIl(' al'ch nxis equals Z. 
the \'e1'ti('ul dis{nll('(' fl'Olll thaI poillt to thp pqllilib1'iulll polygon, 
Illultiplicd by D, tllc horizontal thrllst of thl' arch, namely, 

J[ II/Z 

If the' al'ch llxis is helow thc (,C/llilibl'ium polyg-oll. tlw IllOlIl('n(. is 
positivI' (HuC'l1 as to CHII::;(' ('ornpl'pssiol\ ill thC' upper Illld tCI1SiOIl ill 
the 10\\'01' sidps of thp Hl'eh rib), and ('on\'PI'sply, Thlls ill figlll'e IiI, 
A and (} thc mOIllPI1 tis posi th'e betWPPll 0 lmd ,"; Hnd neg-nti \'(\ h('t\\'('('11 
L Ilnd () and bpfi\\'I'Cll ,,)' Hlld R. In fig-IIJ'(, (iI, H it is IIf'g'a tin throug-h
ollt. 1 t is 1\('1'0. of ('Olll'St'. nt tIl(' hing'('s L, 0, ulld if 1I1HI at points 
where, ItS HI S ill figure Gl, A and C', the equilibriulll polygoll CI'Oss('::;
Ih(' arch Hxis. 

H:!ilK ~ 30--7 





2. The thrust pura11el to the a,rch axis, and the shear at right a,ngles 
to it, are the components in those directions of a force whose horizontal 
cornponen t is II, and whose direction is parallel to the direction of the 

pLOAD 

o / EQUILI8RIUI'1 POLYGON 

H v. = J.::gji p
< ZA 

LOAO W # PEe FOOT ON FULL SPIIN 

o 

e(lUIL/fjRIUI1 POL Y60N- PARAfjOLA 
WITH VeRTEX AT CROWN HINGe 0 

H 

B 

LOIIO IWiPER fOOT Of{ HALFSPANI 

E"{/ILliJl?11J1"I f'OLY60,Y-.fTRAluHT UNe 

L TO OJ PARA80LA 0 TO Ii! WITH • 
IT5 VeRTEX 1 TO THE RIGHT AN/) 

ARCH ///'.. f A80VE O. VERTICIIL OISTI1NCCS 
AXI5">-

FeOI'1 TH!: LlIVE 0-£ TO THE 
/1 PARA80LA ARE EXACTLY TWICE/7'""2-

A5 uREAT AS IN lJ,/r-----
/ 

H 

Fw ('1tg (j l. Jo:q II i1ilJri II III POIYf!;OIl", horiwllial t hl"ll~l, alld \"('rtie:!1 reaction" of 

thr(,l'-hillfo.!;cd arrh 1111(1('1" \0(' r(. i("III load: .1, :-iillfo.!;lc ("()II('('lltmLc'd loud; 13, loarl 
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equilibrium polyp;on ttL It poin t v(wtiieully ill liJl(' with the point in the 

areh axis thnt is uncler eOllsideration. 


In flccordnne(' wiLh this relatioll the thrust and the shear aL any 

pointisloLlJld bysilllplegraphics, Hsillustmted f01" poillt UinJigure(-j2. 
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In the ding-nuns at the right in Jigllre 62, (I-b J'epJ'esents fl, the hori
zontal thrust of the flrch, to senle and b-c is pel'pendiclllilJ' t,o a-b. 
.A. line through a pnrnllei to JfX (which J'epreRents till' direction of 
t.he equilibrium pol~'gon at [" ill the same \'crtieai ns U) intersects 
b-c in d. The diJ'ection of Hll' arch nxis nt Cis J'epJ'CSPll (pd by a-e, 
\\-hich is pnrnllel to ((W. Thl'n d-f is drawn f)('J'penclieulnr to (I-c, 
nnd (I-I llndj-d rl'pJ'l'sent, ill alllotlnt nnd dir('ctioll, till' thrust nnd 
"henJ' n<'ting nt Con tlle portion of Hll' arch to thl' rigllt of {-. 
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FWUlU, 02. (:rtlphicl1] Illdhod fol' filldill!.( tlirll;,t nlld ;;1i('1l1' at It point in titl' axis 

of n titn'p-Iiillgl'd tll'eit. 

Considpratioll of such ding-rams as figlll'PS Ii I and n:z anci of thp 
pro(l('lties of the P<lllilibriUIll (lolyg-on us ,iust stnted Nwbh's OIlE' to 
readily visuulize t.he IIc'Lion o/' It thrpe-hini-!:pc! arch un(/('1' any condition 
of 10!l<ling. " 

Figun' Ii], {1 and (' illustl'llh's pC(uilibriulll polyg-olls foJ' lond lIni
J'ol'lnly distribllh'd 011 tilP /'ull tll'('it lIlld 011 tll(' right half, l'('spectivei,Y, 
Lond that is uniformly distl'ihukd Oil II roo/' is not ordinarily clll'l'i('d 
direct,ly hy titt' Brcit but is tl'illlSlllitu'd to it :It PHIlPI poillts hy pul'iins 
or other mombers, His (,OIlHllOlI ill tlil' til'Sig-1I o/' roof nrcill'S to illves
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tigate stresses for load uniformly distributed oyer the entire span ami 
over one-half of the span only. For eithN of tiJ('se conditions, thp 
eq uilibrium poLygon consists of st.raight-line s('gmen ts with its verticps 9 

at points where nwticnls through the panel points intprscct the parn
bola shown in figure 61, JJ or C. Thus the moments at pnnel points 
are exactly the snow ns if thp londs wet'e cntTi('(1 directly hy the arch. 
The correct thrust and shetH' 10 at the left (or right) o( a pnnel point 
cun be found by using as the dil'PC,tion of such It Line fiS (/-e in figun' ... 
62. the slope of the pnrnboln fit n point half a pnnel ]pllg'tit to thp Lf'ft 
(or right) instead of 1.'v11V, the slopp at II point n'l'tiC':llly in lillp with 

.. 

j\QUAl 
(OISTANCES 

,': 

_____...____ --o_____ ._. / ___-,~ .. 
, <-EOt/AL OISTANCES'-'/ 

FIGUnB 63.-Two methods of dm\\'ing n. tangent MIL sp('cifit'd point Oil lL pamiJola. 

the pa.nd poillt. These rrln Lions make it [ensibLe to use til(' PC( uililJ
rium polygon lor ul1ifol'mly distributed loud instrad of that for thl' 
:letual pand point londing alld n!l'ol'd H bnsis for \'('IT silllplr iLlWlysis 
of stresses. 

'rIle determinution of thrllst find slwur I'equirrs findillg the tiLngrllt 
to para,bolic p'l.rts of [lIe equilibrium polygon 1lt Slwcifiecl point.s. 
The axcs of tbesr parabolas Iwing vertical. and th('il' yt'rtiecs bC'illg 
lmOWl1 , tang-en ts (,HIl be founcl by ('iUIN of the two sim p.I(' methods 
illustrltted in figure Ga. 

3. In addition to till' two properlirs of th(' equilibl'iulll polygon liS 
nll'eiLdy d is('ussed, there is :L further im porta n t reiati()11 b('twN~1l the' 

i 'l'he fnct Lhlll huH!l pllllello"d is etUriNl (l;n'~Uy to th,' n),I1I .... ·11I. nlldthlls hnh IIn"fTeet Oll til(' an'h 
itself, L'llUSCS tho equilibrium POlygOll to he illscrilll'd ill til(' pllrnl10lu thai is t11.. ,'quilihrilllll ('lIr\'l' for ulli. 
form distribution of load. If thl' pnncl lonrls Helcd on til!- IIrcl' at til\' ,'('111",,, of "u",,1 wldlhs, Ih,' \'I[lIilil .. 
riurn polygon wOllld ht' cirCUIIF('rlhf'll nhout this "IIruhnln. 

10 The "nlues of tlJrust I1ntl shear will be rlllTon'llt Oil th" two shit., of till' 1'''''''1 pOint. 
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arch lib and the equilibrium polygon for vertical loads j lillder load 
the arch rib CUl'ves away from the equilibrium polygon for that load. 
Consequently the a,rch axis when llnd('l" load is at critical points farther 
from the equilibrium polyfron thn.n in its unstrained position. This 
results in increased st1'(,SS which is discussed later under thc hending 
of secondary stresses. 

PRO('ERTmS OF ARCH WITH I~ARABOI.IC AXIS 

As preyiollsly stat('d. if all arch is so built that its axis coincides 
\\-jth th(' t'quj]ihriIll11 polyfroTl or lill(,Hl' llrell for a pal'tieuliLr loading, 
this loading will C'n us(' Old)" longitudiltal stress in the arch rib and 

EQUILllJRIUf1 POLYGON fOR EOUILlfJRIUf1 f!?LY6tW Foe 
UNlfORtllY DI5TRlfJUTEO ~ .> {/NIFORI'1LY DI5TRllJ{/TEO 
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• OROINATE5 fJETWEEN ARCH A,l'IS AND 

fOlllLlBRIUI1 POLY60N FOR UNIFO.!?11 

LOAD ON HALF SPliN 

h,;t'Hg (j I. TIIJ'Pl'-hillf!;l'd paraholie Ill'l'h witli p«(lliliiJl'iIlJII polY!l:on for ulli
forIllly di~tl'iiJlll('d lond Oil right naif of "pnll aile! diagl':lIli of (jl'e!illntl'~ hctm:'l'1I 
Ij,rch wd~ aile! <,quilihrilllll poIYP;ol •. 

tll('J"(' will 1)(' UO 1)(,lldill~ IlWlllPIl( or :;1Il'1Ir nt H.lly point. An arch 
with plll'nbolic :lxi::; fullills this ('ollliitioll fur lond uniformly distributed 
Heros:; (II(' SP<lIlY Thi:; :lJ'{'h is uniqlf(' :ds() ill that, lmdt'1" uniformly 
distriblli('d loud llll half th(' :;pHn, j.il(' nmximuill bendillg moment is 
Ips,; i !'~':I with IIIlV otllPr 1'PI'1I1 oj' n.xic:. This lIlav be ('(,lIli)l('(1 hom a 
('()n~;d(,I'lltioll of ri"gul'(' li4, At lin,\" point to til(' right of till' e<'nter the 
P:iI·:t!)()liC' ur('\1 axis is j list as J'a I' b('lo", t 1](' ('quili bI"ium polygclll for 
lInil'ol'lnly di,;tribllt(,d lond 01\ tll(\ right lInlf H;; it is above it at a poi11t 
tlt(' ';IIIlW disltul('(' to til(' Iprt or tht' (,(,Ilt('t'. ('OllsPqIH'llfl.y, if thl' form 
{If til(' :txis bt, eh::ng('d, wllil(· "(,pping it S,\"lllllH'trit'alnbout tl\(' v('1'tienl 
('PIl('r lill(" 0(1(' of thl's(' distll/w('s. alld ('OlIS('(jlWlltly till' 1lI01l1Pllt, will 
hI' ill<"(,(,HS(,(1. 

