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DmlODUCfIOH 

Wood 1• a hygroecopic material which •ans that it can pick up or 

loae moisture according to the condition of the aurroundtna ataoaphere. 

This mo1ature traufer continue• until a balance ia e•tabliabed between 

tlw moiature content of wood and the humidity of the aurrounding coadi• 

tion1. Tta. final uaoiature content attained by wood due to tbia effect 

•• well at due to prevailing temperature and atmoapheric preaaure 1• 

COlmlOllly known•• tbe equilibrium moisture content. 

Moilture traufer will introduce two major probleu in wood below 

the fiber aaturation point: clumge1 1A variation of Mcbenical and 

phyd.cal propert1e• • and dimensions. Theae chap• with regard to 

moieture content are different tn radial, tangential and lonaitudt.nal 

d 1rectiona of wood ii.Dee tt b aa orthotropic material. 

The duration of aoi1ture transfer below tb.e fiber aaturation point 

ta g09erned by the lava of diffuaiora. 'flata proc••• ta not a 

one alnce vood • highly complex atructure •• prntoualy reported by 

No1cblor (33) and Hart (18). 

la practical applicatlou, accordf.ag to haraoa (34). 1eaaonln1 may 

produce an 1ncreaae of 501. or aore ta the inherent bend1na 1treuath of 

bigh grade tiaber. in 1trengtb propertiea in relation to 

moiature coa.tent chanpa follow an expoontial function (40). 



In the paat when woocl uaed in atruetur••• lnd.ldera. and d•• 

did not give full eoulderation to thi1 illportat pbeaa.naon 

of tbe aoiature dependence of wood propertiea. At present in the 

Barl• Diatrict of Nft York where buildiD.p are under rehabilitation, 

•om 4,,,,1/2" x 12" x 26' beau were found to bne deflected 

•• aucb •• 10" duria1 tlw 70 year•• witb 1oae of the deflection 

reaulting froa the unequal ••ttl ... nt of 1upport1. (CollpliMnt of 

laith (36) figure 1). 

hcotly it ha• l>Ntl notic..S by Berka• (S) • Bello (7) • ad David• 

•on (13) that not only the eondltioa of the 1urrounding ataoapbere 

but •l•o internal and external fore•• bne influence on the moi1ture 

contnt of wood. 

Internal fore•• may btt iatro4uced by drying. growth condition, 

uneven dimeuional cb.angu. external fore•• or by their combiutiou. 

Thi• ••u that a atr••••d and a wood will have differnt 

ecautlibriua aoiature contents under identical aurrounding condition. 

Prel1ainary inv .. tigationa Uluetrated in Figure 2 were conducted 

at VirgiD.ia Polytechnic Iaetitute by the author. They reaulted in 

the•-- concluaion •• thole reported by the inetttptor, to whom 

reference 11 ••• (Pigure 2) • 

The acope of thia •tudy ha• been dnelope4 on the b .. 11 of the 

prevtoue obaenat1ou and following tbeort••• Bated on Barka1 1 reault1 

(S) one caa ••Y that in a noa-Wltfont atr••• field 1ucb •• that tn 

bending• wbere tenaile •• COIIP'teHbe atr••••• exiat, each atr••• 
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ff.pre 1. lllf.ldlaa _..r r•IMl•tU.uttOD ta ..., York .... 1... (6JS 
lalt Stla ltnet) plMttop-aplae• ., •••• lld.tta. 

•• fte floor lnel ii ••fleeted fiYe tacllft ta tbll ...... 
•• Geaeral wi• of 1111ft for pr•f•niutetl '-tlar....,. 

kite ... eere •lU (1). vta,l•C9"n4 .,,._ wal11 (2) 
_. fnae WOl'k for 1u1peue4 .,,.. cetliap (S). 
••t• cu Nat --· 
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ff.pre 2. treUld.ur, •per1-ta • tlae effeet of •lltun eoaceat 
cllalla•,.. to •tr••• •nlloatt• ta woed. 

•• lal-tlon t••t wltb ••11 •- ill 

b. er.., ....... cue •ltla laq• .. _ la ,..orpcloa. 

c. er.., ._.taa teat wltll ••11 ..._ ta comcaat ...... ,,, ... ,,, .. 
4. Hnetf.oul effect oa •ht•n ClOlltellt 4latrllna&l• 

utq -11 .. _ •d•r bftdf.q la coutat relatl•• 
laal•tt, coa4ttlona. 

•• C..,na1l• cut I.a dnorpttoo. 



I 
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lff•l for both klnfa of 1tr••••• 1hould influeace tbe aoutur• coatftt 

of voo4 la • dtfferat n1. 

The obJeotlYN of tld.1 laffltipUoa di& N •• tollon 1 

(1) To provide 1afonatioa on aollcure 41atr1bat1oa ill vooaa NIIIII 

ua41er caaatnt load of Tarioua lffela 4ud.aa •latur• trauf•r •••t• 

t1•1 (2) 'fo ebaw wlletlMt:r or aot illfer•t tne1 of •tn•••• f.afl ..... 

the aolature aoetnt le'fel clurlq aol1t11re uaufer ••dl&toaa (J) To 

1t11d1 the creep Nlanior of woodea •- durtq auorptloa ... 

... orpttoe of -,uture; (4) To aulyae •• aplaia ta relati••laip 

betwen 1tr•• lffel allCI •iatu• caa.taat ill fleucl •-• 
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UVIIW OF LlTDATUII 

The literature survey hereaft•r will include all the important 

previoua inve1tigation1 known to the writer which were considered to 

be in relation to the objectives of this study. These in~estigatione 

will be di1cuesed in two separate chapters according to their main 

~bject matter. 

1/ prue ftudf.!! in Wood g lel•tigg tg Nof.•ture Coratept <:uae• 

If under anycrmdition in any mter1•1 deformation take• place 

while load is held constant this deformation in knotn1 as creep. It 

could be defined•• the time dependent part of strain resulting from 

stress. 

The creep phenomenon been noticed for quite aOM tiae but 

little vork has been dooe 1n this field until recent yeare. According 

to Clauaer (10). the ff.rat few studiee were minor in scope and were 

conducted under little or no control of at:moepb.eric condition. 

In 1947 Wood (42) reported on the result• of the ftsat ere-, 

conducted by the U. s. fore•t Products Laboratory :f.n Kadieon, 

Wi•constn. Thie report includes a quantitative relati011Sbip between 

d•formatioa, •trua, and duration of load and the safe loading capacity 

of ttruc:tura l tt.e.ra. In 1951 1 •• a f ollow .. up I Wood (43) preaentff 

a aathematical apr•••ion for the relationahip of b4tn«U.ag etrength 
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41uratioa of load. TIit., eapir1cal foraula ••• foua41 aatufactor, 

ud coul• be coaatdered aatiafactory for paeral uae at .... cat 

relatl•• lauaidity condition. 

Ill Auetr•lt•• work • tlae c:rHp plae1101Naoa u• •-c• ta 1949. 

ID 1951. llaptoa ad ...,_,roaa (25) d..,.atrated tllat deflectioa of 

._ ... uader loa• tacna1u at acliaialalataa rate for at l•••t oa• 1•ar. 

U, bolfner, fallu.n c01111111c•• duriq tla11 perio4 tM 4efhctloa vu 

fo•d to COlltf.aue at aa llacr•••laa rate. Ia 195), 11aw (20) 

reportn • Mtbod for tlle deteraiutlon of tu relatiff effect of 

varioua ea tbe plaatic defonatlon of woo4 ... plywood ta 

coaprea1loa. 

Dllrtna a atudy of tlae ••lulalcal caradltiouq of bip pol,-n, 

Gro•••• nd 1J.a11toa (16) fouad tut• c-,ariaoa of crHp •• re-

laatloa cauot funiala lafonatf.aa oa tll• aiateace of ••ballical 

coadltloataa. Groa._ ••llfft•d that•• aplautlOR of ,-ftlllllnt 

creep en be foad fr• tbe dlffernct NIV"9 • crNp nn• aad tile 

cl'ffp ncnery cune prowl ... blall preclatoa la •••urf.q of er .. , u 
poaaU•l•• 

Ill J•••• creep 18.Yfftigatiou were eoacluctu ••l'f.Da 1956 to 
1951. lusty ... aperilleace• with aull ..__ of Ja,auae..., adel' 

lona•tille loadilla. BU re1ult1 wre a.-.lUlt 111111ar to tlaN• of 

Wood and of IJ.aptoa _. Anltroq accorcU.aa te Cal111er (10). 

Vllll• •autylq atraia Nlulvtor of wood ••bJect•• to repetttl•• 

1trea1ia1 ta teaai• parallel to pata, S.11- (12) report•• t••t 



the creep-cyel• auaber relatton1hip wa1 •l~tlar for the three tpect•• 

f.a\rolved in hl• f.llYe1tigatlon. Thlt relationthlp could 1N .-pre11ed 

~1 • logarttbmlc equation. 

Glaueer (10), in 1959, indicated that creep behfftor up to the 

polat of 1aflection oa ere., tun• cCM1ld be apr••••• 1atl1faotoril1 

by • nlat1.,ely 1taple -,trual _..uatlon wldola waa •--hat 11atl1r 

to that of lallou'• -.,aatt•. 

TIie f.ateraettoa of wootl nd •lature ta • prol)ln which NMiu 

alplfleat after coutruetioa. Iola (8) ine1tlpt .. tlle ••••aul 

••riattoa of aoiature eoatat •f 1truetural wood eleaenta l1a lu,..1. 

Aceol"diaa to 1111 n1alt1 tlM laraut ellaapt occur ••rtaa apd.aa •• 

fall,•• en be a,eeced. 

Anllltroaa acl Uaptoa (2), 1tudf.e4 tlte effect of cbanp1 la 

ao11tur• eoatftt on ereep la wood. ulna 1aall .,. ... of different 

1pecte1. Aeeorcllq to their ruulta aoiatun aoatn.t of wood 11aiacll7 

1af1Mncecl creep while ua4er loatl. fte 1tni11t f.n f'XtnM fiber• wr• 

-.wll 1reatel' on tile eoapna1lcm face of hau thaa tboae oa tlw teuton 

face. ltr••• nlaactoa •--• ,....,IMlt d.11f.lar t¥n:41. 

Al'llltraq nd Cbrf.lteuen (1) repo,:t_. tut •n• proloapd 

flexural load appU.eation, the c:baap in aotatun ccetent affeete• 

tlN rat• encl •sattade of deflection. '!'!Mir r•ulta 1114S.eahct tut 

ao1t of the 4efoNat10ll oecun-ecl .wttllba that period, durtq whtela 

aoieture coatent cb.npl took place. '!'h.e •pltwl• of tllia .. fo1111ttioa 

wa1 fouacl to be depead•t •taly oa th• at•t rather thaa • tlae rate 
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of aola&ure eoat•t ebaqe. !be •chanuu 11l•olve4 f.11 tlai• 

••r• aot nplaillN ••tiafactorily. 

tiaptoa •• Clal'lra (26, 27) reported that tlMt relatiolllllip 

'l»ecwen oreep ••••naa•l.ola ad deviated from linearity at 

; 1tru••• ••• anr•illately 4Gi of ultimate With increaaf.Da 

C4tltperacun, botll t-,.rar1 •• peru1ut11t creep ••:r• found co incr••• 

cona1•erabl7. !lie effect of ell• rate of lndiaa under 1tr••• or 

aune ... aeall&iltle. At.atlaora al10 att•pted to aplata 

tile MlHUlar Mare of ,..,_ary creep. Accordf.q to aolecular 

, ....... an mol"• 1D rNoweraltle flw. Tbi8 flOlf ••• tbouaht to 

bt ... 11 ••• •1 IMrN occurred la the rep.oaa. 

Aa n,ortN lilt Uq (23) cnep vaa fouad proportional to tlw 

loprttllll of Cille for •11 tile firat 30 or 40 Creep occuffff 

ta all apeciel tn•tiaate4 at tbe atr••• level a11CJuating to lff or 

1••• of 1llort tilll 1unat1a. 'llae iaitial atral.a creep alld •tr••••lnel 

or-, 11M11re• a two •caae relatioa111lp. 

Arllltl'OIII aacl Uaaat• (:S) foua4 tbat deforutio11 of wood in 

Nlldlq •• a-,ne1laa laonu•• uru1.U1 d11rt,111 4-aorptioa of water 

f.11 ltotll 1f.llale •114 repeat•• cbap• ill aoieture aonteat·. The teutl• 

••tonaati• deer•••" lty • -11 allDUllt or r-11l•4 a~baapct. lllrlq 

tlle ftr1t ... orptioll cycle of illlCIAlly atr•dsJ wood la Nlldin& aad 

teaai•, tile ufenati• f.acr ..... , ta.ner, ill all a4aos,tloa 

cyel• tlle .. ,o .. uae ... .,.. ... ta belldllla 11114 and iacnuN 

1lf.alltl1 ill uuf.oll. tlMt race of ••fo'Clllltloll after each cycle laen• .. 



ar••uu,. tile fracttaul •fonatf.on of woo4 ta 4-,re11ton ••• 

ar••t•r claaa cllat la .._.1111 wilt.all 111 tan•- anatn tllla tut la 

tn1toa. ltr••••• 4ue to aof.1t11re ar••t•u •t• aot ..,..r to be 

rupouUtl• for tlae increaeu d•fonatlou oeeurd.ag durlaa ellallpa ill 

aoutltre co11tnt. 