Fof' (II(' cOll(litiol1 illdi{'n.t('d ill fig-ul'(' (i4 111(' Illttxi:llllm ,"prtien.l 
dj,,(UHC'(' fl'ol\l t lIt' II ['ch axis to (h{' t'q llilii>['illlll polygoll is at ~ht' q llHrter 

http:I~ARABOI.IC
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point of the span wllere it is 1'/4. Since the thrust under half load is 
'wl2 .".. .
-]6 1 the llloment IS wZ"/64 , or Just one-eIghth ns great ns the nmXllllUlllr . 
bending mOlllent in n. benm under uniform loud on the sn.me Spnl1. 
This leads to the interesting fact that for the same bending stress tlw 
aTch rib with pal'nbolic nxis\dll be just OlH'-lwlf ns lnrge in' (,Mh c]'oss
sectionnl dimensioll as ,vould n simpl(' h(,Hm on the' sum(', span, 

A further fenture, in which the nrch with pambolic uxis is unique, 
is thnt under uniformly distributed lond oyer the full spun or 0"('[' the 
half spnn its helllwior is Y('['y 11l1lch the snme whether it is thl'ce
hinged or two-hinged (n hinge at e[tch abutnlt'nt only). 'l'lULt it is 
the snmo nndN full-spun loading is evillent from the fact previousl~' 
stn ted, that this londing enuses onl~' longitlldinn 1 thrust in the nrch 
rib nnd theTe is no shear or bell ding moment nt nny point, Under 
the half londing th(' moments at points on opposit(' sides of thc center 
of the three-hingpd I1,l'eli and pquidistnnt fTom th(' center nrc l1lnn(,l'i
('ally e([lInl hut of opposite si~I1, Consequently, the downwnl'd ddlpc
tion of pach point on tlw londpd sirl is exactly equnl to the upwnt'(1 
defJeetion of II point tlw snme distancc horn tlw cpntPl' on tlw otllPl' 
side and at thc crown thp tnllgell t to the ilxis OIl till' londed side will 
turn tbl'Ough exnctly tIll' samp nnglr as thnt 011 thl' other sidp, In 
other words, tile two tnn~pnts :ll't' in thp same lillP nft!'I' londing just 
as tlwv wel'(' bf'fol'P nnd as tllPY would Ilpe('ssnl'ilv 1)(' after londing if 
the 1\I';ch W(,I'l' continuous Ilt' till' Cl'Own (no cr'own hingp), 'this 
I'ensonin~ is pal'tinlly invnlidntpc\ by thp fnct that tlip chord lrngth of 
tilE' half' :11'('h on thp sidr without lond shortens nnd thnt on till' londrd 
sick lellgtl:Plls, X('VPrth('lpss till' actiOlls of the thl'l'p-hinged ilnd the 
two-hing,pd nl'eh UlldPl' ut1ifOl'ml" clistl'ibutpd lond on ol\'e sidp is so 
I1Pl1rl,Y tIl!' sa III I' tbn t [or such h;nding tht' two-hingpd areh prohably 
hns little nd"Hlltng-t' OYPI' till' thl'N'-ilillged, Clldpr otlwr conditions, 
ilowp,'t'I', such as l'OIH'elltl':\tNI londs, !'OlIillg louds, 01' wind, tllP two
hingpd nrcil Illn.v hny(' ('ol1sidpl'nhIP n<inllltnge, 

THREE-HINGED ARCH WITH HORIZONTAL FORCES 

Rpflctions llnd l'quilihl'iulll polygons 1'01' a ;;ingl(' ilnri7.olltnl fnrcp and 
for hOl'i7.ontnl Pl'PSSlll'P uniformly distribllt(,d on tilp ris!' ()f the nl'eh 
nrC' ShOW11 in figuI'(' G5, L\ nlld B, 

In pal'tinl ('ontl'llst as Wl,lI lIS ill pnrti:11 analogy to til(' condition for 
vertienl loads, it is to bp nolNI that, with ilOl'izolltal forces, tllP two 
vCl'tienl I'pnctions fll'e Nlllni nnd opposit('l.v dil,(,(,tpd while Ow two 
hOl'izontnl I'('nctions :11'(' II nNfltn I hilt in till' snnw dil'Pctioll, In this 
(,:1',p the mOIll('llf nt :lIly point ill till' nl'cil ring is ('Clunl to th(' v('rticul 
!,paetion multiplipd by till' hOl'iwnt:l1 di;;tall(,(, from thp :ll'eh nxis to 
the pquilihl'illtn pol~Tgoll, rA.du:llly hOl'iwntnl I'pnction" could lw 
used in this C:1,,(, with \'pl'tictll di;;taIH'p,,: Illso till' ('oIT('''[1onding pl'll
cechll'P for Yf'rtienl londs 11;; pl'C'viou;;ly ;;ttltpd could 1)(' similnrly 
1'(,"Pl'spd, How!,"!'I', th(' pro('pc\u!'('s ;;tnt0d \tNP nnd ill pamgmph ] 
ulldpl' the dis('lI~sioll of ,,('t'tienl InIHI" nl'(' "implpl' I)('C:1II,,(' tllPY do not 
in\'ol vp choicp h('( W(,PIl t W{J diffprillg [/';; 01' \ "s,) TillIS, I'd('l'l'in~ to 
figul'(, fii); for til(' ;;ill~I(\ lond, IllOI1I('llt il.t 0= \' tnllitipli('d "~T distallC(, 
a-b, mOIll('llt nt ('~\' Illltitiplipc\ h,v ('-d, nllt! Illonwnt fl.t ('= 1
multiplipcJ hy rI ('; wililp 1'01' t.11(' di;;il'ihutNI 10l1d tilt, lllOlJ1pnts :11 

a nnd d fLrp T~ multiplied by (I,··b nllt! ('-d, l'eslwC'liYl'ly, 

., 


/ 
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The second property of the equilibrium polygon or curve, as stated 
uncler th(' discussion of vertical loads, is also llpplicable to the case of 
horizontal 1'orc('s with appropriate changes of wording that will be 
!'('ndilv r('('Oglli:r.ed. 

Fo}" dowI;\\,nl'd-ncting verticnl loads. nIl parts of the equilibrium 
polygon, consid(,l'in~ it ns n structure supporting the loads, nrc subj('ct 
to 10ngitudiTltli compn'sHion or thrllst. V\'ith horizontal fol'c('s, on the 
oth('l' hnnd, pnrtH or thE' t'quiiibrillm polygon, wh('n it is similarly COIl

si<i(,l'E'd. HrE' in t(,!lsion nile! p:ll'ts nr(' ill compr'('ssioll, ThllS, for the 
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distribut('d lon<l. (fig. (iii, H) LI)(O is in t('Ilsi(Hl and OR ill ('oll1pr('ssioll. 
For tl1(' cOIl('('ntl'n(t·d loud (fig. liii, L1) Lb is ill tC'IlHioll 1II1!1 bH ill com
pl'C'sHioll. '111(' par't bO IIlust 1)(' ('onsitil'J'('ti in two ways; us part of 
LbO it is in t(,llsioll ulld llS part of ObH it is ill ('olllpn'ssioll. 

PI'OP('I'ty :~ of (ll(' <'qllilibl'illJlI polygoll. [IS s(n('d l!luke th" dis
('.usHioll of Y('rtieul londs, J'cquil'l's modiHeution us follows to npply to 
II ori:r.on tal foret'S: 

The ul'c/i nxis t.Pllds to eul'v(, fl.way from the cOl'respollding pmt of 
tll(, equilibriullJ polygoll if, Wh(,11 01(1 e(fuilihrium polygon is (,Oll
si<i(,l'('d as n lineal' Hreh I'Psisting tilc' ron'ps. tJIlI! pnrt is urHJpr' COIll

http:ori:r.on
http:r('('Oglli:r.ed
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pression, and to CUI've toward the corresponding pnrt if under the 
Sllme circumstances thnt part is in tension, 

Usually the only horizontnl pressure to which nn nrch will be sub
jected is thnt due to wind, Figure 65 (B) applies, tlS indicated, to 
force uniformly distributed vertically a11(l, J\('1]('(, , might I'epresent the 
condition resulting from wind pressure on II yrrtieni wnH that is 
bmced ngninst HIl' arch at froq llent in tet·ynls, 

THREE-HINGED ARCH WITH INCLINED FORCES 

·Wind pressure on n curved or all inclined sllrface is onlinnril:v 
assumed to act perpendicular to the surfnco nnd, hence, inclined to 
the yerticul nnd hOl'izontul, und to yatT with the inclinntion, A con
venient procpdut'e in such n ensc is 1"0 resolye till' pl'essun' into its 
vertical and borizontlll compolll'nts. filld (ile rrrrcb:. of ('nch, lind then 
combine the results, Neitber compolH'nl"s will br uniforml~T dis
tributed; hencp, the equilibrium polygons for uniformly dist.rihuted 
load, as shown in figure (iI, Band C fot' yelticallond und in figut'e 65, R 
for horizontullond will not be directi~T upplicubl(', Thr,\T lire, however, 
in genernl, iIlustrntiv(' of the types to be ('xpected, 

THREE-HINGED ARCH GRAPHICAL METHODS 

Graphical llwthods Clln often he l'frl'('th'd~' (,ll1plOYNj 111 nl'ch 
anaLysis, TIl(' pl'('el'ding dis,'ussion blls inclmil'd gl'Hphicnl Ill<'thods 
for finding yalues of thrust nnd shl'ILr nl't(,I' th(, IIl'ell nxi:~ hnd bel'li 
dmwn and the l'quilihl'ium polygon piottrd by nnnlyticni n1l'thods 
following the computation of th(' I'(,Hctions. 'I'll(' I'('actions nnd tlH' 
position of the equilibl'inm pol~·gon (,Hn ortrn 1)(' found mol'l' simpl~T 
hy grftphics, The pro(,pdm'C' is illustl'utC'd b,,~ figul'e (Hi, which shows 
thC' llxis of nn al'ch eal'l'~Ting fiy(' Y!'l'tical londs with th!' mngnitucll's 
ftnd positions indien,tcd, An uns~Tllllllptl'icnl Ill'ch with nhutment 
hinges nt differC'nt lC'v('\s is IIsrd in this illustration in onl!'I' to sho\\· 
the genemlitv or til(' lll<'tiIod, 

The first step is to In,,v orr til(' 10·1I1s to n COIl\'Pl1i('nt SC:l It> llllc! in ord!'r 
along a vertienllinc, A trial pol(' point m; [f' is tnkpll, FI'OIlI L n line 
is dra\V11 pn,mUcl to [['-0 to intpl's('ct 11\(, lin(' of nctioll or p] in a', 
From a.' n line pamllcl to [I' -1 is dl'll\\'n il1iprspeting thl' linl' or <\Ction 
oj' P2 in b', This p/'oet'ss is continu('(l lll\til the finnl Iinr pnl'nllri to 
Fl'-5 inteJ'sPcts th(' vl'ltica.l through R in R'. L-Il' is thl'll <11':1\\"1\ 

intel'sC'cting thC' vertienl t,ht'ough till' inl(,l'lllecii:ltl' hingl' at S, A linC' 
from lJ' pn.rnlkl to L~H' intC'rsC'c·ts till' n'l'ticnl lon.d line ill,/', Thrn 
() -.1' nnd ,1'- fj rep"C'S('11 to to s{'nle HI, und if Il 11](1 \T('J'ticn 1 I'p;lctions a,t L 
and R. rC'spectivC'ly, lIlHl I,a' b' (" 0'd' (" R' is t Iw tl'iltl eC! lIili brillln polygon, 
The desired or proper t'quilibriulll pol~Ti!:ol1, howl'ver. I1ll1st pnss 
through L, 0, and R, '['omn.kC' it do so :1 IWW position for till' poiP 
point is rcquired, IIsp of n pole point Hnywhl'I'(' to tht' Idt ()r the 
lond Line and 011 [t linC' drawn thrOlli!:h .1' [l1l1':\1I1'1 to L-R will bring 
the equilibrium pO!,vi!:on thl'Ougb L llHd R. To mnk(' it pnss through
o thl' iJorizontnl diRlmH'l' rrom If to the lond I:n(' is so tnk('ll tlJll.t wbcn 
1l1llltiplit'd by r, til(' I'is(' of the (lr('h (01' thp h(,ight of thp intrrmeC\in,t,l' 
hilli!:C aboyl' L- fl, the' li,w joining tilt' n.butlllrnl" IlingpsJ tl\(' produet 
equab thc horizontnl clistull('(' rl'OlTl Il' to till' IOlld liTl(' multipii('(l h,v 
tIlt' distnlw(' 1'1'0111 0' to 8, 'rill' distal1('(' rl'Om [[ to 111(' load ]jnl' t.hen 
reprcsents tllc horizontal tbrust oJ tilt' areh to the snnl(' seall' to whieh 

• 

. 