Claruteun (9) •••• -11 .,..., ... ., coutaat loa• to atudy the 

effect of ChasN ta aof.ature coat•t 011 tile 4elc,nat1oe of WON. IN 

to tile aee,tf.oully -11 1ue •PNiaeu ue4, tut naaltl were 

olttaiaN ra,1•11 beuu• •ilt•r• 41ffuloa •• an•t•t ••n llillf.111••• 

!lie re1ulta 111•tcat" aiallar relatiouldp a..w ... cuqe la aollture 

eoatnt •• ••fo11111U.oa •• thole report" lt1 otller AultraU.n f.lrfflt1• 

ptora. 

lurlaa 1tv.4f.e1 of er•••• nl ... tf.oa •• fat.lure of"°"• liapton 
(24) fouacl that the tille•de,-._t clefonatlca n1 anatl:, lllflUelleN 

b1 ....... of •lat•n c•uat ... by t..,...ature. !II• Cl"NP defOllla• 

tiOll oa the 1ta of.,. ... wu fouad to N llf.per tbaa 

tut oa the teuioa at.••• Aecodtq to llaptoa tlata uy be au, .. 

by cu faet tllat 1tn111tla of woo4 ill teuioa 11 ldglutr tun ill 

eoapr .. atoa. er .. , ••fo,-u.ou la c-,ruatea, b•1U.a1 aad c ... toa 

parallel to anta ware -,,ratutel:, tlle •- muter cout•t aoutare 

e•t•t •••ttloa1. lat wlMla die •tatan c•cnt c••itlou were 

'farf.ecl, u•p w1 fauad to N la11 la taul• tltaa la ooapn11ioa or la 

bee•tq. llapua lMf.utN clMtt then wu ao 1lpiflc•t df.ffenace 

ill cnep llellnlor of WON of •tff•r•t apee1H. 



David1oa (12) reported on 1ome re1ulta of the 1nf1unee oft..,. 

erature on crHp la voocl. laall 1ncre•••• 111 the 1lope1 of tbtt erNp 

recover, cunea were obaenecl at t•perature1 up to so0 c. tilt• change 

in the alope1 •• aucb larpr for cun•• detenlned fr011 teat.a per-

fon.ecl at tnperatur•• ill tbe range of between 50° C to 60° c. 
Duriag l1We1tlptiCN11 of nailed Joint• conatncte4 of AuatraU.an 

wood.a. Nack (30• 31. 32) baa fouad tbat creap ia nailed Joiau after 

load application uy be c:on114erable. Biper lou ba4 prod\lce«I laraer 

total dlapl•c-nt. Tbe fractional creep vu tbouabt to be U.aucl with 

the nail vltbclr••l reautnee. 

Croanan Uagaton (17) 1tudled tbe rheological bebnior of 

wood la order to eletend.n• unchtr vbat conelltiou Boltslllltlll11 auper-

poaltlon principle •1 be app11e4. AccorcU.111 to their reault• • tbe 

value of the proclucte of ..,1rtcal creep and relaation fuactlona •• 

• criterion of linearity wbichvae dependl.Da on the latrocluction of a 

lower lialt of the function. Tu Uaitiaa 1tr••• of U.aear behnlor 

vaa lower la grNA tbaa in dry wood but tt dtcl not lffll to be grfftl:, 

affected by c..,.rature. the individual teau ••I'• perfol'IIN uaar 

variou1 emadltioll• ill which the t-,.rature aa4 twat•lty kept eo111taat. 

Croa•11a&1 (lS) publlabe4 a •-r, of tile rHulu of r••••rcb 

on rheology of wood obtalraecl b7 the Divulon of rornt froclucu of 

the cra-!Mllftalth loientt.flc and lndu1trlal l.eaearcb OrpDJ.satlon la 

Au1traU•. !he coatnt vaa dlacuned arU.er by ladlvielual f.ll"leatigator• • 
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Youa1 and Hilbrand (44) 1tuclle4 the ttM•r•l•t•d flaurel be-

bnior of 1ull dou1la1 fir bo• acler prolanae4 loa4iq. TIM ttM 

to failure••• fouacl to ••orea•• u tu atr••• lnel ... iaer••••• 

but it ••• inclepndat of aolatllre coateat. !be creep ••forutioll 

aa4 time relatioulllp up to tu iaflect1oa poiat coulcl N repre1n1•• 

by • relati'taly 11.aple equaeioa. Tbla -.ucioa ta icl•U.eal with 

Clauaer'1 (10). 

Beanoa and htoa (1') coad11ctecl apertanu 1iailar to tlloe• i-1 

Chrtateun (9). 1.1.nptoa aad Aratroaa (24). T••• -,.rt ... u 

1howed that creep defleotloo ... depea4nt oa anU,N load, aolltu.re 

content and t-,.rature. n. l•r1• deflectiou olteenu ._rtq tlae 

tNta did not produce 1iplficaat cbaap1 la tbe aodulu of •luticlt1. 

Truaau rafter Joi.au dud,111 llOlatur• cycUaa ba•• betlll 1twllN 

by WilkiuOD (41). BJ.a re1ulta 1balred d&at tbe defluttoa of NGCliq 

apeciaeaa 1ubJec'8d to aoiatur• cycltaa •• aucb peater tbaa 

for Wlcycled 1pecillna. Ia teuioa 1peciMu tbe •- ,_._... 

••• ob1erved. !be fiul deforutf.oa apf.a vu areater for 1pecillllla 

wblc:b were 1ubjeeced to aouture coatnt cycU.111. 
t( 

laceatl:, cu u. •• IO'ffl'BINDt au ia4wi~l'7 -..,,. ~•al.a to sebabi.U.• 

tat• aome of the 1lua ar••• la tarp olti.ea. TIie actu.al l'ecoutnctf.OII 

of • t• buUdillp ba1 be•• eoapletu la the ilarl• J>utd.ot of 1w 

York City. ft• atru.etural w~ lllllbert 1A tu•• boa•• alaalre4 laqe 

time •• ...... t defo11111tioa aeeor~U.aa to lld.tla (J6). • (Jil'd• 1) • 



2/ lep,edenc:e S!I lont&n lgulU,brtp of ••• 99 l!!M•&e•l •m••u 

In a claaplng eaper1-t on beech boaru, Kalpt an4 Bwall (28) 

noticed that tile effect.I of elaapilag lowered th• aof.ature content• of 

board• by• aaall amount. The1e difference• aeemed to be rneraible 

•• they ahowecl a decrea1i11g tendency with tiM. 

Barlcaa (4, S, 6) reported that creep could 'be conaidered an effect 

of plaaticity but one muat al10 make allowance for elaetic creep. OD 

the baaia of a P, V (preeeure, volume) diagram, one can e:,nclude that 

wood will pick up lesa mobtun while wader re1traS.nt than when lt 

11 atr••••free (figure 3). Thlt pheaomenon abo can be taterpretN to 

Man that vhe 1tre11 1a acting upon wood in a eonateat bum1d1t1 cond• 

tion, it will lo•• moiature to the 1urroundtng atmo9phere. The cltrectloa 

of the acting etr••• and the moiature content of voocl have• defillite 

bearing on thia effect. Barba al10 pointed out that the elaatic 

conatanta are different for atr••••• of abort wration and for •uateiHcl 

load1. 

Tnloar (38) bu 1t11died ad1orption of water by hair, and lt.1 

1tre11 dependence. Ria ex,erilllnt ahawecl that th• water content of 

horaehair tn teulon wu incz:·n,ect by a nall amount. "l'hta obaeffatloa 

ii in agrNIDCfflt with the thenaodynamic tb•ory of elastic gela. 

Treloar•• result, indicated the opPoait• effect of tho•• of White and 

Stam (38) who reported on 1iailar experiment• with buMn hair. 

During a later experiment Treloar, (39) found that l1otro,tc 

fiber• un4er e0111tant teutte atr••• for 25 •1=t•• f.nerea1ed their 
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rtpre J. fnaaun VolUM <•• Y) DlaP•• (.Mope .. h• les:lr.u (S) ) 

!lie .. call•• •plauti• u Lael.._ la tlM tat. (pp.76 ) .. 
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aolature content eoulderably. la teata O'fft' loapr pertoda. tbia 

tacr .... t •iallluW poaatbly due to ultr•••trucaaral ori•tatloa vhil• 

ua4er the lafluace of atr•••• 

Kubat ad lyborg (29) nper1Mate4 with reetrawd kraft paper, 

•ad found tut aoumre coatent ilacruaad by ... 11 amounca iD botb 

the croaa aacl •cbiae direetioa. 

While •perillllat:lna witb ladiY1du.tl &N1P fibar• 

utler mu.al teuile atr••• la .tryiq condition, Jeauea (21) fCllllld 

tllat fibe:ra acemled at the begiaauag of the teat. Bawner, defo11111• 

tlOD clicl not ap,-r to be ..,._ .. t on 4ryina atrea•••• The • tn••• 

ff.Nra •bowed auperior •cllaaical propertiea and• bi.per dear•• of 

cr,atalllte orientation, but re•in•d uaaffected 

•• OOllpel'N to tboe• of flbera. Jent••• alao iadicated 

tbat apd.apoocl fiber•••• laraer chaaa•• durina tb••• tban 

auaenood flben. 

lecmtly Bello (7) coaducted to detend.rle the aapibla 

of ebanp1 in the equU:l'briwa aoiature content of wood when. allowed to 

take up aoiature vhf.le being reatraiaed fr011 ..,•lling by the appU.ca• 

tioa of the ar•iD•. Averaa• difference• due to 

re1traint were found to rauge from 0.511 to 1.441. Tlw•• differeaeN 

wre increaaing with incr•••ina •P•ci.fic: arnity. Whe11 tu re•tratat 

••• r._,,,ed• Cbe difference, gradually d1aappeare4 Indicating tbat 

th1• pellllomenon 1a probably r•~•~•ible. Other illvutigatiOllB also 

1bcJilMd tbe of tbie phea011enoa (28, 39). 
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Aceo~•ua to a.wt••• (13) tllit application of •clMDiul atnnu 

upan woo4 veuld create 01111 -11 4lffereacea ill mt.cure coatnt. 

lta••• • ncnt at Syraou• V.l'NflltJ. 



Hl!DXAL AD NBrBO• 

1/ Material 

a. ... 3/8" x 1/2" x 32" 111 dillea•ian• were uaed 111 the•• 111ftet1• 

gation•. !hey were prepared from yellow poplar (L1J1ofndr91 

9!U.pf.&ra Ju>• Lop wre cut at tbe Virai,nia tolyteclmlc lllatitute 

la••arcb and ••eel into 2" at a local ,.,.111. !be 

plaka were checked ancl only tboae were ••l•cted for beaa utertal 

wboee arain direction and growth-rate were eatlafactory allCI vbicb 

vere free of of any kind. .. ... were rouab 1awed froa the 

aound h•rt voocl ia the apprmd1111te diaenaion of 4/8" x 5/8" x 32". 

Then, the 1,e_, wre tupected again to fulfill the requ:lreaentl 

1,ecified bereabove. U•iaa an accurate planer the roup 32" •-

were planed to tbelr f:lul diaan1iou1 3/8" radial x 1/2" tana•tial. 

'tun, they were Ugbtly eande4 1111.na fl•• 1andpapar to rno-9e looae 

111vera. After havlna •• all the be- required for the entire 

experiment, they vere atom in a bwlidity cballber wltb the eonditlan 

equl,,alent to apprmd.aately 111 equi1ibr1• aoiature content. 

The be- were prepare4 for the perfol'llllllc• of the aperiaentl 

in the follOllfing ways r:1r1t 1 the:, ven appropriately labele4, tbea 

the polntl ewer vhicb the load wu to be applied and the poaitioa of 

aupport1 vere urked • the bNa. The depth of the center one-tach 



part of the apan of each beaa aarked f.nto fb• equal to 

indicate tbe locatlou for aoiature coatent detel'ainati0111. Th••• 
urldnp are •bolnl in rtaur•• 4 ands. 

21 1xnr1¥Bt•l R!•&e 

Durina thi• inveatigatton of the moiature dtetribution in 

yellow poplar beama under conatant bending load, four independent 

experi•nta vere coaductech two ta adeorptton. and two in duorptioa. 

The total duration of each experiMnt lasted approxi•tely ten 

'the average initial and final content• for four KJMtri-

aaenta are given in Table 1. 

Table 1. Average initial and final moieture of the four 
aperlllenta. 

Adaorption 1 
2 

Desorption 1 
2 

lnit:1.al lfot1tun 
Cogtsnt in,. 

6-7 
6-7 

17-18 
22-2:s 

rtul Notetur• 
PRPY!E fa ,. . I 

22-23 
24--25 
6-7 
6-7 

Jor each apertMat, IHt ... vere divided f.Ato three 

accerdlng to the conatant load lnei.. three repliate be ... vere 

taken from tbe bullidity chamber at ti• interval• during the teat 

period. Table 2 repreaenta the awaber of beaa1 involved 1n •• individual 

experiment. 
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rtpn 4. Aa 11111•traU.• ol. f1 .. 1eca1- nt f- a lie••••• 
tlae1r ••n•,...iaa e•taiMn. 
L • 11.aht load lnel 
P • llpt load 
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rs.pre,. 14u1,...u UN •rtaa the ilrff1tlpttou. 

•. Dea1ccator v1tll coatalaert au Aiulfortll -11tlcal 
.1 ..... 

b. Dry-wet wllt tlMtl'IIOMteS •• , •• ,.~ clutc1tiaa obauer 
coodiU.oo. 

c. lartially 1oade4 cbaakr, c•tti111 dnice aacl •t•l 
iatllcator. 

d. A auppost lnel, loiadina, n4 4eflectloa •--riq 
dnic••• 

•• IHtf.OIII Vitll natetaen 1a .., .. . 

f. 1a•1aer 1le,e1, ntttq dnl••• ... alutor •• cllal 
ta•te••·· 
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table 2. lluaber of beam by categori•• for each nperiment. 

Category 
Control (no 1.oa•) 

Loaded (light-2.205 lb9.) 
lefded (benz-4.410 lba1) 

Take Out Bo. 
!234,6 
3 3 3 3 3 3 
3 3 3 3 3 3 
3 3 3 3 3 3 
9 9 9 9 9 9 

18 
18 
18 
54 

The total nU111ber of beams used in each experiment waa 54. In 

addition, 3 bea• were used to detel'Uline the exact initial mo:iature 

content for each experiment. This am,,,uated to 57 beams per experimeat• 

and the total of 228 beS1118 for the entire •tudy. 

The time intervale betw.eu take outll were wutven •• can be a.a 

in Table 3. Since most of the moisture transfer took place 1n the 

early part of experiMBt1, the time intervals wre •elected with 

theae in aind. 

Table 3. Time elapaed between take outs. 

Jette out Is, 
1 
2 
3 
4 
5 
6 

4 
20 
50 
80 

150 
240 
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Tbf.1 n,•rf.llntal eet up coeforu to a faetod.al 1tatl1tteal 

•fftp u •hcM'tl la Taltle 4. 

table 4. lapertaeaul ....... for the 1tud1 of aouture 
dutrlbutioa in ,ell• poplal' .,. ... uader coa• 
•t•t loacl clurtq aoletun trauf•r coa4itiOIUI. 

f\urce 
Sorptloa coodltloe 
LMCl lnel 
tab out latenal 
Vertical poaicloa ill be ... 
...,1• replicate 
IIP!J&l!Pt gp1151t1 

3/ Pon41 t1 M rat re\ Mi Z,•g kS•UP 

2 
3 
6 
5 
3 
2 

1olo 

All Miaco lmaicltty clulalNr waa prepaucl for tile perfo111a11ce of 

tlle bn4f.aa teats. 11:aelvu were inet.allecl aloaa the two 114•• of 

tlM clulalter leniaa acle41ute space for frH .,. .... t of watn .,.,_ 

at the ceater portioa nd pro,ldiaa auff1•t•at rooa for tile •flectlOD 

••nru.a dnl•••• 'Ille altiel'fea pro.tded four aupport lnela oa 

vhf.ch tile actual ••nort• nr• placed. Yu 111pporta were of elaple 

type, that ii• c~tn•tlon of WNP••• roller. fteae faetlttl•• 

vue ••• of wood aad pl,vood ecwH'H wttll al•inua palat to reduce 

41Mulou1 _. ... , 41ue •• aoiltun trn1fer. TIie 1upporte ••r• 

coMtruoted iD 11101' • way cbat tbey prcwtcled WloltetNcted Ylw of each 
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The 1upport• are ahown in Figure 6, while deflection •••ur111g 

dnice 1a illuatrated f.n figure 6g. !he Aainco unit 1a •hon in Pigure 

7, •• it WH ucle ready for the pufol'IU11ce of the bndina te1ta. 

Conatant load waa applied at two point• to avo1d alMtar atrn••• 

at the center portion of the beama where the molature dbtribution 

... to be .... und. Thia loadiq arr ...... nt aln eUainatecl direct 

atr••••• perpendicular to the apa1.1 at of the 

be.... The dbtance between the load application poiata ••• three 

mcua and the load va1 diatributed nenly in aucb a way that half 

of tbe total load •a• acting at each application point 1paced 13-1/2" 

froa the aupporta. Tbe load waa applied on the radial face of the 

be ... • •• •bowra in l'igure 4. Thie loading reaulted in 

larp atr••••• at tbe center portion of the.,. ... w•r• 

the aoiature diatribution ••• to be •••ured. 

ho load lnel• were deaiaa-d, that ta, a light•2.2O5 lb. lnel 

and a heavy-4.410 U,a. lnel. Both of the lnell wen ••lectecl below 

the ela1tic lialta of yellow poplar to enaure that no failure occur 

durf.na the a:pel'illellte. Tlut calculatlona for th4t •election 

of th••• load lnela, their numerical value• and relation to the 

elaatic limit• f.n vet and dry condition• an given in fiaur•• 8 and 9. 

Tbe loadla.g dnlce dealgned aad built, 10 that it would meet 

all the apecifled requir ... nta. ror each nperilleat there vere 18 



rtaur• 6. Shelves and actual 1upporta in detatl1. 

•• Complete aupportiq 1111tt. 

b. Complete 11upportiu1 unit vf.th defleetl• ..a••riaa 
tlnice. 

e, d. Side vieva of complete auppol'ting att. 

•• f. DetaU.• oa the neon of die ,.,,_u. 
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ff.pre 6g. Deflect101l •••uriaa device. 

l - Alie• 4lal Pl• 

2 • Bot-rol ateel plate 

l • lupport level 

4 - lllot 

S - Wa•IMtr 

6 • !readed rod 
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rlpre 7. Mlaeo lllnd•s.t, •--r _. ..... nrtaa lte11&H.a1 -,.nant. 
•• ~1all11' witb hll lea4. 

b. -...r With partial lON. 
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Wipn •• Aattq fon•• ncl •••t.ttoa1 •1'laa tile -,.dMllu. 
f, ,, aatt.aa foreff 

r 1', r2', r 1 • r2 reacttoa fore•• 

·•• ·• t IID ... Na4tq ltl'H8N 

Hm• H11 ' axtma borf..zontal 1hear atru•••• 

(pd.1111 1tnd1 for hen, load level. whit• eo Pl'illl for 
11pt load level.) 
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ftpr• 9. 1oaltioa of 1-4 leHll la tu elaetu r••• 

•• ..,..lu of l1a1tiett1 ta •rr coadlti• <,.1.t.) 

11 .,_lu of lla1tlcit1 ill an• cOlldlti• c, .•. t.) 

I leadiaa 1tr••• (p.a.t.) 

f Vaf.t atratn (t.a./ill.) 

N.G. coat•t (I) 

* lour•• of data •ooc1 la41Ntok (38). 
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be ... under load at each load lnel. three of the•• .,. ... were 

reaovecl for eacb take-out for aoieture dietribution ••terainltioaa. 

The poaition of loadiag ad the a:U.111 force• are •l•o Ulutratec:I 

f.11 rtaur• 8. 'fh• loadtna ayatem and devicff wr• •••atully the ane 

for all the four experl•ata an4 they are abown i11 chttaU, ill rtaur• 
10. 

5/ Dlflest&cm NeyuNffig 

For the deflectioa •••urftlellta "-• dial a•P• with an accuracy 

of 0.001" were ueed in each experiment. Gagea were uaed with aix be ... 

at each load lnel. At each take out for each load lnel tbne be-

were fftlO'Md fr011 the chamber. ror one of tb.ue beau the rutdual 

deflection waa Since thi• information wu of 

aecoadary nature, the cleflectioa of the otlMr two be•• 

vaa not obaerved. 

line• the top abelf lffel of the •upportiraa unit 4:ld not have 

•Y apace for deflection •••ud.ng aOINt of the control 

N ... were placed on it I while b4t•• with 1101111t..t PIN were placed 

on the lower three •belf lnela. 6 an4 7). 

Gag•• and loading clrd.cff were prepared ahead of ti• and 

teated prior to eaca apedaent, to their proper conti.lluoua 

working conclltion. Tiley were identified vith auabel'a for the con• 

venteace of recording creep 



flau• 10. J.o••taa ...,, ••. 
1 lea4 allob 

l nltlter 

, --
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4 lea4 block or eoa&aiur fUlefl vltll lu• 1llot1 

5 copper wire 

6 ateel pipe 

7 ltffl pipe 

8 ru'bber cov•r apwt atre•• coaceatratioll 

9 apot-velcH.aa 

10 •craw 

11 •hield cup 

12 dial gage 
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Average def,.ction was measured on center of eteel pipe connffted 

to the application pointa as shown in rtgure 10. Initial cre•p 

deflection readings were taken at the ~ginning of the npttri•nt 

(t•o) on each loaded beam. Then, measur•ments were taken at in• 

creasing time intenalt a1 the experiment proce4klad. In tbe ftnt 

24 hours, deflections were recorded frequently, ti.nee aoet of th• 

total deflection occurred during this period. While taking the•• 

readings,adequacy of the teat 4ata to coutnct amooth creep-time 

eunea va• kept in mind. 

The deflection 1Naturina device and ita location in tbe •upportf.111 

•1•t•• 1• 1hown ia figure• 6 and 6g, while the loaded bwd.dity cbalaber 

vltb be•• ta illuatrated in Figure 7. The later figure alao ahawa 

how the ka111 were loadAtd and how their deflectioa Vff mea1ur•d 

cl uring the experi.Mnt. 

6/ Datemtaation qf Noiatun Dlatrtbutl19 

The uia purpoae of thia tnveatigation vaa to detel'llline the 

moisture at the center portion of the beau under 

ta:lntd loading in aoieture traufer conclitiona. To achieve tlua, 

the center l" to 1 .. 1/4" portion of the beams were apU.t throuah four 

hor1&00tal planes into five approximately nen with the 

dimen1iou of 1/10" x 3/8" (l" to l•l/4 .. ). The average oven•dry 

ntaht of auch • ••ctt.on ••• approximately one balf ar••• 
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There vere tvo aoiature tranafer.• cond1t1oa11 Adaorptloa •• 

... orptlc:tn, vitll. ••ch of tu. repn1nted by two w.,.adent aperf,• 

... t, of 10-uy 4uratloa. 

Dllri.111 the auorptioa aperlullta be ... vere iaereulq their 

aoutun ea11te11t1 froa approslllately 61 to 141, UQqr tu foll•f.111 

eUllbes ••ttiaa• • •ry•bulb teaperature 10° r, Vtt•bllllt ~r•tu• 

79° r •114 relatift bualdltJ 9ft. Du.rtq the dfforptioa aper:lallDta, 

beau' wre cl•r•••iD.1 their aoilttare coeteat• froa approalutely 241 

to 611111dn tu follo1d.a1 cbaahr 1et,..._1 41'1-1»111111 ta,erature 

10° 1'1 vet•bullt uaperattar• 60° r aa4 relative bualdity 191. 

'file illltlal aoutun cmitent of the teat •c.d.al deals•• ••• 

obtalaed by precaadlt1onllla tile Nau for 4 to 5 day1 uader oae of 

the eoaclltlou 1peclfle4 abow •. !be iaitlal aad f1ul aoucue 

coa1eat1 of tb• fc,gr aperimlltl wre dlffereat 1-c•••• of• 111pt 

,nc•41t1on.1111 error. 