• 
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the loads were luid off OIl the line 0-5. Using II as the pole point, 
the same procedure flS in drawing the triul l'quilibriulll polygon is 
~ollowed, and LabdJdr·R tll(' proper equilibrium poln~ol1 for the arch 
IS locnted. 

The fmtlH'I' procpd l/l'p in findillg' mOll1pnts, thrust, und shears is as 
previo lIsly 0 utlin ('(/, 

TWO-HINGED ARCH 

The two-hinged ilrch i;:: ('OlltinuOllf'. bdwt'eT) its ahutments to which 
it is pin-colll1('ct('d or hitlg'('ci, '''hell abutlllPnts nre nt thp same level 
the verticul r('Hetions cUlIsed by \'erticHI loads fl]'(' found and the 
equality of horizontal thrusts es'tnblisll('d b,\~ npplying til(' ('quutions 
of equilibriulll to the nrch as:l wholl' just :1;; with n lhn'('-hing'l'd arch, 
Till' pl'OeedUI'l' lIs('d for liwling til(' IlWl!nitulk or til(' ho1'i:wJltfL! thrust 
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Fcar!!I,; fin, (;mpili(':d 11iPthod fol' findi'l!!, ('qlliiiill'lIll11 jJOiyg!lII. iltJl'iwntui thrust, 
alld \'(,I'Oeili n'lll't illll;; Ill' t \n'('l'-hin~('d Itl't'h lIl1d(,!' Yl'rtiea\ \onds. 

of [lIp tlll'l'l'-lijll~('d llf'cil j;; 1101 ll\'llilnhlp, 1l00\'pn'I', b('(':lu;:;(' 1111'1'(' is no 
poin( at whirh till' lIl'('h ('nn lw :-;('ptll'al('d inlo pal'ts without illtl'o<!uclng 
I.hl' moment, of 11liknowII IlIllg-lIit ud!' and directioll, thnt may exist 
at th(' poinl of s('pnratioll, B('c;1usl' of tl1i,.; thl' I\\'o-hillw,d nrC'll is said 
to h(, stalienllv llld('il'rminatl', ('ollsid('mlioll or tlw ('11I,,(1C lwillWiol' 
of til(' aJ'ch rib Jnnkp;; it po,.;:-;ihh' to d('(('l'Inill(' thl' Ilorizolll:il thrust. 
It is 111'(,(,SSIlI',V llc('()f'(lingly tllHt til(' [l0;;itioll or til(' nxis lind 1m,\' vnl'i
alioll in (,J'os,·;-;';('C'(iollnl dilllPllsiolls of tl)(' areh rib 1)(' ktlowll. 

Tilp t\\~()-lliJlg('d nJ'('h i" li"<'/." to 1)(' 11,.;('d with ('()lllp;lI':I(i\'(·I.\~ small 
1'i;;l' so 1hllt til(' PI},p!'( of S1/('ll IWl'iilOlILli fol'C'('s n:-: 1'(';;1111 rl'OIll wind 
HClioll will of'(lill:ll'ily /)(' ('(lll'pnl'nli\'ply smnll. ('oll;;('(luentl.', th(' 
fur/hpj' diSClISsi(fll 1'('llIt(';; to n'I'li('nl lond ()IlI,v, 

1l\'I'lmsg("I'IO:-; LOCUS 

('olllJ)lftntiOlls of II !\\o-Ilillgpd :11'('/1 HI'(' fn('ilitntl'd hy t110 liSP of tiw 
i1l(l'I's('('( ion 1{J(,lls, w\li('11 is \I\(, path (I';\('('d by I hI' pPllk of thl' (,quilib
l'iullI POIYI!(1l1 1'01' n single' Inlld liS !IJ(I 1(llld 1l10\'PS ncl'Oss tllP :11'('h spn.n. 
Re'fl"lTing lIgnill to lhl' tlll'Pp-hillg'pc! ul'el,; any (·qllilibl'illlll polygon 
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passes through the hinges and t.hnt for a single yert.ical load is. as 
shown by figure 61, A, forlllecl by dnlwing a. line from the a,butment 
hinge farther from the lon,d through the crOW11 hinge to nn intersectioJ\ 
with the vertical through the load tmel 1'001llect.1ng this intersection 
point to t.he other n,butment hinge, As the load passes across t.he 
span, the intersection point or penk of t.he equilihrium polygon traces 
as n,nintcrs('ctionlo(,lIs the V-slwped fip:\1l'p thnt would 1)(' formed by 
prolollginp: lines LO nnd RO (lig, (j 1, It), Omittinp: the cent(']' hingp 
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FWUHE G7, Intersection loei for It three-hinged and for n (\\o-lJillgt,d areh: A, 

Three-hinged ar('h with cOllsL:lI1t or "tll'i:tbl(' Cl'\l~~ Sl'dinll nile! n:II," I'DI'll) of ItxiH -
UGH' is tlw :nt~'rlll('(,ioll locus: 13, tll'o-hinged ar(,h with (,()IIHtullt (,l'llRS 8('('tiOIl 
and parabolic !1xi~ I/O' H' h; tll{' int('rs('('Uon 1{)('us, 

of IL thrt'e-llil1~(I(1 u.rcll tilld I1l:tkill~ til(' rib (,OlllillUOliS ('Oll\-erts it illto 
it two-hillged' lIl'('ll 1I1Id tlie illt('r~('eti()11 \o(,lIS heconH's n eor tillllOllS 
curve extl'll<iilll-!: across the spall alit! lyilll-!: ('ntircty nbon~ t.he n,relt nx;:, 

Iuterseetioll \oei for ll. three-hinged u,n<l. for tL two-hinged n,Tch :Ll( 

shown ill Jigure' 67,
It will be ],Ntdily ('('eognized. that, when til(' intel'section locus has 

been plotted in 1>('01)('1' l'elfdion to tlil' IIrcil. ILxis, the re'n.diolls of the 
ftl'('h fOT !tny silll-!:le load (,!l,ll Iw rendily found, since, u.s indi('ltted by 
figure G7, thc' equilibriulll poLygon consists oj' t1[(' two st.raigllt lines 
cOl11lC'ctilig the n,butll1C'nt lJinp:l's to the point where tlie intersectioll 
loeus r1'Oss('s till' Y('I'ti(,1I1 through the lO:Ld, Rene! iOllS for single loads 
can then be combiJled La get vnlues for il.ny desired combilliLtion or 
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system of loads, When tIll' equation of the intersection locus is 
simple it ('an be incorporn.tecl in equations for reuctions, moments, and 
the like, and these qunntities computed n,]gebraically, 

Equations for the intersection loci of two-hinged arches of several 
types follow, Tn these eqlltltiolls /' is the rise of the nl'ch and Yo is the 
height d the intersection lo('us nbow the hinges [It a point whose 
horizontal distan('e fro111 tIle ('enter is k, The half span is the unit of 
measurement for Yo, le, nwi l', 

"~ simplif~~illg assumption often used in the design of arches is that 
the ('ross section of thC' :Lr('l1 rib yaries in such a manner that 1=10 
sec a, where 1 and a are the moment of inertia of the cross section and 
the angle of inclinatioll oj' tIll' arch axis at any point nnd 10 is the .. moment of inertia. at the crown, ~rasonrv anci metnl arches are 
often so built as to ('onfol'm n,pproximntel~' to this n,..;sumption, which 
Irnds to the following n;; th(' equlLtion of the intersection locus of !l 
two-hinged arch with parn.holic axis: 

1,:2"',. 
1/fJ'= l.OO -o.l()p (1) 

Rihs with ('TOSS se('tiolls COllstallt HT(, ill SOIll(' illstrLJlc'('s lI10re feasib!r 
for ial1linll,ted wooden HrehC's unci til(' followillg ('(jllntiolls an' for nrC'll 
ribs with constnnt eross s('ctioll, 

Two-hinged nrch with pnrnholi(' ;l;\-1S: 

k'!.,!/.. 

/5[1 ,'5(ir' ~il" ·1', I . ·11'" ,:.l.Jk'I"'>Ok",' , 7/."1" 

\ I ' 4k'r'J+~' I, Hil"',sillh- l ~I' k sinh I :.lkn (~) 

'. 	 This ('q Itn (ion is I'P)lI'P"I'J1 (pel wi t II 1'('lISllIlli hl(' :lI'I'I/I'n ('~' b~' th(' following" 
('Illpil'i('nl fOl'm: 

1,:WI' 
(:!n } !/.. J .IlO fl, J :{l.'~ 

FOI' It h\'o-hill!!l'd ;}J('h "'itll ;LX1" III t hI' fOl'lll of II l'in'llilll' nl'(' :llld 
with ('1'0":"; ';1'('lioil ('OIlS[lIllt: 

:.!r 
:~ :.!j'-': ;{J" ;-;ill 11 I": - (l/"I 'I t·.! 