At tbe bealmllag of each experlaellt, three i.e ... ven 1-,lN 

for initial aolature diatrilHatS.oa. '?bell, tlar•• beau at eacll of 

thrH loacl lnela wen taken out of tile huaidity cba•r at ef.x 

41fterent t1M illt•n•l• to deteraine trau1'1.oaal aa,J,/or H.ul 

aotatun diatrlbutiou. 

for the deteaaillatioa of aouture dlatrtbuUon ·the follawf.q 

pcNNuse-. uae• '-laa all ffMII' .,.rtaeau. 11- wen r--•• 

!•• tile luaaUit., ·--· .... ,~,--11, alMI &11111' ..... s 

pol'tlaa ... cu.t •t vlcll a luuaa•• (rlpre 4). !Ml• -11 1111.oou 
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(3/8" x 1/2" x 1" to 1-1/li") were split :tuto five aec.tf.ona with a 

epecial •ingle blade lever~action cutting device (Figure Sc,f). Aa 

soon as the fiv• sectioas were cut, they were placed into premarked 

plastic containers (Figure 11). the plaat1c containers were 1d•tlf1e4 

according to the position of sections aad the load lnela that wre 

acting on the beams. (Figure 4) • '.this w.aa n•ce&1ai·y to 

recording errf'.)ra. The u•e of tbaae plastic: cootainere vaa ehown durtaa 

the preliminary atudies to improve precition in lllOiature content 

determinationa. Prior to their uae, the coataiura were cb:t.ecl under 

105° C for one hour and were allowed to cool ill a deatccator for 

approxiutely the,._ period of time. 

u aooa •• the aectiona were placed on the appropriate contalraen, 

they ware cloaed tight ud the duiecator wu cloaed. For coovealeaee, 

three de1iccator1 were uaed for the 45 container• at •ach tau out 

(rlpre 11). 

Velq an AJ.uvortb aulytie balaace, u ahowa 1n rtaur• 5a, the 

11et wet weight• of aeetiona wre uteraineci ua1ng the follavin1 

method: 

H.W.,, • G.W.• - C.W.1 
Where: N.w •• • net vet weight of 1ectlon (p) 

G.V. • groaa wet weiaht of aectioa and contaia•r (pt) 
1f 

c.w.1 • 1_.diate container ••i1bt (p) 



llpn 11. U•tf.f1cattoa of all eoataillen. 

C control 

t U.pt load level 

ft heavy load level 

(firat ao. replieatloll 1 aecOAd no. aeetf.oa) 



HEAVY LOAD ( 4.410 I b!>.) nmnmnm L11.0 L1ili 
I\) I\) - -DID [fil)::c arn::c 
,!, ! ! 

om::c ·arn::c 1\)1\) ....... 

I I I I w !,I 1,,1 !,I 

cm OID::c om::c I\) "' - -I I I I 
.t,,. .t,,. :,.. .t,,. 

"' I\) .... -cm am::c [fil)::c 
I I I I 

(JI (JI l1I (JI 

LIGHT LOAD ( 2.205 lb~.) 

"' "' I I uID (]I)r amr !:: 
l!. ---

[fil) OOr arnr r "' "' _. 
I I I I 
"' "' "' I\) 

[fil) OOr am--r "' I\) -

I I - J I 
!,I !,I - !,I 

a[) (]ff)r am--r "' "' ... 1 1 I I 
.t,,. .t,,. ,b, 

aID [fil)r OIDr "' "' - ..... I I I I 
(JI (JI (JI (JI 

CONTROL ( no load) 

"' I\) ... om arnn Cill]n 
.!.. l .!.. .!.. 

CID arnn 
"' "' • I I 
I\) I\) 

Omn 
T T 
I\) I\) 

(][) amn Gilln I\) I\) - -
I I , ~. I 

!,I 1,1 • - !,I 

(]IT) ornn Oilln I\) I\) - -
I I I I 

.t,,. JI,. JI,. .t,,. 

00 OIDn GIDn f\J IV _. .-
1 I I J, 

(JI (JI (JI 

• V1 w 
I 



After all the net wet weights had bea obtainad for a particular 

take out, the aectiona were dried in open c011tainera in an ova at 
0 105 C temperature for 20 to 24 hour•. (figure Se). At tbe &d of 

the drying ~riod the aectiona in clo,ecl cootainer• wre placed back 

into c:lfficcatora and were allawecl to cool for oa.e hour. Then. their 

net 4ry were detel'llinecl by ueiag the analytical balance in 

the following ways 

1.v.4 - o.w.4 - c.w.1 

Where I If .W. d • net dry weight of eection (p) 

c.w., • aro•• dry weigbt of and container (p) 

c.v . 1 • uaediate container weiaht (pa) 

lnowlng the net wet and dry weight• of the aecttoaa, the po11-

tf.ona1 aoieture c011teata of the bea• wre calculated and recorde4. 

!he overall method of calculation eaa be aU11Mri&e4 •• follow• 1 

x.c., (t.) - (G.v .• 2, - c.w.f> - (o.v.,2 - c.v.11> 100 
(c. ·•, - c.v.1,S 

Where: IC.P (t.) • poaitiOII aolature c011tnt in percent 

During hod Una of tbe aecU.•• and be••, rubber glove• wre 

uaed to eltaf.ute any 110i1ture trmafer throuah dinct contact with 

f tagera ~lgure Sf). 

the teat proee4ure ff•ntially the aaae for all take out• 

with all load lnela in all four experillenta incluclina initial 110iatun 

411tributioa cletehlillation. 
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IIIULfl AD IDCUIIIClll 

!lie a,erf.lleatal uta co11Hte4 la tldl tn••tlpttoa are pre-

••t .. la talNlatN fo111. hetttoul aoucure coaceat ata for tlae 

four 111..,..._t a,.r1Mat1 wttla r•s•rd to duratf.oa of load ad load 

lnel an at.•• la !altlei 5 ... 6. Creep ufleetf.• ..... r ... ta u 
relatetl to lou •rattoa for tlut ffl'iou load lftele are at•• ta 
table; 7 _. I. 

11 imle• 01 IM!DIIISI\ l!Y «01 tne!nu 

ltatiatleal aul1ff• wn •n for ftal•tioa of tbe te1t daca. 

ltae• there ••r• t.wo ... orptloll •act two •••orptl.oa npertanu ia tu 

SM•C.lptioa• lt oeounttd tut tM two -,ertanta ta e1eb aot1tu.re 

tr ... fer •••tctoa 1ae reprd" .. re,ltcat••• 

fte rualu of th• aulya•• of ••rtn•• ladleatff tbat tile al>cwe 

llypodle•lt •• not appropriate of larp 4f.ff•~ncff la eitlwr 

initial aa4 fiaal aot•t•r• eoetftt of the 1peeiaen1 for the f.a4lY1 ... 1 

Taltle 9 1tw1 the detail" renlta of dMt nal,-e• of 

••rt•••• On tlle 1Nt1f.s of enal,-e• it le nidnt: tut the 

wen 1lplH.oaatl1 dlff•r•t from •••h other. Teat 

epeclaeu la tlae two adaorptloa had cllff•r•t ff.Dal 
' eoateat, wlaf.1• tlae •pe•illn• ill the ... oqtt.oa npeduata 

11a• 4lffan11t t.Ditlal 110utun eonteat. 1'111lerlealty tlMt differeace 

for tlw •orptton n.perillent• ••• approxlMtely 5 to 61 aact fOT 
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table 5. Diatribution of moisture content in the two ad1orptloa 
experuaeau .. 



ADSORPl'ION EXPERIMENT NO. I 
Tak• Cor.trols (No Load) Loaded 12.205 lbs. l I Loaded 14.410 I bs.) 
,iut SPction Reolicate No. 
No. No. I 2 ) I 2 ) I 2 ) 

0 1 6.51 6.60 6.48 - - - - - -
2 6.57 6.75 6.13 - - - - - -
3 6.95 6.51 6.79 - - - - - -
4 6.57 6.75 6.13 - - - - - -
5 6.51 6.60 6.48 - - - - - -

1 1 12.50 13.38 13.04 12.48 13.26 11.80 11.99 12.44 11. 72 
2 10.03 10.44 10.28 9.87 9.83 10.04 9.50 10.07 9.45 
3 9.79 10.41 9.65 10.02 9.42 10.28 9.42 9.77 9.23 
4 10.03 10.44 10.28 10.19 9.93 10.17 9.54 10.01 9.14 
5 12.50 13.38 13.04 13.30 13.50 12.95 13.12 13.16 11.65 

2 l 17 .32 17 .06 17 .20 17.19 17.12 18.89 17.25 17. 99 17 .40 
2 16.57 15.40 15.91 16.46 16.22 17 .59 16.20 17 .16 16.13 
3 15.88 15.06 15.17 15.80 16.01 16.57 15.81 16.01 14.92 
4 16.57 15.40 15.91 16.04 15.67 17.52 16.63 16.22 16.16 
5 17 .32 17.06 17.20 17.53 17.94 19.03 18.55 17.98 17.63 

3 1 22.03 21.48 22.57 21.41 20.97 21.83 22.06 21.25 20.96 
2 22.05 21.36 21.49 20.61 21. 36 22.78 20.97 21.00 21.48 
3 21.86 21.37 21.86 20.76 20.99 22.64 20.22 20. 73 20.94 
4 22.05 21.36 21.49 21.05 20.94 23.00 20.74 21.56 21.62 
5 22.03 21.48 22.57 21.32 21.08 22.60 21.39 22.09 22.09 

4 1 22.00 21.94 22.02 21. 93 21.16 22.39 22.04 22.48 21.93 
2 22.15 22.07 22.48 22.88 22.07 23.15 22.64 22.41 22.94 
3 22.10 21. 78 22.36 22.23 21.99 23.03 22.73 22.39 21.50 
4 22.15 22.07 22.48 22.48 21.80 23.21 22.28 23.24 22.46 
5 22.00 21.94 22.02 22.65 21.86 22.64 23.03 23.08 21.51 

s l 22.21 22.23 21.74 21.91 20. 72 21.62 22.55 21.28 22.38 
2 22. 77 22.75 22.49 21.80 22.47 22.68 22.74 22.44 23.69 
3 23.03 23.31 22.37 21. 79 22.76 22.84 22.42 22.85 23.39 
4 22.77 22.75 22.49 22.38 21.62 23.13 22.39 23. 77 23.86 
s 22.21 22.23 21.74 22.10 22.49 22.35 22.36 23.41 23.20 

6 1 22.22 22.65 22.47 20.84 21.66 22.11 22.18 22.01 21.37 
2 22.69 22.53 23.20 22.83 22.64 22.76 22.59 24.89 22.99 
3 23.00 23.13 23.22 22.24 22.96 22.68 22.23 22.34 22.51 
4 22.69 22.53 23.20 22.49 22.55 23.09 22.03 23.54 23.21 
5 22.22 22.65 22.47 21. 79 22.55 21.64 22.08 22.87 22.56 

LPgend: Take Out No. Duration From Start 
To Take Out 

0 0 
1 3 
2 20 
3 59 
4 89 
5 138 
6 252 

ADSORPTION EXPERIMENT NO 2 
Controls /No Load) Loaded 12.205 lbs.) Loaded (4.410 

ReplicatP No. 
I 2 ) I 2 3 I L 

6.17 6.34 6.26 - - - - -
6.30 6.11 6.06 - - - - -
6.53 6.34 6.36 - - - - -
6.30 6.11 6.06 - - - - -
6.17 .6.34 6.26 -~ - .. - - -

11.47 11.85 1.1;u n;66 12.21 13.63 12.67 12.24 
9.48 9.52 10.31 9.63 10.02 11.25 10.15 9.88 
9.47 9.02 9.71 9.57 9.40 10.77 10.16 9.39 
9.48 9.52 10.31 9.65 9.86 11.52 9.94 10.23 

11.47 11.85 11. 72 12.64 12.56 14.79 12.61 13.94 
16.98 16.36 16.18 17 .04 15.69 18.98 18.45 17 .72 
15.99 15.55 14.96 15.78 15.65 18.04 16.96 16.51 
15.70 15 .13 14.05 14.72 14.42 16.93 16.27 16.17 
15.99 15.55 14.96 15.82 14.81 17.32 16.48 17.16 
16.98 16.36 16.18 17.47 16.75 19.19 18.92 18.48 
20. 72 21.39 20.85 19.03 19.26 21.00 20.98 20.18 
20.81 21. 25 21.14 20.26 19.41 21.65 20.72 20.21 
20.53 21.52 20.51 19.94 19.12 21.58 20.29 20.08 
20.81 21.25 21.14 20.02 19.35 21.92 19.78 20.39 
20. 72 21.39 20.85 20.64 20.43 21.71 21.13 20. 74 
23.33 23.60 23.78 23.06 22.22 24.29 23.33 23.15 
23.25 23.60 23.89 22.62 23.23 24.99 23.13 23.73 
23.09 23.79 23.17 23.04 23.50 24.79 23.90 24.45 
23.25 23.60 23.89 22.70 23.53 24.74 23.90 24.26 
23.33 23.60 23.78 23.72 23.41 24.61 24.45 24.78 
23.92 23.82 23.11 23.58 23.35 22.22 22.81 22.70 
25.12 24.55 23.53 24.44 23.80 24.29 24.01 23.35 
25.19 24.38 23.42 24.49 23.90 24.01 23.94 23.73 
25.12 24.55 23.53 23.62 24.62 24.36 24.36 24.37 
23.92 23.82 23.11 23.86 23.69 23.64 23.38 23.58 
24.38 25.02 24.92 23.61 24.07 22.67 24.25 21.95 
25.30 25.26 24.97 24.47 25.49 24.07 25.17 23.22 
24.94 25.32 25.tl 24.24 25.43 24.68 24.91 23.64 
25.30 25.26 24.97 24.79 26.25 24.12 24.74 24.64 
24.38 25.02 24.92 24.92 25.58 23.27 24.60 23.55 

Legend: Take Out No. Duration From Start 
To Take Out {Hrs.2 

0 0 
1 4 
2 19 
3 48 
4 72 
5 136 
6 249 

lbs.) 

3 

-----
12.21 
9.90 
9.03 
9.88 

12.22 
17 .08 
15.91 
14.93 
15.76 
17 .16 
21.04 
20.57 
19.82 
20.33 
21.53 
23.73 
23.81 
22.93 
23.97 
24.28 
21.99 
23.75 
24.04 
24.11 
23.26 
22.64 
24.49 
24.31 
25.30 
24.40 

V1 

.. 
C 
!: 
C 
0 u .. .. 
:, .. 
! 
0 ::c 

I 
VI 

" I 



table 6. Diatribution of aoi1ture content in tbe two de1orption 
nperillents. 
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I DESORPTION EXPERIMENT NO. l DESORPTION EXPERIMENT NO. 2 
Take Controls (No Load) ! Loaded <2.205 lbs.) Loaded 4.410 lbs.) Controls <No Load) I Loaded (2.205 lbs.) Loaded (4.410 
()ut Section Renlicate No. Replicate No. 
:-.o. No. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

0 1 16.90 18.04 18.81 . . . . . . 21.56 21.81 22.41 . . . . . . 
I 2 16.96 18.24 18.25 . . . . - - 21.52 22.30 22.44 . . . . . . 

3 17.16 13.56 18.58 . . . . . . 22.49 22.40 21.95 . . . - . . 
I 4 16.96 18.24 18.25 . . . . . . 21.52 22.30 22.44 . .. . . . . 

5 16.90 18.04 18.81 . . . . . - 21.56 21.81 22.41 . . . . . . 
1 ! l 8.96 9.04 8.88 10.21 9.82 9.55 10.15 9 .17 7.94 11.27 10.60 11.30 11.90 11.48 10.65 11.80 10.26 10.64 

I 2 10.00 8.98 10.22 11.69 10.99 11.93 11.41 11.25 10.00 13.95 12.58 13.41 15.06 14.49 14.76 14.26 12.83 13.98 

I 3 9.83 • 9.94 9.70 12.13 11.91 11.98 11.75 11.32 10.01 14.08 13.31 13.83 15.90 14.80 15.38 15.22 13.65 14.22 
4 10.00 9.98 10.22 12.17 11.85 11.91 11.65 11. 78 11. 16 13.95 12.58 13.41 15.49 14.51 15.09 14.48 12.94 14.36 
5 8.96 9.02 8.88 10.34 10.26 10. 32 10.21 10.13 9.67 11.27 10.60 11.30 12.18 12.10 11.61 11.67 11.10 11.79 

2 I l 7.61 7.48 7.38 7 .09 6.59 6.70 5.21 6.82 7.34 7.93 8.22 7.78 7.66 7.27 7.80 7. 71 7.61 8.04 
I 2 7.83 7.85 8.09 7.93 7.30 6.85 7.74 7.70 8.05 9.00 9.13 8.77 8.34 8.57 9.19 9.05 8.75 9.47 

I 3 8.16 8.35 7.78 7.64 8.25 8.48 8.08 8.31 8.94 9.27 9.38 9.01 8.64 9.09 9.04 9.88 8.45 9.38 
4 7.83 7.85 8.09 7.56 8.17 8.32 7.91 8.52 8.27 9.00 9.13 8. 77 8.36 8.93 9.00 9.29 8.60 9.09 
5 7.61 7 .48 7.38 7.14 7. 37 6.55 5.59 7.34 7 .40 7.93 8.22 7.78 8.15 7.89 8.26 8.17 8.02 8.18 

I 
3 I 1 6.13 5.92 6.75 6.25 7 .02 6.47 5.98 6.14 5.98 6.69 7.04 6.95 6.55 6.26 6.80 6.58 6.96 6.69 

2 6.63 6.72 6.44 7.23 7.43 7.47 7.09 6.24 7.45 7.27 6.99 7.4& 7.46 7 .47 6.88 7.24 7.68 7.32 

I 3 6.62 6.75 6.98 7.28 7.31 7.26 7.07 7 .11 6.58 &.85 7.44 7.25 7.69 7 .11 7.67 7 .72 7.85 7.45 8 4 6.63 6. 72 6.441 7.19 6.57 7.28 7 .13 7.10 6.86 7.27 6.99 7.46 7.48 7.15 7.68 7.61 7.80 7.37 
I 5 6.13 5.92 6. 75 7 .44 7.00 7.43 7 .09 6.48 6.96 6.69 7.04 6.95 7.21 7.32 7.16 6.75 7 .11 7.03 .. 

C: 
I 6.36 I 4 l " 6.22 6.17 6.54 6.27 6.27 6.48 6.59 5.91 6.92 7.09 7.22 6.67 6.58 7 .06 5. 77 6.33 6.50 • 
! I .. 

2 6.60 6.45 6.601 6. 72 6.52 6.78 7.01 6.22 6.53 7.16 7 .09 7.25 7.27 6.74 7.00 6.29 6.68 7.00 C: 
I • 0 
I 3 6. 72 7 .04 6. 70 6.96 6.60 7.03 6.55 6.17 6.74 7.22 6.89 7.39 7.76 7.00 8.37 6.15 6.89 6.88 u 

I 4 6.60 6.45 6.60, 6.74 6.21 6.55 6.67 6.41 6.84 7.16 7.09 7.25 7 .11 7.07 7.22 6.40 7.65 6.66 • .. 
5 6.22 6.17 6. 361 7.11 6.51 6.96 6.72 6.60 7 .34 6.92 7 .09 7.22 6.80 6.66 7.08 6.82 7 .14 6.86 :I .. 

5 i 1 5.95 5.36 6.10 6.20 6.54 6.52 5.23 6.60 5.81 6.47 6.53 6.35 6.32 6.48 6.37 6.57 6.37 6.42 • ... 
I 2 ., 6.22 6.21 6.12 6.50 6.56 6.40 6.52 6.98 5.17 6.51 6.50 6.44 6.45 6.40 6.58 6.43 6.04 6.79 

I 3 6.51 6.12 6.16 6.30 6.99 6.26 5.08 6.45 6.54 6.70 6.73 6.37 6.52 6.86 6.57 6.60 6.35 6.42 
4 ,I 6.22 6.21 6.12 6.51 6.72 6.17 6.45 5.20 6.52 6.51 6.50 6.44 6.40 6.59 6.51 6.31 6.75 6.30 

I 
I 5 :' 5.95 5.36 6.10 6.74 6.54 8.80 6.68 6.94 6.19 6.47 5.53 6.35 6.51 6.63 6.54 6.57 6.37 6.52 

I 6 I l 
Ii 

6.04 6.00 6.58 6.34 6.96 6.50 5.66 6.68 6.07 6.55 6.66 6.21 5. 77 5.90 5.96 6.27 6.50 6.02 
I 2 6.49 5.98 6.43 6. 78 6.62 6.61 6.40 6.96 6. 94 6.17 6.09 6.24 6.53 6.15 6.50 6.14 6.28 6.37 
I 

I I 3 

Ii 
6.18 6.35 6.85 6.89 7.22 7 .06 6.39 6.67 6.60 6.31 6.59 6.61 6.34 6.27 6.45 6.16 6.05 6.11 

I 4 6.49 5.98 6.43 6.72 6.92 7 .07 6.57 7.50 6.79 6.17 6.09 6.24 6.45 6.35 6.28 6.04 6.07 6.35 
I 5 6.04 6.00 6.58 6:74 7.15 6.74 6.60 6.81 6.78 6.55 6.66 6.21 6.68 6.32 5.99 6.34 6.62 6.12 

Take Out No. Duration From Start Take Out No. Duration From Start LPgPnd: To Take Out (Hra.) LpgPnd: To Tak<' Out (Hra.) 
0 0 0 0 
l 4 l 4 2 21 2 20 3 48 3 43 4 80 
5 153 4 71 

j 5 159 6 223 6 244 
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Table 7. Creep deflection ill the two ad1or,tion experiment,. 



-
ADSORPrION EXPERIMENT NO. 1 ADSORPr ION EXPERI '1ENT NO. 2 

Tak• Gau No. Tab Gaoe No. 
Out Duration 1 2 3 4 5 6 7 8 9 10 11 12 Out Duration 1 2 3 4 5 6 7 8 9 10 11 12 
No. Hours Deflection <l/1000 ln.) No. Hours Deflectlon (1/1000 ln.) 

0 169 327 169 327 169 327 169 327 169 327 169 327 0 166 324 166 324 166 324 166 324 166 324 166 324 I I 171 364 174 387 200 420 210 423 215 425 212 398 l 201 400 241 450 223 420 238 433 226 415 228 428 
2 202 405 199 410 213 448 237 452 244 483 227 434 3 201 429 272 486 245 448 270 464 252 445 247 458 

l 3 211 418 216 423 226 469 258 469 267 521 241 455 l 4 202 442 278 502 252 460 274 476 261 457 254 470 
4 222 429 243 477 271 480 280 540 249 465 5 288 515 257 468 278 483 267 470 258 479 
5 231 432 243 491 280 490 294 562 257 478 6 292 530 262 479 278 493 270 479 263 487 
6 239 438 277 503 287 499 302 581 264 490 7 295 546 267 492 278 506 278 490 269 497 
7 I 252 447 277 514 293 510 313 597 271 501 8 298 557 270 498 279 513 281 498 275 503 
8 255 454 295 520 301 514 316 600 273 507 15 312 620 284 548 295 578 305 538 300 544 

15 279 497 319 576 331 559 323 690 296 560 17 314 632 285 557 297 590 309 543 303 550 
18 279 505 319 590 337 567 323 711 296 568 2 19 315 645 286 568 298 601 315 552 306 557 

2 20 284 511 319 598 341 574 323 724 296 578 22 287 581 307 611 322 559 310 567 

! 23 319 602 341 579 384 743 322 593 25 287 594 309 624 329 568 316 574 
24 319 604 348 579 384 743 322 593 27 287 601 313 631 329 574 318 579 I 

I 42 319 626 348 586 384 787 328 619 37 287 626 317 658 330 594 320 594 
47 319 626 348 586 384 791 328 619 41 287 628 318 661 331 595 320 594 

I 48 319 626 349 586 384 791 328 619 45 287 629 319 662 331 595 320 595 ' 3 59 319 626 349 586 384 799 329 619 3 48 287 629 319 662 335 600 320 595 
I 65 349 586 405 802 333 625 50 , 319 662 335 600 320 595 
i 71 349 586 405 803 333 625 52 319 662 335 600 320 598 

I 73 349 589 413 804 335 625 53 319 662 335 600 320 599 

l 83 I 353 589 413 804 335 625 65 319 662 335 600 320 600 
4 89 . 353 589 413 804 335 625 67 319 662 335 600 320 600 

i 95 I 413 804 335 625 68 I 319 662 335 600 320 600 
I 

I 97 i 413 804 335 625 71 ! 319 662 335 600 320 602 
I 111 I 413 804 335 625 4 72 319 662 335 600 320 602 
! 120 i 415 804 335 625 75 1 342 605 320 609 
I 134 I 415 804 335 625 76 342 607 323 614 

5 I 138 415 804 335 625 85 349 660 332 622 

I 165 ! 335 625 88 i 364 675 340 633 : 

167 336 625 90 I 377 684 353 647 
I 168 336 634 93 382 692 361 658 ; 

179 343 640 96 392 713 372 672 
186 343 640 99 411 735 390 685 ; 
189 343 

640 I 101 414 742 398 693 : 
214 343 640 109 434 771 404 102 I 
238 343 640 116 434 771 405 711 I 

6 252 343 640 I 126 434 771 405 717 
Total: 211 418 284 511 319 626 353 589 415 804 343 640 I 5 136 434 771 417 719 

144 421 722 
147 424 743 

Luand: Odd No. gagH on light loaded beam• 156 425 781 
Evan No. on heavy loaded beam•. 164 425 808 

166 428 
8151 167 430 819 

184 433 826 
208 435 842 I 
232 435 159 : 
241 435 867 I 

Iii 249 435 867 
Total• 202 442 315 645 287 629 319 662 434 771 435 867 
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Table 8. Creep deflection in the two deaorption aperiaentt. 