II.. ,I I..: 
~,. :.It.-r )

k" II' I', ( ~ill 'I ';~-k sin'll ' I" 

:!·I 1"',:2111"'\·1 r-- ,lk'I" 

WI1C'll tli<' :lr(,1t i..: ":(,IHic'ill'lli;}1', tlwt i..:, lI'ilC'1l I' ' J (ri,.;1' bnlf spnll \ 
l'fllIlltiOIl (:{) I'('till('!''': to 

!I, sj II 1 J 7r/:!' 

nlld til!' illtl'rsC'cl iOIl 101'11:-. is ;} horizontal lillc' whos!' hrighl nho\'C' thl' 
hillg('s is 7r/'2, or J_ii7, timl'" til(' hnlr Spllll, ' 

Tn bl(' :-31 lists \',lIl1(''; of !I" /I" ('OIlIPlItl'd fl'olll ('Cllltl IiOIl'; (1), (2), 
(:2n), IIlld (;3) 1'01' s('n'/',d ndlll''': (If I' Hlld Ie, 
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The equations 1'01' illtersection lod ns presented lIbo\'e do not. takr 
into eonside1'ntion till' shol'tening of thr n1'('.h axis I'esulting from ('om
pression stress nnd nre bnsed on the IIs:illmption thnt thr nl'rh benl'R 
ngitinst unyielding nbutnwnts, lllll:illlurh ItS dinH'nsiolls of al'eh J'ibs 
itTr likely to h(' dpt,(,l'llIinrd by 1'('quirpnH'nts 1'01' I'psi:itillg bending 
moments, with ('onseqlll'nt low stl'rSR in ('om]l l'PRsio 11 , neglcet of tl\(, 
efl'prt of compl'('ssion ShOl'tPllillg will [ll'Obli bly :il'ldom be seriolls, Any 
spreading of ft hutmm ts 01' stl'pt('h of til' 1'0<lR when these arc usc~1 
rl'nders the fOl'lllulns fol' illtl'l'sedion lo('u:i :IS gin'n lll'rl' somcwhit,t 
inurelll't\.tc itS may 1)(' obsPI'\'pd ill discussions 01' thrse phnses in text
books on fu'('hps, 'rlll's(' l'qu:ttiolls nlso do not htkp into I1c('ount stl'l'SS 
duc to the1'mnl ('xpnllsioll, Ol' (,OlltT:Wtioll of thl' :u('h I'ih, ill'enttsl' or 
'lire low ('ol'Hi('il'lIt or thl'J'm:t.i l'XjlHllRiOJI of wood, suC'h stl'eSSl'S fdso 
arp unlikely to hl' R(,l'ious, 

\Yhen tit(' 111'('h n,~;s is otl)('1' thml it silllple (,II1Tl', such ns n 
pnrnbolir 01' n eil'C'ulnl' are, rqllntiolts for int('l'sl'rtioll loC'i lll'P difTiC'ult 
to dl'1'i\,l' imd in sllC'hinstnll(,l'S It UllH'l'i('n I intl'grlltioll 01' :iIJlllmnl'ir.n
tion of ('Pl'tnin quftntitil's :11'l' JlP('(':iStll'Y 1;0 ll' Rollltion of thl' two
hingpd arrh, 

COMPARISON Oft' 'I'WO-HINGED AND THREE-HINGJW AR(,HES 

l\R WitS point'C'd out jll'P\'iOllSI)', prilll:tl'Y stn'sse;; ill n plll'Hholi(' 
itl'clt ulldt'I' IlJlil'ol'lIll)' diRt.l'iblltl'd \'l'l'ticul load on tltl' 1'1111 SpUII 01' OIt 
olH,-hnlf thr spnll ,1'1'(' tltl' S,IIl1(' l'('g,II'{IlPRS or wtwOlPl' thp lll'ch is two
hin~l'd 01' thn'('-hingp(l. Fol' tltl' pnnlbolie Hl'C'hllndl'I' otitl'l' loudillgs 
nnd [or fln'itl'R with IISi:i ill tltp I'Ol'1tl of otit('1' ('UITl'R IInlil'I' nil" :tl'J':tngr
111('nt or vpr(ic':i1 loads, Illaxinl'llll JtlOJtll'ntR nl'(' ill gC'JH'l'nl I;',.;s 1'01' til(' 
two-Jlillg('d tllllll 1'01' til(' tllJ'(,p-hillg'('d nJ'('It. 1<'01' ;'xullljllp, ill tl t\\'o
hingpd 1l1'C'h. with pnl'ni>oliC' IIxi;; nllc! ('ollRhtnt ('J'():iS s(,(,tiolt IIIHIl'I' It 

mo\'ahll' vl'J,tic,:t1 load or I), III(' nt:lXil11lllll IllOJIH'llt to lw p]'()\'idl'd I'or 
iR np]ll'oximnt('I)' n,Ok.:! I>{, in witicit I NllI<tlR tit(' spun, Witl'l'(,HS jn fl 

I.itl'cl'-itingl'd BI'('it with t IH' S:lnH' 1'01'111 or :lXiR, the' mnXillltll1l monH'IIt. 
if; nbollt. '0,000 1)1, Fol' othl'1' rOl'lllS of ltJ'ch :lXiR tltl' difl'l'I'l'II('('S flJ'r 
lihl), (.0 bl' gl'l'n tN, 

Dl~FOR;V[A'I'ION AND SECONDARY STIH~SSgS IN ARCHES 

Tlw priIllury ;;11'(,;;;;(,s ill HII :1r('h, thnt is, thp sll'r;;sr;; Illlll \l'ollid pxist. 
if tltr Hl'ch nxis O('('lIpi('d ('x:1('(ly til(' SHnl<' positioll HI'!.('r I()ndin~ U;; 
bp1'0 f'(', ('HIl 1)(' d('lpI'IlIill('d by lIppli('ntion or t!I(' prineipl(';; !l1'('\'ioURly 
011 tliJlP<I , 1-10\\'('\'('1', lO;ldill).!.' ('hllll~('S til(' positioll ol'thr :lxiR, URlIltlly 
i.n Ru('h n w:ty liS 10 iIH'I'(,IIC;P th(, sIJ'pss('s. ('OIl:;P<lIIPlltl)' ill t'1l<'('king' 
it d(';;ign, p;;LiIll:tt!';; or tlw dd{)I'lllllti{)lls :lItdor [.il(' f'(':illlt,ing additional 
stl'{,S:;CS or sc('on<lnl'Y S(I'(';;;; 111'(1 dp;;il'nblt', 

< 
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• 
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L~ndrr the Iletion of hen ding mOlll(>nts, a portioll of al11embcI' with 
eLuTed axis, such us is i1Justmteci in figllJ'r (jS, ,,,ill tnk(> n new phape. 
The dotted ClIlTe in this figure illdirntl's thr position of the nxis after 
bending hns tnkrl1 plnCl' nne! nft('l" it hns I)('rll /lloyrd so that one end 
(A) is in its originn] position nnd the nxis at thnt rlld is in its originnl 
-lirr('tioll. Thr otheI' PIH1, which waS ()I'iginall~- nt B, is nO\\- ill the 

y 

fJX -------y------" -" ~"--"-----=-+---_._- X 

LlX 

A 

y 
Frnnm nk. Axi~ I,oiid ('urn' .1- /3) (If ('III'\"l,d lII(,lIll>el' befort, IWlldillp; and 

(dutted I'lIr\"(' .1-- H'I aftpr hC'illp; plac('d, ~U"~l'(!lll'I11 to iJl'lIdinp;, ;;0 that at 
011(' ('nd (.11 it ('()il1('id('~ with it:; OJ'ip;inn.l Jlo~iti,)JI and dir('('tiuJl. 

position R'. '1'11(\ c1isp111('(IIl1('lIts (.l.r and .ly) of 11 plll':lllrl to tlte.1.' andy 
!I nxis, I'PsprC'tin'ly, nn' gi\"{'ll by 1)1(' ('<illatiollS W, Jil). 448 450; Ii), 
P}J. [28 liM). 

1'.\I!lds
.l.t f f~'f 

Ii 

'.\
.1 

!'rds 
.ly j f~'f 

,i 

_\Iso the' ('1t:1I1gl' in till' :Il1gl£' 1)(1(\\"('('11 (Il(' PI1<1;; or (It!' 11IC'Il1her ('(plnts 

.1 
'.ifr!S

J I~J 
1J 
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For the application of t11es(' TOl'llllllas, th(' origin of coordinates 
must be taken at that rnd of the member (or at that point on the 
member) -whos(' disp1n(,(,llH'nts are to be computed, 