DESORPT IOS EXPERIMENT NO I D!SORPTION EXPER™1:~ SO 2 
Tou Ca2e No. T•ke Ca11e No 
Out Duration I 2 ) 4 5 6 7 8 9 10 II 12 Out Duration I 2 ) 4 5 6 7 8 9 10 II 12 
No. Hours Deflectlon (1/1000 in.) No. Hours Defh•ctlon (0.001 ln.) 

0 171 )41 171 )41 171 )41 171 )41 171 )41 171 )41 0 164 )48 164 )48 164 )48 164 348 164 )43 164 )48 
I 171 429 2)) 4)8 173 425 188 )8) 196 448 189 456 I 166 448 186 511 219 432 167 526 206 S06 207 44) 

2 205 441 242 453 201 4)9 208 40) 205 462 201 461 2 247 494 227 570 279 - 207 547 252 558 251 5l3 
] 222 451 250 465 2ll 449 218 42) 210 472 211 481 ) 278 522 247 611 )O'l 602 225 598 270 582 272 55) 

1 4 219 462 261 479 224 460 2ll 4)4 217 486 224 49) I 4 297 515 257 624 llO 638 2]3 613 279 598 280 567 
6 281 488 257 468 231 442 2]3 494 236 502 5 267 637 )51 668 24] 620 281 605 292 583 
7 285 496 257 474 235 449 237 50] 240 509 6 27] 645 ]6] 685 24) 639 294 619 298 592 
I 288 501 257 477 238 455 238 508 241 513 7 279 654 ]71 697 251 649 299 629 303 598 

16 ]09 531 277 505 260 483 25] Sl8 272 541 16 ]12 703 421 775 271 706 )34 683 - 341 648 
18 ]12 536 277 510 266 488 253 542 275 S50 17 llS 701 423 781 282 712-- )36 684 343 652 

2 21 317 543 281 517 272 496 253 549 278 556 19 311 711 425 788 - 282 720 341 691 ]41 658 
25 296 522 278 504 268 554 285 564 2 20 121 715 427 795 283 726 344 698 352 662 
JO 300 530 287 513 277 562 290 573 21 44] 796 213 729 346 698 353 664 
]3 JOJ 515 291 518 278 566 295 578 23 456 -291 7]8 ]49 700 354 672 
43 JOI 546 301 531 284 577 305 589 I 26 464 117 290 746 353 718 359 678 

l 48 JI] 549 304 534 289 579 307 593 I 27 467 120 293 749 ]55 719 )62 680 
52 ]09 539 295 582 312 598 JO 47] 828 297 755 )59 721 366 686 
54 310 541 295 S82 )13 599 )8 487 846 311 771 )67 7]7 376 689 
64 317 547 JOO 593 318 606 41 491 851 ]14 776 171 742 379 693 
70 • 321 551 304 595 321 610 ) 4) 494 854 ]17 779 ]72 745 382 697 
75 324 554 306 596 324 613 46 321 780 ]74 746 )8] 700 

4 80 326 556 307 596 325 616 51 ]26 786 371 743 386 705 
as 314 601 331 620 52 ]27 787 ]79 749 387 706 

i 94 ]14 601 lll 621 

I 
62 ]34 797 316 762 )94 714 

I IOI ]15 601 3]2 625 6] ]]5 797 ]87 763 394 715 
I 117 lll 601 ]34 6)0 61 ]38 802 390 766 398 718 
I 122 ]20 616 334 631 4 71 )40 804 )91 768 399 720 ! 140 I 322 616 340 637 ! 74 ]91 7'8 407 739 
' 149 ]2] 616 ]4] 638 76 i Jtl 761 408 74] 

5 i 153 324 616 344 639 78 I 392 770 409 745 

I 170 )44 640 i 89 393 776 414 767 
174 )45 641 I 92 ]93 777 4lS 769 

l 185 146 644 I 10) Jtl 780 420 774 

i 193 ]46 644. 112 ]91 781 42] 777 

I 196 ]46 644 116 40S 711 424 771 
201 349 646 I 123 407 711 426 712 
214 )49 648 124 -792 427 784 

I 
222 150 649 I 134 -795 429 715 I 

6 223 )51 649 I 1]7 -796 432 786 
i I 141 -796 432 787 
I ; 145 411 1'1 43] 711 

LHond: Odd No. Ca~e• on light loaded beains. I 5 i 159 41! 797 434 791 
! 162 I 434 792 hrn No. C.ages on h.-avy loaded b<-ama. 

I 
I 166 , 435 793 i 167 436 794 i 161 436 794 

I I 172 436 795 

I I 
112 431 796 
115 . 431 797 

I I 117 439 797 
I 119 439 791 

I 191 439 791 
192 439 791 

I 201 441 IOO 
20'1 441 801 
211 442 IOI 
213 442 802 
211 443 802 
220 443 804 
ZZl 443 -224 443 -2]2 464 -Zl7 464 805 
24] 464 --- ________ L.J - _J.4\ u ..... 

~--



Table 9. Aul,a•• of vuf.a11ce. 

r - frobabtltty dutrtbution 

a• Bi&bly (af.satficat at 9911e¥•1) 

• • 11p1f1cant (aiplfteant at 90l level) 

•••••lot aipiflcant 



DESORPTION EXPERIMENTS NO. 1 and 2 ADSORPTION EXPERIMENTS NO, 1 and 2 
Source of Degrees of Sums of Hean of 
Variation Freedom Sauares Sauares F S<1uares SnuarPs F 
1 1 69.39481 69.39481 476.875 - 41.88361 41.88361 105.523 ** wm.st: 2 2 11.55164 5.77582 39.691 ** 0.03867 0.01933 0.049 N.S. 
3 5 1868.84209 373.76842 2568.502 ** 11301.91870 2260.38373 5678.928 ** Source of Variation; 
4 4 62.20750 15.55187 106.871 - 47.19033 ll.79758 29.640 ** 1 Experiment 12 2 3.55203 1.77601 12.205 - 0.14470 0.07235 0.182 N.S. (D1, D2 or A1, "2) 13 5 120.49876 24.09975 165.611 - 150.14575 30.02915 75.444 ** 14 4 2.69329 0.67332 4.627 ** 0.66104 0.16526 0,415 N,S. 2 Load Levels 
23 10 26.20850 2.62085 18.010 - 26.10059 2~61006 6.557 ** (control, light, 
24 8 4.49518 0.56190 3.861 ** 7.42621 0.92828 2.332 * heavy) 
34 20 72.67567 3.63378 24.971 ** 201.72363 10.08618 25.340 - 3 Take Outs 
123 10 3.81726 0.38173 2.623 ** 15.42029 1.54203 3.874 ** 4 Position of H.C. 
124 8 1.15101 0.14388 0,989 N.S. 1.16215 0.14527 0.365 N.S. (sections) 
134 20 11.49213 0.57461 3.949 ** 2.81848 0.14092 0.354 N.S. 
234 40 6.84782 0.17120 1.176 N.S. 5.64294 0.14107 0.354 N.S. 
1234 40 3.50806 0.08770 0.603 N.S. 2.83154 0.07079 0.018 N.S. 
Within Renlicates 360 52.38899 0.14552 143.29016 0.39803 
Total 539 2321.32462 11948. 39856 

DESORPTION EXPERIMENT NO. l DESORPTION EXPERIMENT NO. 2 
Source of Degrees of Sums of Hean Sums of Hean 
Variation Freedom Sauares Sauares F Sauares Snuares F 
1 2 13.43314 6.71657 37.833 - 1.67051 0.83525 7.358 ** 
2 s 528.47133 105.69427 595.360 1rlr 1460.86957 292.17391 2573.766 ** 
3 4 22.08621 5.52155 31.102 -- 42.81456 10.70364 94.289 ** 
12 10 17 .57397 1.75740 9,899 1rlr 12 .45177 1.24518 10.969 ** 
13 8 3.46774 0.43347 2.442 * 2.17846 0.27231 2.399 * 
23 20 18.47725 0.92386 5.204 ** 65.69052 3.28453 28.933 ** 
123 40 6.75742 0.16894 0.952 N.S. 3.59979 0.08999 0.793 N.S. 
W1th1n Renlicates 180 31.95571 0.17753 20.43332 O. ll352 
Total 269 642.22276 1609.70847 Legend: 

Source of Variation; 
1 Load Levels 

ADSORPTION EXPERIMENT NO. 1 ADSORPTION EXPERI!'!ENT NO. 2 (control, light, 
heavy) 

Source of Degree of Sums of Hean Suma of Hean 2 Taite Outs 
Vad. ation Freedom Sauares Sauares F Sauares Sauares F 3 Position of H.C. 
1 2 0.01691 0,00846 0.030 N,S. 0.16645 0.08323 0,163 N.S. (sections) 
2 5 4939.34729 987.86945 3459.048 ** 6512.71710 1302.54341 2551.705 ** 
3 4 23.91440 5.97860 20.934 ** 23.93697 5.98424 11.723 ** 
12 10 14.44531 1.44453 5.058 ** 27.07605 2.70760 5.304 ** 
13 8 3. 71706 0.46463 1,627 N.S. 4.87131 0.60891 1.193 N.S. 
23 20 107.81287 5.39064 18.875 ** 96.73022 4.83651 9.475 ** 
123 40 3.01807 0.07545 0,264 N.S. 5.46338 0.13658 0.268 N.S. 
Within Renlicates 180 51.40669 0.28559 91.88358 0.51046 
Total 269 5143.67859 6762.84503 
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ad1orpttcna aperlllnta f.t: wa• approximately 2 to 31. 'flllt difference 

•u-•t•d that all the four aperlmenta abould be ••11••• 1ndlv1411all1 

vttla nprd to •latur• ••tat. 

tllt ant atep prior to-, furtller aul11•• ... to tnt dlff•nac• 

.. tw ... •ill effffta •• ill&enctl .. -. ••ruble. All ... 1,-u of 

Hr...._•••••• for eacla -,.l'iaftt. tablet 1laowl t• detailed 

na•118 of tlae•• ulculaclau. llaey iulute4 tllat laf.ply 11.pificat 

41ffenacea ven fOUIMI f• ,-f.tlaul •latun coa._,, load 1••1 au 
load arat10D. llpiftcaac latenatl.OM wert fGllllld to aut Ntw ... , 

(1) poeitloul ooacnt _. 1oe4 matt•• (l) ,-1.cf.oul 

•S.ture coatat and load lne1, (S) load 14tft1 (en-.. deflectioe) 

... ,-,,1-1 •'8tur• ••-'• •• (4) 1•4 lnel (er-, deflntl•) 

•• 1oac1 aratioa. 

2/ Aulu&J of IPUlleta\ IEDt &a !leUSlfl S&PMM lrMVH 7151 

liac• tlut •la oltJntf.'te of Dia iaffatf.ptiall •• COllffnN 

wtcla •tatrilnatf.oll ill ...._ •- •der eoutaat NIMliq 

load, it••• ...... ..., to ebNk che ••••n•1 of tile ,-lctaal 
•latun ••tat data. llldaa tu aperillllllta IIMt aecuacy of 

poaltiaul •utun ••ceat ••• •••--• a., proper n,u.catteu. tllu 

.... , tllat die nena• ••1•• of Ille tlane repU.eatea •• co ••rt 

1 ... tba ._ la411Y1Ml repltute1 dlellHlY••· lucla ... , .......... . 

N -,laSM• tbe YUial,tlU:y of the fMt•idul weipt 

vllf.ola an w1 ...... of •• .,-.,...cal enon. la tllel• 
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the experiraental error bad three soureea: (1) Brrora due to limta• 

tiont in the accuracy of meaaurementa; (2) erron due to natural 

variability of wood; and (3) error• oriainating from the variability 

of CMttain~r• weights during the period of aeuurement. The firat and 

second aourcea are true experi1Nntal errora. However, variationa 

in container weight bad to be analyzed to avoid groaa error in weigh• 

ing becauae of the large weight of the coctainer1 •• compared to the 

weiabt of the wood ••Pl••• and abo becauae of the expected small 

weight differences that bad to be detected in this atudy. A ahort 

etudy waa 1et up to analyze the variationa in container weight1. !be 

reaulta of this atudy are given in Tabl• lo. 

'fable 10. Variatiou ill Container Weiaht. 

Mean Container Standard Coefficient of 
lsaEl:let 111,as ,Jlll) l!cda t&on ,el ••r&!t&ga '11 
Ad.aor:ptioD 1 7.33181 0.0014.503 0.020 
.ld1or,tf.on % 7.33398 0.0016253 0.022 

Ditaprption 1 7.33183 0.0018367 0.02s 
DNor,tioll 2 7.33225 0.001.5%40 0.021 

line• the coefflcinta of variation were 1ull for the container 

veight1 in each of the four expert111111t1, their abaolute variatioa 

••• ••11 enough to allow the detection of minor 110iature content 

diffenocn due to the differnt strus condition• in the wood. 

Tlwtrefore1 the coaeluaion ean be drawn that the upltude of error 



clue to tbe variability in coatain•r ••t.alat ••• not greater tban the 

true experilltntal Coatequntly, tu follovillg calculatiOlll 

baYe an •per1M11tally aouad baaia. 

3/ Noiatue Diatrtbutiop •• • hllctf.on of Tille 

U11na the five aver•a• value, fort:be poaitional ao1ature c011te•t 

of three replicate beau, moietvre diatributiOD wre c•• 

1tructed for eacla load lnel at eacb take oa.t. Tho•• cunea an 

prHeuted in figure 12 a ud 12 b. The data oa which th••• cunea 

are are given lu Table 5 aad 6. 

The of moiature dietributioa nd data i.adi• 

cated tbat the hialler rate of •lehre co11te11t •llna•• occurred ta. 
the outer aectiou of tlae ••• Tilt. pbeaoaHOll could N nplalaed 

by tbe differncea betweea yapor preaaure ta tlMt cllaabtr and that of 

tlle aoiatun ill the teat apee1Ma. lbtt cbaaa• la aolatur• aracluau 

, .. tcat•cl • •••••u1 vitla tille, vh1ot& I.a wltll 

dtffuloa of aoiature ill voocl. Ia flexed voocl, aot11U1"e clut1apl 

ver• 1lwer tbaa ia aoa-flaed wood 1Ncaua• 41ffereac rate• of 

aoiature dtff111loa •• a re1ult of tile appU.catioa of IIHMalcal 

•tr••••• 1a accol"daace vith larllaa (5). Tbere appearecl to be • 

ellptly aa,--trie aolature d11tri1Naloe ill t1Mt bu1l8 u 

abon ill Figure 12 • •• 12 b. Ia ocber vorda, che acttaa ~•••l•• 

aad teuile affected tba ,oelt1oul aof.at:ure eOlltnu to 

differnt atttata. 'fll• Milture coatftt 1n wood 1111der •••loo ••• 



Pt.gun 12 a• 12 b. AYer•a• aof.ature dbtd.butloa 1n beau at initial 
,tap and at the •ix couecuti'fe take ouu. 

A1 • Acltorpt:l.on flr1t nperiaent 

- Aaorptioa aecond nperiMllt 

D1 • Deeorption firet experilleat 

»2 • D11orption 1eeoad expert-t 

A 

B 

C 

D 

I 
, 
G • 

• AYeraga aol1ture diatrtbutlon at initial 
1tap (1) 

• A••r•a• aolature di1tributloll at take out 1 

• Anr•a• aot1ture diatributton at tab out 2 

• AYerap aoieture dlatrf.button at take out 3 

- Ayeraa• aoi1ture d:1.atributloa at take out 4 

- •••r•a• at take out 5 

Ayerap aoiature di1tribution at take out 6 

AYerap aoi1tun dl1tribution at taltial 
1ta1• ('1) 

(I) 

(I) 

(I) 

('1) 

('1) 

(I) 

AYeraae aoiature d11tribution in control• (I) 

A•eraa• aoi1tun dutribution under light 
load (7.) 

-·· -··-•••r•ae aot,ture di1tribut1011 under beny 
load (I) 
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higher tbac. that in wood under cowpression. The ll'l4gnltwde of 

etrea•e• within tne ela•tic range did not app~ar affect tb.e 

positional moiature ca.utent mari-..edly. In wood uader light load 

lev~l (2,205 lba.), the average llOisture co.nteut difference between 

extreme sections was 0.581 with a maxiwum rauge of 1.1°'• Whereaa 

under heavy load level (4.410 lba.), the average diffet'ellce waa 

0.5ft with • •ximua r•na• of 1.201. 

ta order to teat twt 8lp1ftcance of tbeae diff•recc••• tbe 

aoisture content of aection1 ia compreaeioa and tnatoa ill the 

flexed be8tl8 ••• compared, ueiua t - teats. The uthocl and the 

detail• reeult• of thia caloulationa are given ia Table 11. The 

reault1 oft• tut• indieated tbat the average difference between 

tbe aouture content of tile outer aectio111 va1 aipifieant. The 

aoiature content• of tb.e nat inner eect1ona were coapared al10. 

llc,wn•r• the reaulta were not aipificant. fllel'efore, the naulta of 

the t • teata 1Ad1cate4 tut •ipiflcat differnc•• 'be•- the 

aoutun ooatnt of aeet:i.on1 ill c-,naaion alMI tenaloa in atre1aecl 

be-, ooly occur bet.vHB tb.e atr ... 1eetlou • vb.ere tlaue atr•••• 

ue at aaas.mu.. lilac• tla •• atr•••• deer•••• towaru tbe aeutral 

ala tb.e dlff•r•c•• wre 10 ••11 that they could aot be prnea 

alplflcaat by atatiatical •thoda. 

!lut Mcbaaiellll vblch were reapouible for tbe abo•• pbenaanOD 

f.D wood •1 be explataed by the followlng tbeorl••• 



!••l• 11. Collpari•011 of 110l•t•n cnteat ill t~• atr ... ••ctloaa of 
1trHaed beau ••in.a t•tnte. 

t • Probability di•tribution 
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DEStlRM tON F.XPU 00.NT MO I OH"RPT ION F.XPF.R IMfl<T NO ' 
Gr~•ptna 1 .. ,adt"d (2 201 lbtt. l l.nad•d 1 2 205 1h11 ' 

r "'" SO I\AR T N 1AKU: "t" !l l(;N lF f.AVT .&.T 0 ... SD MR T N TAHl.f. "t" SIGN If fr.ANT A'I 

Taitt" C'lut I 0.4417 0.11\411\2 2.4171 1 l,fl"6 80,07. 0,6200 0,1%299 J, 1'>84 1 2,920 ,o.m . . l 0,2lt,7 0 0 .!IIZt,17 0,8020 l - N, S, O.H67 0,048074 IO,llf5":tJ J 9,cn5 99,m . " l 0,7100 0.110 .. ,0 1,9118 l I ,flflfJ 80,01 0,691) 0,202759 J,4195 l 2,920 90,07 . " . 4 0,491) O,l2Hl\ 1,7974 l 2,920 cm,m 0,0767 o.o JI 798 2 ,4111 l 1,1186 ""·"' . " . \ 0,9400 O,bfl7fl'I\ l,Jf,f:,J l I ,Obi 60,cr7 . 0, 1700 0.011">47 14,7224 J 9,925 99,m. . .. . • 0,27'-7 0,061))1 4,1M\4 l 4,101 95,07. 11,4":tH O,H4580 1,HI07 1 1,)116 70,07 
Al I T•k.- n.ot11 0.\1\6 O 11'41\M 11\221\ •• 2.11911 99.0! 0 '•21' 0 076909 5 5041 18 ) 96"> 99 rn, 

tl,adf'd t4 41" U,111 -\ •.oadrd 14 410 lh•- l 
Tak,.. llut I 0,911,7 0,41\H74 1,ll911f5 l I.MM 110,07 0,601) 0,J7t.270 1.6120 l 1.186 10.m. 

l o. 1400 O. I I 7Ulct 2.-.011 l 1,fUl6 fl0.0'7. o. JJ61 O.OCJ9l87 J.3874 ' 2.,20 90.(11 . " . , n.,uoo 0.2)7t78 J.4011 1 2.,20 90.0'7 . 0.2200 0.060277 J.6498 l 2,920 ,o.m. . " . 4 o. !,600 0.4400]8 1.2726 l I ,061 60,0'X. o. 7400 0.2022]7 J.6591 J 2,920 90,(1')' .. 
' 0,7211 o. '61'17 1.,111111 l 1.flfl6 110.m. 0,0JJJ O,OJJJJJ 1,0000 J 0.816 50,(]7 

" . • O,\IJll 0,240'f'J1 2.4620 l I.MO 110,07 . 0,0967 0,014HO 6.6S1I J 4.JOJ 95,0'7: 
All 6 T•k.- '" . 0 6!,72 0 12459) S 2HO •• l 96S 99 "' 0 )]8] 0 087929 J 8478 18 2 898 ... m. 

t,,adt•d t1 205 and 4 410 1h11.' l.oadrd 1 2 205 and 4 410 lbs - \ 

Tah Out I 0,611117 0,2\Jll61f 2.6851 • 2.Sll CJLO't 0.6117 o. 11!9040 1,2156 • 2.HI 95.01. .. . 2 0,~ll 1l 0, 11Yl56 2.0161 • 2.on 90.0? 0,4]17 0,0651)7 ••• 271 • 4.0l2 99,m. . " . l 0,7600 o. Jqfll77 ),8111 • J. JOS IJ8,ot 0,4567 0,141955 J,2170 • 2,571 95,07. 
. " . 4 0,\.!67 0,20\729 2,5600 • 2,015 90.0! 0,408) o. 174107 2. 1426 • 2.on 90,07. . " . ' o.,nn O,H\106 2.1674 • 2.015 90,0'7 0, 1017 0.014 )92 2.9S62 • 2,571 95,0't 

" . • 0.4HO 0.1 J:021' J.2'147 • 2.HI 9S.ot 0.27SO 0.1391'UI 1.9762 • 1.476 80.0'7. 
All 6 T•kC" ..... . o. J8o• 0 O<:il'OI\ 6 5644 , . J 5119 99 91. 0 5864 0 091272 6 4247 16 1 S99 99 97. 

A.DStlRM ION EXPF.R IMENT NO I ADSORn ION EXPERIHENT NO 2 

Grl,uplnJ l.nad"d '2.205 lb•. I Lo•d•d 12.205 lb11 \. 
D IIAR ~D MR T N TARLF. 't" •JGNIFI .. D MR SD MR T N TARl,F: "t" SIGN[fff.AHT AT 

Tak• out I o. 7 367 0.26\9711 2, 769ft l I .1'1116 80.07. 0,8)00 0.245\61 J. )1100 J 2.920 90.0'7. . " . 2 0,4Jll 0,201770 2. 1477 1 I ,886 80,(Tf 0.5667 0,254711 2.2247 J 1.886 80.0't . " l 0,26]) 0,2\Q811' 1,0135 1 0,f'16 50.07. I, 16Jl 0,259R29 4.477) 1 4,)0] 95,07. 
" . 4 0,\567 0.1 \"\442 l,627' l 2,920 ,o,m . o. 72)) 0.25JIJ6 2 ,8S75 J I .886 80,0't . " . s 0,8%7 0,46lti'!,7 1,93]9 J 1,11116 80,at 0,6800 0,)70405 l.8JS8 J 1,386 10.o,; 
" . • o.1ost.1 0,4636\7 0,9849 J O,fllb 50,07. 1.1400 0,276104 4.1289 J 2.920 90,ot 

All 6 Takf' ouu 0 ,si2 0 12:142 4 5584 18 ),965 99.97., 0 8\06 0 110626 7 6885 18 J .. , 99,91. 

L1'>4tdf"d (4,410 lb1 .\ lo1df"d 14,410 lbs \. 

Tell• OUt I 0,51JJJ 0,)52152 1,684'9 J 1.186 10.cn 0,5467 0,576927 0,9475 1 0.816 50,m . " 2 0,5167 o.n6no I, 3036 J 1.061 60,07. 0,4367 0, 197005 2.2165 J 1.886 80,0'1 . " . J 0,4J]J 0.5571J82 o. 7766 1 - N, S, 0,4000 0,126623 J,H90 1 2,920 '°·"" . " . 4 0,JIJOO 0,420357 0.9278 J 0,1116 50,01 1.1000 0.311929 ),5264 J 2,920 90.m. . " . s 0.9200 0,67U90 I. 1699 J 1,061 60.0't 0,9067 0.202'12 4,4771 1 4.JOl 95,0'T. 
" . • 0,6500 0,JA6911 1.6800 1 1,186 70,07. 1.2367 0.445733 2,7745 J 1.886 80.m. 

All • Teh Outs 0,5839 O,l6'1253 3.4498 18 2,1198 99 07. 0 7711 0 143233 ' l8J6 18 J.96S 99,9't 

I.C'led"d 12 205 and 4,410 lb11,l Loadl'<l t2 205 and 4 410 lbs.\ 

Tell• out I 0,"650 O, l 99946 J,)2'!,9 • 2.571 95,07. 0.6118) 0.287477 2. 3944 • 2,015 '°·"' " . 2 0.4HO 0.1,,162 2,3778 • 2,015 90.07. 0,5017 0, 146911 J.4148 • J.JOS 98,01 . " J 0,)48) 0,277878 1,2'H5 • l, 156 70.07. o. 7817 0,214109 3.6508 • ,.,., 98,07 . . " 4 0,47JJ 0.20)56] 2.)252 • 2.015 ,0.01. 0,9117 0,198417 4.5947 6 4,032 99.0'7. . " s 0,908) 0,)65006 2,4885 • 2.01') 90,01. 0.79)) 0,195477 4.0585 • 4.032 99,07. . " . • 0.55JJ 0,273504 2.02'31 • 2.015 ,o.07. 1.188) 0,235477 ,.046S • 4.0]2 99,07 
.!!.L!. '.f•kP 0,5_?_06 - 0, 10291) }_.5441~ )6 ],5'9 qq,97_ 0.8108 0.089440 9,0656 J6 1.S99 99 91. 