The expressions for !l,t find !l]/ are usually most eonwmiently evalu
ated bv numerical integl'fltioll or smnmntion, Theil' pvnluntion B,nd 
usc will be illnstratecll)\- nppl.dng them to the D-type nrches used in 
the Lnbomtol')' sl'l'yicp building, Thp mOYe'lllrl1t of tlll' crOW11 of the 
arch rrlatiy(' to the' nbllimcllt unci thl' OI'iginnl clir('('tiol1 of till' nxis at 

~~~~N·.·:~¥ 
·"'01.," 

.....,. 

-------- - --xo 

FIGnm OU,·· -Original slmpe and Jlo~iti()n of axis of D-typ(' lLr('h fo]' Forest ~'I'ocl
nets LttiJol':1tol'Y ;;('I"Yicc bllilding and cOJllpllter! positiun of fOllr point;; on the 
axis after applimtion of load of ;3 J ,;'iOO pOllnds uniformly distriblltC'rI across the 
span, 

the abutllH'l1t, Hl1d tll(, Yl'lti('ld dl'fkrtiol1 oJ till' (,I'OWI1 wll(,11 th(' ul'('h 
is uniformly Inndl'd :IS ill tilt' de'nri-Joud t('st d('s(,l'ihed Oil ]luge' 71 will 
be ('omput('d, 

COMPUTATION O~' DEI'I.I~CTIONS OF IIU1L()IN{; ARCH 

'rhe ShUJll' of till' axis 01' the' D-t,\"lw HJ'('h('s for the s(,l'vice buildillg 
is shown in figure' (\9 togeth<'l' with a solid (,lIn'(' J'('])l'('senting tl10 equi
librium polygon foJ' the' iondillg IIl1d('I' ('ollsi(jpra tioll, tll11.t is, 11l1ifo('mly 
c\istribut('d load oV('1' til(' l'lltil'P SpUll, 

Tile moment at any point in HIP nl'l'h axis is gh'on by the pqllntioll 

i\fcII<Z 

where IT .is til(' hOl'izr)l) tul ill I'llst of till' nI'('h nnd Z is the Yl'rticaJ dis
tUlle(' frolll till' :11'('11 :lxis to tlw l'quilibl'illlll polygoll. The H1'('11 rih Ita::; 
n. di{l'('I'ellt dl'PLIl lit l':l('h poillt; nlld thi,; IllllSt be Lakpninto ne('Olillt ill 
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. " J 1 b13 I JI 12JJZ I' . I'tII.e complltntloll. ::)Ill('l' =12 II', t 1('n p;{' Rblt:l nne lIlS('l'tlllg t 118 
jo' 

YHIuc- in th(' ('(lUll (inns quo t('eI nhO\·o: 
l-],HfA Z1j

~.i' -'" - Eh - x,i';:i ds 

12IJ [.J Zr 
j,1!= I'b'" ,-1d8 

. ~. XI f 

12IJ fA Z 
lLnd till' ('iltlll~(, or illl/.d('Cj?b-Jp h:J ds 

'. [.IZI! . .);ow --1'~3- r/s IS l'<jlllYnl('lIt to tIll' :l1'l'H ulId(~I' n (,III'\"(, 11 ",1 11)s(, hns('
-.;' /' 

lill(' i~ -tll(' Il'n~til of' till' :11'('11 :lxis f'mlll X' tn ,·1 nne! wilosl' lwigllt nbOYl' 

,· 'I I I' ZI! I ' " 'I JtIIf' 1Juse Ht l'HCII pnl11t IS (1(' I'll U(' () -lit-lit t Illt pOInt. ,tl. snnl nl' I'l' n

tion holds for tltl' ot11('I' two Cjunntitil's unci('r tltl' intl'grnl signs. TIt(' 
com.putntion of tilN;!' thl'(,(, intt'grnls is C/ll'1'i('(1 out in tnbl(, ~2. Infls
much ns th(' ])I'O(,l'SS is netllfllly summation ratllCl' tlilltl illtl'gmtioll, 
til(' sign of summation (:;) it; us('d inst('ad of tllC integral sigll (f) find 
j,8 illSt(,Hd of cis in this labll'. 'rill' stutions nrc so chosl'n thnt their 
ltol'izol1tnl dist/mcl's ft'Oln till' (,l'Die)' lint' (,i', column J0) fll'(' cxpr('ss('d 
in l'yon ft'd, 'l'IH' distnt)('l' !I (column 15) is tht' Yt'l'ticnl distnnc(' of u. 
station fl'Om til(' horizontal li1lt' th/'Ough X' find 68 is tho clistnnc(' 

betweell stations 1l1f':lSlIt'NI along tht' axis of tli(' 1l1pmIwt', z . 
-,3 A8 IS 

I,· ~ 
('Ylilunt(>(l in coilllnns 7 to g, inclusiv('. liJaeh vnluc in colullln 7 is tht' 

. I t' Z . 1 J'~ I .:tn'I'ugc () f two COl1st'cutJyt' ,Ttl ues 0 TJi lt1 co limn 5. ~nc 1 cntI'~T HI 

('olumn H is t,h(' product of th(' ynlut' ill column 7 by tht' vHlue of A8 
from column n, Values in column 9 nl'(' tht' sum of the' yulues ill 
('olumn 8 to tht' station ill qu('stion nnd tIl(' finnl Yaitt(' in column 9 is 

. f ,r't A f/- C ' rZ:r ]Z1;tI1(' RltlmnntlOtl Tom ~'\.. 0 0 h:iA8, ,,1Il1'1l1atlOns o· h,:l 6s nne jz:l6S 

arc similnrly ('olll]Hlted in colu111ns 10 to 14, ineiusivl', nncl in columns 
I[) to 19, itlclu~iY(', l'psJw(,tiYt'I:,>T, 'rh(' nnni ynltw in column ]4 is to he 

llluitiplied by 1~,r to g(,j 6!1 nnd til!' find VH 11 1(' of ('OlttllUl ] 9 by 

12Il1<.:6'- to g('t A.I', With tht, lond of :31,750 pounds liS appliNl in til(' 

"(,l)(1 load ('sl JI is IO,OHO ])(lUIH1s. Th(, width (b) of tll(, :tllt'1llhl'I' is 11 
il)('IH's (fi¥, :~x l. I~', ns found b:,>T appl)Tjng similal' mdl\Od~ of ('ompu
(nlion to ohs('J'y('d d('formatiolls ill till' tpst of 1I1'('h I) I, is 1,500,00(, 
pOlillds]JN squlln' ilH'h, .Assuming thai this Yltill(, of I~' applirs to the 
building nrC'h that \\'lIS subj('('('d to (i<>lId lond U's!"s, Y/tlucs of All lInd 
~,I' nr(' ('olllput('d JJ us :3.27 :llld -1.20 ilH'hps, I'PS])('<'tiy('Jy. (lompu
tntiotl of ;4imil:lI' Y:IltH'S fot' :tlly otitN st:llion, ns (/ rOI,t'xnmplc', t'eqllil'Ps 
t1ll1t till' sunllllatiolls })(' pt't'fut'IlH'd wit.h Y:Ilu('s of ,I' lIml !J tIleHHuI'pcl 
from thnL st'nLiotl. SII('h (,Ot1l]1II1.ntiOtlS W('l'l' mndc for tlJ1'('t' stni;iolls 
ill ndditiotl (0 ,\'. 

~r ;'I'J'l~jlii(~1!r~lj ('Hllld hp {lntlun(~'d llY dnnving' sHeh n f>Un'f\ 1I1I'aslJring: lIlP anll\ Ulu]('r it wjth 11 plniliuJ('tt'r,
.and nlllltiplyiJ1~ by l"lIilnhlr 'sNlt!' fllf'lnrs. 

;j '·nhH'~ iJlI'uillllllh 1·1 nnd l!J of lahl":l2 un' dItIlPu:-hmlmis, 1i('11(,{~ '\'hlHl I" II, fUll 1 /I.: an' ('\:pn·~,;(·d in units 
of inchps nnd fJU1J11t11'> till' l'OfTIIJlltl'd d(·n(l(·lioll~ nrl' ill irH'lwl;j. 
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,....TABLE 32.-C'ollljllli(([io'll of de.flce/io// of IJ-illflr 1IJ"l'/t II/Idi't load I///:i.fotllllll distributed over lhe span ,.... 

. (%) 
tv 

Enlluntioll :)C /if ...\,," R\'nlunLlUJt 0 ii3 Ll.8 8EroluHtwn IIf fiJ .l.~ 	 ( 7..£) . r(7.·V). 
t;jIx 	 7.J 7.yStation 7. II' .:ls I r I ~ 

.\\'l,IW.!!(' . ~(.1 ,,'r- '~(.Ivrr-i Ii' \Vt'nH~t' J (A\'('r' 1'2) (An.r·l· iii .\Yl'rngo (A.\'or- ~(A\'''r· 
')).W : H):.!;l' 	 agt' n~l\ aJ.!l' ogC' nge H7J 

7.y 7.Y' oiii r, .:ls: Ii'" .:ls I Ii' ~)IlSx I 7.) . 7) 	 XI) ! XX),i0 ..'is: ii1 ~S, iii' iii' J~., h3 ~ 
(Il f2i ca) (·n (51 (11) ,.' I (~l I (!J) (JII, Ii I ' (I~' O:lI i (II) ! n.,)1 I (lti' (1.1 (18) (19) b:i 

--~I -- ,-

X', 
Fcri 
lum 

Feel I FC<'t3 '1 Ftt·~,1 [,'eet -1[''<-<1-' Fut- l I />ie/-l . F,d ! Fa(- 1-"'1'1-' I' Fal , /-".,/ fl 
t"'1"'1'1-' f 

1).0011(1 I 0.01l1l0 II.OII! lI.mOIl O. UUIIO II. 1111 i II. 11111111 0.0000 t=j 

W' 
---' L 0·1 -II. :!b2, 2i1J1 i I I -t!. :!S1'" '-0. 2!J.ll I 11,1/2 1-0.1182.1 I -.0824-.221 o. 7a I 0. :ISUO 1-' 56511 i I 1-.2!J.lI . 1.(11) -~5fi5il I ! -.2!HJ .2,"'1 -. 1.);»·1 	 t3 

1. 0-' -. fm..,ti -.72ti[i I -1.1J.l1 -'.1.0\10 	 ~ - :1!l7U I -. :l~1I21_..t1J25\ ...,---- -.41 , I .70 . .w:\O -. saw I -1.1J~07 1 2. un ~!. flia2 I :' -I. ,15al .fiti' -. ,157·' 
LUI - ... <HI:! -.Si~jo. II I I -2. HlI~ -2. IK.IJU -.fi~1l1

l" -.52 j ..~') f .111·1 I '-. S·lIh -1.''':11 ' :I.UII :-:1.5101 , , -:1.1;:100 .:-,,:t -. (II:!., '"<0-.liO:l:! -1.00511 

I. 0·1 -. ~OOli -. S:I~B i i -:t jill:! -~. ~Ul) I . 	 .... 
'[", I _'''111 I __ ,_ i 	 '-. i7aU - ..~()·IU LJ. :\108UII -2.7:!()O 

l.O-1 -. I~S05 -. i077 ! I '-;t ():'!5~ :-:t !-IIi:! -.S·I'ls' -.52 .05 .K.1'.j I-,nom; -:1. ,la:~s .;.110 1-:1. Oa~5 I !-I) Ii.i;.; 1.·10 -.S·WI -.X~IO '-2.6l1!7 ~ 
-.,')5,' . I .1-. ;-. ,.1.,,, 	 .1. 1111 -:I. J1llill I I II -Ii. ,)2\1:1 L I~ -.8·1511 

1. 0·' ...... 50~:~ -.522-1 	 -2,7IWi 1-2. SWO I -. ;.i!lO
R' 	 -. 'hll:, 1_:1.4810 'J.-.11 I 1.011 10:100 1-·:l!lSI -a..i\lli~ n no -2.:iHXti ! :-!:!.·HI·lli I. ti~ -. fiHSh 


I.IH -.20·1;' -.:mf}~ : -1. 7!11~ -I.Slilill I 
 -.502·1 Itf -.21 l. Oi ; 1. 2250 ! -, 17J·1 	 -l. 2521 i.OO -1.1!I!IS i '-[.I.:llill;; I. Vii ' ~,aafJ1J -. ii225 1_.1.00:15 t1 
t;jLOI ~. O~.1i -.OS!)I 	 -. il!l!l!I ' '-. H:!au ; -. WHII ___ 1__ .0000 	 -.17-17 [_.1.1782P'-- .00 	 '-1.:'.[1,'; S.OIl .0111111 -1·J.lloH 2.2'; .110111) I ~ LUI .OIlI:1 .IIBfit) . ,~2J7 - X5Hi f 2:ml i . 2aH:~ I

0'. .:W 1. IS j I. IH:m . IS21i -.t,:l·IIir1 B.()O 1.llla·1 '-1·1. I~II!I 2.•)2 ,lflO:! -:J.lI:!SO
I.()'[ .2SIO .:W.il :1.7,1U:! 2.X5U:! .771i .!-O()21i o 

X' .7(1 L:!:! ! I.,~lfifl ,a~55 -:t Iliil:! 111.1111 :t~fifin I I. 2i07 2..") L liST. !-::j 
I. j.II,; ,-:1. l:loa1.0·1 • -I'i711 . 'ISill .1. !II:1' .J.I·111 	 :t~i'\U

.\[' 1.15 I. 2i"1 I ~. OHiO ••=)'I~,t -:!. ·Hi;};; 11011 ILonl -n.I:!!):! :1.1111 LiNlli 	 ::
2. Hi:! ·-I.I;!1I1I01 _fi:i.11 ••iliIiS . i. :i.112 7. filS:! 2.llIi·17

J/ 1.70 I. a.~ 2. :tlj'\O . 722.) -2.S(H' 1~. on 8. 11.1111 1. ,iJfili .1. :1/ :!. n~ \ ..... ~ 
,7,s,if 	 . ·15.141.01 	 II. 8522 I lO. 2·!Ii:\ 2. ifi:!:! 2. S7~71 o ..~170 '-l.USjfi !KJ~ 2.2" 1.:1\1 2. 1ji,1l0 ,'H,,",') 1:1. 00 11. oa·I·1 11.7U:!:i a./H :1. O;"~HI 

1. 0·1 . !llS·1 • U[)51 J 12. ·1:1:12 n!J:lUii 	 a. ISH:! :1. H2071 a. 3281 ~ 
J' 	 2. D.) I. ·1·1 2. !ISlili . \lS~(J -I.II:1~5 J.I.OO 1:1.8:\20 :!l. "H2,'\ :1.1/;! a.....S2~ 8 

1.IH I. 0:lU2 I. 11.,0' 15. UlHO J5.nViH C.1. .10112 Ii. 0538 L 2:iti7 
[' :J.IJS ! 1.;'0 3.3';j() 1.0UfJ.t .O·,Wl 15.00 lti.:'560 . ·10. :l!I(JIj ·1.21 ·1, .soun i:t 

1i. S'15~ I JS.55UO1. 0·1 I.HIH 1. 'W" 'i. 014~: 5. ~II~ i 11. :1600 t=j 
11' I.,i" I 1.;),1 :1. j'~Htl !. :!Olil 1.2·I;Ui lti.OO ! Ill. :I:!I·I f)S.H·Hlfi 1.511 .i. ·1?7~ tli. .i7·1~

1.111 1. 21iJ(} I,:IJII 211.1;:12(1 ~J. li!i;i:~ 	 .~. Stili:! Ii IIU2:j 

.. , . .a.---. " 1 ~ .t. 	 ..... ~ • "'--., ...... .J '" 
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In table 32 the plus si~n illdieutt's mOlllCllts (.2\;) tJlIlt efiUsc tellsiOIl 
in the eOllyex sid!' of the l1lcmbrl'. Su('h Illolllcnts tplld to cnllse 
do('kwise rota,tion a.bout A find dowll ward motion of )(', TIl{' fad 
that Ily hn;; tl1(' S:1mp si~n u.s these moments illdicates that E!.!I is to bp 
Jnenslll'l'd ill t11(' dil'pdioll ill \\'hieb !I'S W('I'(' tnkrl1 flS positiy(', w11iclt 

is d()\nl\nlf'(1 fl'onl .Y', 
p 	 TlIp 6,1' I)('ill~ IIn~nlin' is 

to 1)(' Il1PllSlll'pd in tlIp 
oppositp dil'pdioll of tht' 
,1"5, thnt is, 6,1' is to tw 
IllpnsllI'pd to thp right. 

~lpasllrillg ofr liIl' ('0111
plItpd \ :tiU(';; of 6,1' Illld 6!1 
gin's .\'" (fig, (if)) liS 111(' 
'lIp\\' positioll' of X', This 
is t/I(' positioll X' wOllld 
I'll k(· if. II ft('1' the' 1111'1111)('1' 
WIlS 1)('111' b,\' til(' illlpos!'d 
IOllds, il \\'IIS 1'Ot:IU'd nbollt-1- - r(!-5~}:z poillt .1 'i() tllnf thl' <lil'('('

lion of it,.; axis at .1 is till' 


x ";IIJlIl' liS ol'igillalh', ,.:\C'tu

1 IIlh',lIlIdt'l' (11(, IOlidillg ('011+.r __ ____ r~ sici('I'Pti, 1'0 til tion do(~s 1I0t 

Inkl' pin ('I' ht'('1I1lSe .\", 
I)('ill"" ('0111111011 to tilt' two 
IIl1lf~711'('II(,s, ('1111 11:1\'(' ollh' 
\'(,I'ti('nl motion, '1'11(, ;1(: 

111111 [>o,:i fioll of X' a ft(·1'1 
10lldillg IllIlSt. til<'l'l'i'ol'(',"2 
IH' 1'0 II' lid Il\' I'olntillg .\." 

nhollt .1 t:J .\'''' oil til(' 

\'(,I'(i('111 till'ollgll x, '1'11(, 

po,:ilioll of .\·fI' ('1111 he' 

fOl/lld hy ('()IIlPlllill~ fliP 

<I ill go 11 II I di,.;tllll!'(, fmlll .1 

(0.\-/1 ;I lid IIII'll ('(J1I1fJlltill~ 

111(' Ill'iglll (If .\'fI' :11,0\'\' 


X ff'(llli t 11(' fIli'I tit:! t t1)(' 

p di:lg:oll:ll d i;;t :l1!!'P f!'OIlI .1 


1(1 ~\'I" IlIIlS( bl' tIl<' Slllll(' 

as f(,()111 .1 to X", SII('II:1 


(, I{d I{!'. ill, 1)Ia~ 1'11111 HlJI (1.111 a1jll" f,,1' d('l'i \ al iOIl ('Olll(lllfntillll gin·,: 1,lil 
of load,dl'fh'('111I1r f()('IIJlllll fol' pIll'al",li,' ('111'\"('<1 illC'III';; ;]s tIl(' \'I'I'(i(,:l1 <11'
llJ('/11Il!'r of 11o{' I I {II' II'-I('d IIl1d"r ('lid 111I'1i"1. 1I1'('(ioll of .P. Silllil:ll' 

('(III1Pllllltillll;; ~i\'(· til(' 
)Jositiollt'o of Il1n'(' otllC'I' poillts Oil till' :l1't'it IIxis IIl1ti('!' lond lilld tll(';;(' 
;]1'(' illclic'll«·d In' III<' --llInll ('in'I(·s ill fi~,II'(' til, To ('Olll/Jllt<' III(' 
IHU/lH'llh I}('tillg ;)11 til(' ll!'('it ill (111'11('\\' positioll, 7-';; \\0111<1 bp 1I)('IISIII'(·d 
f('(llll tit(' IIP\', tl"\i-. (0 tit!' 1It'\\ l'!jllillh!'iIlJll polygoll Isho\\11 liS II dottpd 
(,UIT(' ill fig. Ii!!) IIl1d would 1)(' 1IIIIItiplil'</ 1>,\' fi 11/'\\ I'lIlu(' of 1I1'OI'!'I'
sp()lIdill~ (0 tll(, IO\\I'!,l'd positioll of .\", Th<, 11('\\ ndllt' of II is 10.1411 
1J(lllllds or 0 ...... p('f'('elll gn'atl'l' LIlHn lilt' ol'igillal ntiue. ('ollsitiNaiioll 
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of figure 61 indicut!'s tllilt th(' new HX? product:; will not be signifi
cuntly gr('utf'l' I1t n)]~' ('riticul point th:lll th('ir originnl \':IIII!:'S, A 
;;imilnl' com}) II tn tioIl IIsin? I,,' :IS '(:)0 ,OO(), t l! liS Ill:l king nllown nc(' for 
n doubling of th(' distortions through hll(, rff('ct. gin's:I p('nk (\(,fj('ctioll 
of :~,24 inC'llps, \\'hicl! would illCI'C'IlS(' If by 1,4 pPI'('C'nf of it:; originnl 
Ynlu(', EV(,l1 \lllck]' this 115s11mptiOll tll(' llt'\\' TI',x~ '/ Pl'ot\lIC'ts, :Ine! 
('ons('quen tI,\' t lip IllOlllPIl t;.; :llld "tn'ss('s nt (,1'i tical s('dim!. would lIot 
\)(' mort' than about :i p('1'('('nt gl'('ntt'l' tllilll fill' th(' tlnstl'nilwd position 
of the arch rih, 

Tt is illt{'l'<'sting HOW to {'Onlpnn' tilt' ('OIllPlit('d lh,rketioll (\ ,n l 
illeit('S) with tII(' stuns of til<' d(,rketiol)-, of tir(' rin' r'pntl'HlnrcllPs of 
th<' D typ<' as ohsl'I'Y<'d in tIlt' d('nd-k~ll(l {('sts lInd l't'c'ol'ci('d in tllhk 2;i, 
(Th(' sum of d('fI('ctions is uS!:'d hp!':lIIS(" II'; is ('xplnin('d in tIl(' c!iS(,llS
sion of the' d('ud-Iond t('sts (Ill t!\('L:lborn,tol'\' ,,;pl'\'i('c huildin\.!:, this 
,;urn is approxilllntcly pqlln] to tll(' d(,(]pf'tioll tliat wOliid llan' l'(:suI('d 

" had th(' LOlid hpPll c:lrri('d by H :-in\.!:k H1'('11 , ! Till' \':lIl1('s from thi,.; 
tabl<> u.n' 1.2() :Ind \ A2 in('irf'': of' ,(R lind :q/-i IH'J'('Pllt :IS gl'(,:lt 115 t1l(, 
(l('flN'tioll (If \.li \ inell(,;; ('llmplli('d abon'. 'I'll(' ('OIllPHl'isOIl indicnt(',: 
1'('llsonnbl(' 1\('('111':1(',\' in tlw ('oll1j>utntioll and SU!!g(',:ts tlwt tire bllilding 
a1'cil(';: lit tIl(' tinlP t1l(' cldl(,l'tions \\'('1'(' lll('n,,;ul'('d may han' 1)('('11 

SOI1I('Wirlit stifl'PI' tl1:ln thp \':1IU(' of I~' i \ ,;iOO,OO() IHlIlll(is prl' sqllnn' 
inch I liS d('ri,'('c1 frol" til(' t('st of lll'ch 1) \ nnc! IIsl'd ill ('oJl1Jllltill!! tllC 
.\('f1rl'tioll ()f I.lif ill<'lip" illdic-ntp", 

SECO,';PAIU' STIIESS~;S I,'; THII~'E·III=-(a;J) 1',\llAIlOLIC AlleH 

Pr'(l\'id('t! tlip ('l'O';" ,;('ctiol1 is (,Oll"tnllt or \'Ill'it>..; by SClat(' simpl(' l'ulC', 
it is possibLp tll c1('l'in' fol' n thl'('('~lrin!!('d IIl'cll witir pHl'nboli(' nxis nil 
('((un tioll tlint ('XIH'P';S('S till' (krIe!'tiolis 1111(\(>1' ulliforlll lou(l Oil tl1(' 
half Slhlll allt! to ,;('t tip 1'0 I'll 111 1:1:- "til ,1 I tllll t S(·('(llId:II'.\" n,; \\,(,11 n..; pJ'irnnl'Y 
IWllding ;;t1'('''S 1ll:I\' h(, (,()lI.;idl'l'l'd in dp..;igllilll!, '1'11(' I'plntioll;; :11'(' 

dI'YP]OI'wd f()lIowillg: . 
'I'll(' onlinatp.; h{'t\\"{'c'lI tlr<' :1I'el1 Hxi..; alld lllP ('qililil"'illlil poI,\'!!oll 

for llalf-lIl1ifol'lll load [rig. Ii-I, al'(' for ('lIdl Iralf ";Pllll tlrl' ()rdillllt!'~ of 
:1 pllnd)()\n witll \'{'rll's lit (Ill' qllartpI' poillt of til(' "'P:III IIlId II!'igIJ! lit 
tlwt point of r -I, 1[('11('(' (II(' IIlOIlIf'lll", 11 lid d('fI(,(,tilill" ill p:ldl IInll' :lI'l' 
tllo,,(' of n p:ll':lholi(' !IlC'nriH'r \\'itli Ipllgtlr 1:2 nnd ('('II [PI' ordinatp r-L 

//,{ " 
ll11dC'r:l1l ('lid IOlld ('(pmI to till' horizollt:ri thrllst. II, \\'hi('h ('(plals l' 

hI' 
Oil page' 1 \ ,n 1'111'111 II In i" \.!:in'll \\'hi,'h, \\'1\('11 Pl'OP('!, ..;uh"titlltiol1;; :In' 
l"lIeI(' to :ldllp( it to (Ii(' Pf'(''';PlIl 115(' lIlid tIll' l1otatiOl1 or ligllr!' ,(fI, 
b('('orne';; 

I ':!.s I'.'Ire 11'/. 
II'{' '''('(' -I' Iii Ic'/r 

",lrl'l'(' !I" i" thl' \'(,I'ti(':iI tit'fll'('(ilill lit tIl(' If"arfl'!' poillt or th(· "Pllll, - //'/" , 
;\0\\' 11,,:'-1'; 1IlIlItipli('d hy till' IIn('i:wlltnl t 111'1 1St II,o!' , J-. tI," 1110lli/'" , 

IIH'llt at til(' qlllll'tl'l' poil1t or tlw "'pnll ! I1l1lXi1l1ll11l 1ll0flll'lli, >, whit'l!. 

with hl'llclill,l! ",tn'"", t, i.; il 1M' \\11('1'(' h :llId It :11'(' tIll' widlll nlld (\('ptli, 

l'('sp('<'li\'ply. of tIl<' ar(,h I'ih. .:'Ilultiplying tlil' rigIl1-lllIlld /11('/1")('1' of 
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· . I 101
2 

t "t ItieI foregomg ('qun.hon )y Ttl," s(' tmg 1 - ('qun to ~ 1611 2, substituting 

112 bh~ for I, Hlld simplifying 

h r ..47"7 
Cos cP 

., 4'ft., I"-l- f 
I I J [~' 

= I / :3. /I'. t .tI
\\" I('("l' cP sit' l~' Ii It I" 

FI"OIl1 th(' ('quation IIbo\'(' ('os cP, nnd ('OIIS('qu!'lIt-ly cPo ("UII 1)(' I'011 lid 
for IlIIY cOlllbilllltitlll of t, r, It.r, lind /.; and lIft!'I' finding 'p, • 

(i,I,/ 'f 1"( It ).11'- -' ,/,-,) Ill' 
:) 'f' - I " 

wh('I'C' 11' is th(' Jond in pOIIIHls Jll'l' in("h ancl II' the' loncl ill JlOllIHls IWI' 
foot of hnlr SpHII that will CIIUS(' 1I nlHxill1llll1 IH'I\(ling sll'!'ss of)' pOIIIHls 
per "II lin f'(' iudl. 

This fOl'llluln CIIIlIIOI bl' us('d dil'l'cth' for findillg all diml'llsiolls of 
all nI'ch l'ib. I I, how('\·('l'. II f]'ol'ds i1' l'l'lIt!y lIIl'H'nS 1'01' fillding till' 
TlN'('S::;nI'Y \\idth of thC' I'ih nft('(" fillding till' nil III' of bIt ~ I'l'<tllil'l'd to 
I'('sist (hl' !ll'inlnl',\' nlO1IH'1I1 alld a,,:-;ulllillg' :1 nil II(' 1'01' It. This is 
illllstl'lI.t('d by thl' following' ('xnlllpil': L!'t it bl' 1'l'<[llin'd to find the' 
('('(lss-,;('("tiolwi diIlH'II,;ioll'; of :III n.l'("h l'ih to l'l'sisl thl' 1)(,lIding 1Il01l1C'lIt 
illdwell by II l(lllt! of ;i12 POIIllt!S Pl'l' fool (11'1011 II\(, hnlf ~pnll of 1I11 

al'ch wilos!' ';Pllll is 401'('('1 nlld l'i,;(' S f(,l't. til(' :lIlo\\'nbll' Iwndillg s(I'\-s'; 
Iwillg l.fi()O pOlllHls Ill'l' ';(111:11'(' ilH'h tlllt! I:' Ill'illg t:lk(,11 n,; I.OOO,OO(),-, 

. I '1'1' . /1'," • I' II It' I" ti4 to I'\'SI"t \\' II(' I pUlllH S pl'l' ,;q lin 1'(' 111(' I. pl'llIl:ll'y IIIOllIl'llt 
I 

it is fOlllld thnl n \':illI(, of .i/Ii 1'01' blt~ is I'l'quil'l'd. .\SSlllllillg' 1I :Is I:! 
inch<'s (wili('il \\'olrld Illnkl' Ii -l il)("IIl'''; 10 Ink(, ('n\'(' of prilllary 1l101II('lIt- ... 
0111.\·), ('0"; cp i,.; f(HIIIlI frolll til(' \'(,Intioll jlIS! !!iq'lI to 1)(' O.!12(i. wilPI\('p ) 

I. '1'1 II'().:1~ / nll III II";. I('n II 

( -t,Itl ):1 1:20. \rlll-II('!' for II' ;iI2. h. (hp \'('(pril'l't! width of tlil' arch 

. . ,j 1:2 )_
nil. IS l:2tl or -t.:"I. 

It mllst 1)(' r('III«'II1I>('/'(,d tll:1I tl\(· fOl'l\llIln J·II,.;t gw('n I'm I\" OI'lrII 
applil's ollly to 1111 nr('11 \\illl purnlioli(' nxi" n.lld ('Ollstnllt (,I'OS"; s('("(ion. 
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FORMULA FOR DEFLECTION OF PARABOLICALLY CURVED 
MEMBER UNDER END 'rHRUST 

.' 
For evnluntion of modlllus of elnsticity nlld detcl'minnti(,n of the 

Pl'opol'tionnllimit from dtLtn on the pn1'n.bolk cU1'yed ml'mbers tested 
I1lHlt'1' end thrust, an expr('ssion l'elnting th(' <lil11('IISiol1s or the specin1l'11 
h) its loud, dplleetioll, and mod LIlLIS of cI:lS tiei ty is roq uin'd, 'l'his i,; 

ci<>riypd flS follows, stnl'ting with th(' well-kllown l'rlnt-iol1 i\f- FI c£}{
• • - '" d,l;t 

and using t11(' noin tiol1 illdic:I t('d by figtll'c 70, 

JI 

\\,1)(,1'(' ilL jI·:·/,,'1 
Till' solutioll 0(' this <\ilrc'I'c'lIti:1I <'qllatioll, slIbjc,(,t to till' ('ollditiom; that 
til! 

,~() \l'h,PI! ,I:'· () nlld II () \\'11<'11 ,I·.~: ,l~, is: 
(,I' ' 

" ,[ S('OS 11,1'. ..j.1'~ ~.II~F,' SJ?I I I t 1"'Z""7" 11- W,'I,· - ('0:; ;) 

\\'h('I1,':"', O,!lo 1I('1I('('(iol1 nt ('('litPI' IIlId!'1' lone! I), 

I C;,.(s('(' '~ - I)- I] 
.. OJ' lI'itll til(' originnlno(ntiol! 

[,,/~'r( {II> ') ]
!/,,-/' P7~ ,';('(':2, l~'r-I -1 

This ('qlln.tioll ('.al1l1ot \)(' soln'd dil't'c,tl)- ('01' f<; wllPl\ ('Ol\('UIT('nt 

II II II)PI'i(':I I Y:lIlI('s of !fo :Inc! f), :I:; found fl'olll 1(':;1. an' slIbsIit'ut('(l. It 
(':In, 110\\'('\'('1', lw :;ol\'('d illdil'P('tly ill tl\{, (,oll()\\'il\~ \\'n,'" !{(,wl'itil\~ it: 

!/.. :.!(s!'(' o· 
.o~

I' 

{ /1), "7:.:. 
w11('['(' e·=,,:.! -V I~'I :I 11 d o·~ -J.l~'r 

'1'11(,11 Y:lIII(,s of ¢ ('Olllplited rl'O II I II :;(\I'i(':; of ntlll(':; of 0 liT'(' plot/pd 
a~lIillst e~ lind II CUIT(' is d 1':\ \\'11 tllrollgll tIl(' J'('slIlting points, '1'11(' nt.illC' 

of e2 ('OI'I'cspollding to any l'XIH'I'inH'lltnll,'- cil't('I'llIilH'c/ ¢, 0[' ?loil', ('nil 
f'7~ I)Z~ /'02/('I

IWI'I'lt.d from this ('\In-(', ~ill('(' O~=4Ef' thPll I~= :Io~r nnd IJ-=Ll~~; 

IICll('C up to thc pro(Jortionlll lilllit 1) K02, \\'II(,I'(~ I\" is a. ('onshillt 

I - 4g1 ' t 1('11 V:\ I /'f'I'nJlll I I :IS 01'(I't.1l1n('q 1m, L'O -/2 
11"1 II('S (J. n tpst nn' p ot Ic'( ('s 

willI valll(':; of 02 I'('ad 1'1'0111 th(' ¢ O~ ('III'\"(' liS lIiJS('iSSII:;, t/tp I'esulting 
point;.; folio\\' It stl'night line 10 til(' proportional limit b('yond w/ti('h 
t Iwv depart J'1'01ll til(' lil1n;),!' /'(·111 t ion, '1'11(' /' 0'2 diagram thus serves 
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the same function as the load-defipdion diagrum for n, simple bPi1l11 

subjected to lrf!IlSyel':-ir loud. The YBlues of J> and 8~ nt tll(' pro])o1"

64 r,---,---,----r---,----

I 
i 

p~o:..~!J.;...'_ t C&i? ~~o "1f/',18t'eS61--
/;.5.19,'" h-e.93 IV 


[.3{)8.1,W." .5.6:3,,' ,~J 


j'i6C:\ r.G,~ci v, 
~----, 

"B 
>.: 
c~ 4( ____ 

-+-----

~ 
...... Z4 ~~--~ 

J6 ---- 

"';:." 

il' 

1'1(;\ It I" .1. I), II" j)1H~I"UI1l fur ('111"\('<1111<'1111)(,(" :\ ... :!,..... 

(iolllli lilllit :11'(' fOlllld fl'Olll ~u(''' n dingT;lI11, :111 ('x:1lllpll' of whiell I" 

ShOWII ill ri~tll'(' {I. 


•
r 

RADIAL STRESS IN A CrRVED MEMBER 

Assumillg lill('nr di"'trii>utioll of 1)(,lldill~ ,;II'I'SS 1I11d, rd(,ITill~ (0 till' 

Ilotatioll sl;o\\1J ill fi~uJ'(' {~: 


Ii.l! 

""~ ...nnd 
fiJ r 1:!.I!.: 

fz -bit"bh" hl~ 

TotlLl tellsion ill a strip of width b nnt! drpl It fl'Olll .: to ('OIl\'[lX 

su I'ftLt'c 


I~." I'''"7' ' .:d.:
Ii" • :/ 
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Now the totnl tf.'nsion in t1 leIlS!:th b of n r,lincil'irnl "hell of rndius R 
under n11 internnl pl'e~snre ll('tin~ normal h; the "h"U nntl of intensity 
Ji per unit of Hl'en is pbR, Whelll'e we llltl'y :,ct 

T=:~J[ Ih~- -J.-~' pbN
'l.k' 

;)Jf 
[liltI W II('n;:;= () ,P='2Rblt 

c\,h;o if :: is ::--mull ('omp'Il't'd to r, tllnt j", r b Vl'l''y ll(\nrl~' ('lIUU! to R. 

;L\f }
P-" '21'b';:' ( I" 

11('111'1.", nnd ]1 i,; nldinl1~- di';l1'iiJlIt('d ,;illlilnl'iy to t!tp Y('l'ti(,<ll distl'ibu
tioll of l()ll~itudjIlHl ,;\t('a)' ill n h('Hm, 1\'hic,1t i" ill llC("()I'(/UIH'P with the 

Fll,r·ltr. 7:2. I >iagrUltl .. ttll\\ l!d..~ ~.(,t!ll iOB J, ... (Or! d .• [..'rt\ ttll! fortunia fOt" l'adinJ 
..... tJ'l~ ....... it: :I "IU'YP,f rltf',nbpl" 

(JI'(linntp,; of n pnl'n!Jo]a \\I!o,..p \ I'l'tl''' j" at tile' 11Plltl'nlu\j..;, TIIP l'ndinl 
,;(n·......; p hn" it .... Ill;l\illlllIll \:dll!' lit (II(' 1]('1111',,1 ""i" \111('1'(' il ('qlllll" 
:UI 
'll/;!, 

If till' In'lflH'Il( i" ll" ,;hOllll ill fi~III'(' ,'.!, II i" ,;(n''''; ill C'UlllPI'P,;,;ioll, 
whill' if mo:ltl'lll 111'1'1' ill (Ill' oppo-.it(' diI'P('(iol1 JI \\ oltld Ill' :;11'('s'; ill 

( (,1I"iol1, 

EFFECT OF S.HRI~KAGE OR SWELLI.\'G O~ TI-m SHA:'~E OF 
A CURVED .LAMINATED WOODEN MEMBER 

.\ (·UI'\'(·<I lulllilln(pd wooci('1l lllC'fllh(·l' (PJ.!lS (0,;\\'(·11 OJ' shl'illk radially 
I;}('f'()';s til!' ~1':1illl with nilSOl'ptioll 01' Ins,; (If IIHli"tlll't', l)lfl pl'ndi(,:1I1~' 
flO (·ltUIlg!' ill longitlldifl:11 (al()ng til(' gl'llill' dillll'lI"jull (lC'CllI'S, Figure 

http:oppo-.it
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73 shows the notution used in derh-ing the formula for chnnge of 
curyuture pro<ill('£'d in n wood£'n nl'ch h)- l'l1dinl swt'llillf! 01' shl'inkngt'. 
III this figul'e tltl:' length of (,OIW£'X fnr(', L, =~ Ra; tlH' ]t'lIgth of ('011

cnve face, l=l'a; the difference in length, L-I= (R- r}a=ia. 

~ L-l
V'!Jt'!1eef=····

a 

Xow suppose tlwt, flS fI rt'slllt: of l1loistul'£' ehnllg£'s, th(' thi('kllt'SS is 
chnllgt'd by u fuetol' k (positi\'(' fol' s\\,plIing nnd IIPgntin fol' shl'illkngl') 

•
, 

LEN6TH=L 


.. 
( 

FlOt'lm 7:3.· f)la~nlJll sll!mill~ llo\alil)lI WiPe! ill d('rl\'ill~ thl' fOl'lllula for ('11:l11~(, 
of f'\I/'vabll'l' 1)I'od1Jl'pd III a \It)(ll]('11 1I11'm\J('r hy radial ~\\!'\Iilll! or shrillk:l~l" 

so t.llllt tilt' lhickll(lsS IW(,OIlI('S I (1 • k). This ('('suits in 11 l'l1H1I!!(' 1)\' 11 ... 

fn('(ol' fJ in tI\(, Illlg]£, a ",lli('h 11\('n iJP('Olll!'''; cd I • If I. TII('Il ~ill(,(: L 

ulld {HI'e pl'Il<'li(,:lII,\' ull('hnllgpd th(' Ill'\\' titi('klH'sS (·!fwd,.. 


1(1 'k ) 

Ill! t tht' ol'igilw I f hickll(,s'; \\,n,.; .. 
Ll 

t=
IX 
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ilnd diyiding thl' new by tIll' ol'iginal thickness 

] + A: 
4- rj 

whence q=;--:...~.. Silh'l' I,. is UR11:tlly \'C'l'y Rmllll in compill'iHOn with 

unity, q= -fr, npPl'oxillllliC'ly, nnd ht'lI(,p witpn t is ('itulIg<'d by n Rmnll 
IWl'('entngl' k. a willlw rhnllgC'd by Ilppl'oxinHliply tll{\ RIIIllP IWI'centngC' 
but in til(' opposite dil'l't'tion; tllllt is, radinl H\\'plling f'lIllRPH n dpCl'(ll1He 
alld I'I1dinl shl'inkage Iln inf'I'PlIRC' in the IIllgk !>etwpen thp {'IHls of It 

eUI'\'ed memhpl', It Il1ny 1)(' not'pd flint tilt' PPI'('C'ntngC' ehnngl' ill 
IIl1gle iR independent of thplpngth 01' til(' dinl('nHionH of' tite' rr'oss sel'tion 
of' thp piece, 
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ORG.\NIZATION m' THE l'NlTED STATES nEPARTMENT m' AGRICULTURE 

WHEN THIS Pt:BLICATION WAS LAST PRINTED 


Secrelorll of ,·Igl'iculilire. 
r'wier Secl'eilJ.l'lI 
• I .•,qislnnl Sf'crelal'll. 
DiNclor of [lIfOl'll/lllioll 
IJirc('/o)" of Hor/c ",,"iOIl 1I'1II'k 
J)irfc/or of Fi'll/UI('C 

Dil'eclor of J>l'rs()Il11l'l 
J)£r('c/or of Ne"(,I1I'('h 

Direc/ol' of J/ol'kelil'fl fllld Url/lIllllory Work 
SoUl'ilor _ 

Land ('s(' ('oorriilllllor .. .. 

().tlil'c of PIa III IIllrl () pCl'alirJIIS 
) 	 ().Ilicc I~r (', ('. ('.. Ielil'ilin< 

().Ifi,(' l~( E.r/ll'tillll'lI/ ,"lo/foIlS 

O.fficc of [i'ol'ei(l1! .·lrll'iCIIl/ura/ Hl'll/lio/l" 
• If/rieul/llmi .lrI.iu<llI/nt! .ldllliui.'lrnli·)/I 
J3l1rea.u of .Iwirulllll'o/ ('/u-mi"/I'!I IIlId EIl

flil'('{'l'illfl·. 
/3 lin II 1/ of .lyricltiIIlNt! HI'oJ/omic., 
.Iuricu/illmi .\Ilu·kr'iiltf} S(,I'I';('I 
I~lIrl'llll uf ,lui11111/ Im/lIsll'!1 
('(lillI/wilily (',.((lil ('ul'fJ(ll'llliflll 

('(I//II/llldlly H:rcllllu!l1 .ldlllilli.'/mlifJll 
/3111'('(111 (}f DIlil'!! l/lll",./I'U 
HI/ru1II 11/ 1~1tllJlIlo{II{1!I1I1/I1 1'/11111 ()1If1/1l1iti/(l 

Pllrm S('('uril!! ,1,j/llilli.,lrllliml 
FNierat ('l'fJP h,SU/'(lIICf ('orl}(lrfl/i"/I 
F('r/trlll Surp[II,< ('o/ll/Illulilil" ('01' [HI!'/Ilillll 

FfllIll fllld IJr'IY . I 11111 illl'"t "111;,," 
Fort,.o.;/ ,,,'( l'l'ic(' 
I1'U'('I/II 1)/ I/(Jlllf Hr'/llIfll/llr., 

1,;11"111"/ 


lJil'isilJ/l of .lIlIr/;llillll 1/1(11.1/1/1'/;1111/(/ .IUrl/' 


1/I('IlI" 
/f1//'{"1I11 uf l'l({1I1 Iltrlll"t",/ 
HI/rill Hier/rijirlllioll ,ld/llilli"lmlillll 
Snil ('(nlNu'I'(IliOfl Sf rl'icr 

"/If/Ill' /)il'i,illll 
WlolhU' !Jllf/"au 

HrJXllY A. WAbb.\UE. 

~l. L. WILHOX. 

I·L\llHY L. Blwwx. 
:\1. S. E,,;gXIfOWI,II. 

C. \V. W.\IUI\'It'I'OX. 

"-. A. J C-\II'. 

Roy F. IIEXDIUC'KSOX. 

.JA~I~;H T ..J.\IWIXE. 

A. (1. BbAf'K. 


:\1 ,\ S'I'I X G. WIII'.I'''. 


:\1. 8. EIHI~xIIO\nJIt. 


.\ It'I'III'1I H. TIINI'C'III;ll, Chief. 

1,'HI'JIl \y, ~1()Itlu,JI,I" ('hilj. 

,J UIES T. ,J.\lWIX1~, ('hiej. 

I.EHI.II; A. \r II ~;J-;I."lt, Din'cior. 

ll. :\1. \o:\,.\XH, .1,IlIIini,'/raior. 


IIESllY (;. K:'W;II'1', Chicf. 
II. R, '1'01,1."" ('!lief. 
C. \\'. K I'I','\I\'J:-;-, (,hief, 

.JOIIX lL ;\lolIl.gn, ('ililf. 

('.\Ill, B. HOBB\:-;H, P/'('~id(,lIt. 


,J. \\'. T. ))\'\'gl., ('''if/. 

O. I':, Rm:u, (,hilf, 
J.IW .\. 8'1'''0:\'1;, ('Idr'/. 
W, \\'. AI.I>x \:\'Il~]ll, .I,III/iuis/tolor. 

J.1d{.OY K. 8,\11'1'11, :-0111110(11'1'. 


~IIL() R. I'I;RKI:\,H, J>re.<it/fll/. 

\\'.\1/\''''1( (;, CI.III'IHJI,I" ('hilj. 

F\';ltIIIXI:\'J) A. ~ILI'(JX, ('hil/. 

J.f1\'1~I'; ;-;TI:\'I,I';Y, ('/tiff, 

('I,.lItIJJIo;I. H.. Il IIlX~;'I''I'. l.i/Jl'lIrillll.. 


:\IILO H. PI'JllKIX", III ('hl/r{fl. 

E. C, ,\ I'CJI'I'I~lt, ('/rilj. 

RlHlIm'l' B. CIUII;, .1.",1. ,It/lldn. 

II. II. Ih;:\,:-; 1,;'1"1" ('hilj. 

,J 0" IfI' 1 Ill'; I(~ 11\ ItIl'I', (,h hi. 

Fll\~"I~ \\'. 1{]';I!'III';J.IJEllnJII, ('hili, 


Tid- I,,!llt·till j" It ('()/llrihllliolJ fl'f)lII 

{t'lIfl .... ! S( 'Tit"(' 1-'I';ltfll\'.\.-,;n ,\. 811.(OX, ('hief. 
/(1'"/111"(''' C. I.. I' ()I\"I,I~(;, J II ('/lI1r({e. 

IJiI'i"illll IJf 1"Ol'IM 1",tIIlllrI' (;I';OIWI; W. TIt.lnJlt, In C/rnrye. 
P"n,<1 I)rod 11('1.• 1,11/"'1 (1/", !I C'.IIt1.II.E 1'. \\'IXHI,()II', /)irl'r/",., 

'l'ilJ.iJlT .\11 c/f/lni!',' . I.. ,J, :-01 \IIKI\".\IW'I', l'rillcil'lll 1~lIfli

nee,., ill ('harge. 
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