ADSORM WN EXPERIMENTS NO I 6 2 OESORM JON EXPEltlKENTS NO I • 2 
Croupln1 LoadPd 12,205 lb!t .) 12,205 lb!t, \ 

D RAR SD M.R T N TABLE "t" SIGNU'lCANT AT 0 ... SD ft.AR T N TAIIU "t' S[CN[FJCANT AT 

Teb OUt I o. 78'33 0, 1632)1 4, 7'89 • 4,012 99,07, o. 5))3 0,126640 4,2114 • 4,032 99.0't 
" . 2 o. 5000 0, 148346 J,)705 • 3, )65 •8.m. o. 3767 0, 1446'9 2,6031 • 2,571 '15.m. 
" . J 0,71)) 0,25•8l6 2.7455 • 2.571 •5.cn o. 7017 0.189110 ). 7104 • J.)68 11111.m 
" 4 0,6400 0,137526 4,6537 • 4.032 qq,O't 0.2850 0.110717 2. 5741 • 2.571 95.0, . .. . 5 0. 788) 0.269783 2.9221 • 2.'71 9S.01. 0.55SO 0. J5257q 1.S74I • 1.476 BO.en . " . • 0.798) 0,2856Jq 2.7949 • 2,571 95,07. 0. 3650 0.123794 2,94114 • 2.571 95 .07 

All 6 Teb Ou • 0 7039 0.084946 8 2863 )6 J.51J9 99 9t 0.46'4 0,076'05 6.1042 ,. J.S99 99,9" 

Load•d 14 410 lbia,\ Lo11dPd 14.410 lbia \. 

Teb Out I 0,5700 0.)02457 1,8846 • 1,476 80,07. o. 7600 0,281957 2.6952 • 2,571 95.07: . . 2 0.4767 0,198740 2,)984 • 2.01s 90.m. 0, JJRJ 0.068722 4.92)2 • 4.032 99.07 . " . 1 0,4167 o,255q90 1,6277 • 1,476 80,(Tf. 0.5ISO 0, 1716)4 1.0006 • 2.571 95.<n 
" . . • 0.7450 0.282852 2 ,6))9 • 2,511 95,07. 0.6\00 o. 220288 2.9507 • 2.HI CJ5,0'l . " . 5 0.91]] O.JIJ7l6 2.91IJ • 2.571 9S.o,; 0. )78) 0.124624 1.6843 • 1,476 80.07' 
" . . • 0,94)) 0,294762 l.200J • 2.HI 9S.O?. O. J4SO 0.154892 2.2274 6 2.0U 90.0"I 

Al I 6 Outs 0 677\ 0 110407 6 1364 )6 J,599 99 91. 0,4978 0,079837 6,2349 ,. J.S99 99 9'. 
Loadf'd '7 205 ind 4 410 lbia - ' LoadPd 1 2 205 and 4,410 

Tab Out I 0,6767 0, 166975 4.0525 12 J.106 99.o,; 0.6497 0, 151264 4.2751 12 J.106 99.01 . . 2 0,4883 0."118682 4, 128S 12 1.100 99,o,; 0.3575 0.076586 4,6680 12 4,4)7 99.9'!. . " . J O.S6'0 0, l79S4J J.1469 12 J.106 99.01 0.608] 0.124960 4,8682 12 4,4)7 99.9'. . " . 4 O.HU O,U077I 4.5910 12 4,4]7 99.ft 0.4675 0.129779 3,602] 12 ]. 106 99.m . . " . 5 0,8,os 0.1911'2 4,2938 12 1.106 99.07. 0.4667 0,201070 2 .]209 12 2,201 95,0't . " . • 0,8707 0.196894 4,4221 12 J.106 99.07. o.1s,o 0.094576 J.7B6 12 l. 106 99.0't 
Al I 6 •-• rtut• " ... o, Q ..... ,,, 1.1844 ,, 1 460 99 .. ouu o 0,,061 • 7131 72 1 460 99 -

t.•undi D II.AR .. dlff•u•nc• 
SD IAR .. Standard nror of dlfh•r•nc•. 

I 



The cellulon akeleton of woocly planu le c-,oae4 of oryatallln• 

aa4 a11C>rphoua regiou. 'the celluloae in tll••• two regiou la liiuilt 

of a1croftbrlla, which under atuae coadltlona could be repr•••t•d 

•• belical aprlnga •• augguted by ~drey and he•tcm (11). 

Accepting thu aprtag aodel, the rupou• of a1c:roftbrila due to 

bn•tna atr--•• can be aul,setl. la th• cryata1111Ut region 

alcrofibrll• tn tenaion tead to lncr• .. • their vol..,.trtc dt..naloa1, 

while tbe8e df.altuton.a telMI to •er•••• 1n coapnaaton.. liace loM 

lnele ,,.. ta the lower part of the elaatlc ranp, tu diaaater 

cbap •• the partial •flectioll of a particular alcroflbrf.1 are 

ua11alble. YolU1111 ebaapa •1 ruulta &ca the aU.pptaa of 

nlluloae cbaintl vtthta the alcrofibrlla, or fr• poaalbl• by4roan 

baad trataafer. 'tbeH oluulp• ta Yoluae ahould ruult in apaee for 

water aoleeuln accorcHaa to thelr •p1tude. lf aow we -,tallllN 

the aorphoua natou, atallar coacluaiou en be drawn u tboee 

for tbe cryatalU.u region. Here, tbe acttaa coaprualff fore• 

t•• to recluce tba apace ..,.. ld.croflbrU.a, vhll• the teulle forcu 

tead to crNte the oppoatte effect. !here u aleo • poe•1b111ty 

of ebanging tile YOluaetric 41wiou clue to aetilla foreea. The 

total 'fflUlllt cbaap ben apla pr09ld .. apace for water aolecul•• 

acoordtaa to tu upitude. The wlume ebage ca be accounted for 

b1 • ori•tatf.oll clue to ,tr••••• aa&I poalbl• hydroaen 

bOIMI tnufer. 
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The crystalline region probably cloee aot tab up or loee mutun 

readUy beeauae of the atrosag ccapla chemieal b01Ula 'betvffll c•11uloee 

chaw probibitf.llg frN ll0'9eaent. Vhereu -,uture traufer u 

quite ,-alble in the ••rpboua ngiou due to it• llieroflbrillar 

or1entat10D1 ad relatively 1• atrngth ad looae atructure. 

The ft•l eoncluaf.on coacffll1na till• theory caa be •-rf.aed 

u followaa •uture coatent dlff•rn••• betveea tbe ntr- aectioaa 

of atrNaed i.e.. are due to coapnaaive •• t ... tle atr••••• wllleh 

••t up ebaqN ill tbe wrpboua reaJ.ona bec.w ... af.croflbrU.1. 

llac• both load lnel1 111 tld.1 f.nattpttoa were 111 

tile l••r portion of the eluttc rap, tbe cu be dr.,. 

that tile pheaoMaon above ii rneralble to at•t 111 ti•, u 

••• coafinad by larku (5), Bello (7), llliaht aad .... 11 (28). 

OIi the buta of the f. ,. dlagr• (.5) a tbenedyaaaie eoutdera• 

tlo11 of aoiature coateat cl:lffenace 4ue to ad caapraalve 

atr••• cm be ... 1yse4. !bu tb.eory 1a NaN on the propertlN of 

a perfectly elutic a•l ua•r bydro1tatic aad d1rectlaul atr•••• 

tile ,. ,. cttaaram ahon a pl with ualt dry we1gbt under dlffenwat 

•aatbadu of -111n1 aad atr•••u (rlpn J). fte dtacua•ioa of 

till• dtaar• 1a ••• oa tbe idea ••crU,e4 by Juua (S). 

!be a•l ii aloaa (ff'). u tlut pl will talr.e up 

aoae 110latun OI.A), lta volume (VA) incnua to (».'). Tbe •-

le trwl for (II'), etc. lach pl at each -,uture coat•t vu 
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treatecl 1eparately by Barko. He foun4 that the bulk aodulue 

iacreuu by iacreuing pre••ure and by decreuing 110i•ture contet. 

The prn1un under con•tant etre•• alona (AD) iracru••• with ill• 

ereuina mouture content. On the baeia of Porter•• equation 

(l,dp• • Upoclpo • 'ldh, where s, ii the differential eorption., or 

the voluae lncreue in the aolution per unit illcr•••• in 110iature 

content, Upo la the epeeific volume of the water under coutat 

preaaure P0 , and Via the epecific volUM of the vapor under a 

prnaure b.), it can be aeen that tbe yapor preeaure riaea if 

a gel at coutant moiature coatent ( (HA), (Ha) etc.) ia subjected 

to u f.Dcreuiag 1tre11 along AA', U' etc. The poiau with tu •--

••por prneure on tu (P, V) diagram are repreaatecl by linea hA• 

ta1 , etc. U a pl awell• under atr•••• it will take up aome moiature 

wlaich would ruult ill a vol11111 chnge. 1:lgure 3 alao aholra that on 

illcr•••taa tbe •urroundiag humidity, a gel, such •• wood, will take 

up lue aouture under atn•• tu.a when it u etr••••free. Therefore, 

if 11:rue ii applied to woocl, itt moilture coateat will tend to 

clffl'Hle in coapari•on with a atreaa-fr•• wood. The cbaqe• ill 

moilture conteat of voocl UDder atreaa will cauae ellrinkina ia com-

preaaioll •• nelliDa in teuion. The total diarmaioGal chama• can 

be looked upon•• the rHult of elaatic 1tra1n and abrinkin& or 

..,.1u.ag due to aoiature content chap. 

Ob9enatlou hn• heft gathered froa experf.mnta where tlw 

dtreetion of atruan ••• perpeaclicular to the grain. llarku' 



re1ult1 (5) vere found in ac,od apeeaent vltb Bello (7) aloes that 

llM. 

If Na4lna la ~lauallaed wbere atnu• are applied perallel 

to araln the folloriq aonclualou can be tlrant If.ace -1u,aa 

aad in 4lrectlon are ••1ll1U,1e, alMl tile re1ulu 

of tbl1 aperl-t 11141uted that content were 

in the •- •anitude u tboae of Berka• (.5) alUI Bello (7) • ou 

•1 eoaclude that tbe dlrectioaal 1tr•••• •1 be nplacN by actlag 

•tenal for••• toe~••~• tlut •- effeot. 

A •-ry of tbU theory •1 be expree1e41 •• foll••a Ill 

wood while uader flexure the aotiq •tenal forcu •1 be ftlpc,ul'ble 

for the dlff•nac•• beeve• the aof.lture coatenta of aectlou in 

ad t..,f.oa. !Ill• couluaf..oll la in po4 •ar ..... t vf.tla 

tbat of ltera (37) aa4 Diets (14), 1tatiq tbat the atraia vu fOU114 

to be blper oa the tneloa fac• of.__ tllan tbotle oa tile eom-

pn•aioa faca. la nfenace to tut, tbe atraJ.a difference 

betv- the t-f.OII alMI c-,re11t.oa of outer 1ectlou ill flexed 

..._ la probably re1paallble for the ao11ture coat•t diff•r•c• 

obeeftN belVe• thole IHtlOIII. TIie fla4t.Dp of I ten -· Dlets 

are appear to be la ape--.t vttll lacb•le-- aacl ••lias-ha,er 

f1Nl' tbeori• • u •-rued lty Diets (14). uoortllq to the•• 

fiber tlleorle1 the atraill ill tile voocl fiber• are lllcrea1ie1 froa 

the Mutral ai1 t••r• the aurfaoa of flexed bea ill both•--

pre11lola and teuioa ,, .... 'Ille wood fl'ben la e-,n11f.oa teed 

to buckle due to tile beuiq 1oa4 applld. fte filler 1•• 1tr•••• 



ia compre111011 can give eoae 1upport to their neighbor fiber, 

aaawt the buokU.q influnce. The upitucle of 1upport u in• 

c:rea11n1 tawar• tbe neutral au. Ia teuton, the wood fiber• have 

no tendency to buckle. Upon the 1bift of the neutral 

au toward the IIUion 1lde of tbe bea, it ia nidnt that a 

ret.tlve decreue of 1traln in the coapre11ion fiber1 and a cone1-

poacllng 1nareue la tbe tftlioe fiber• auat take place. 'l'be1e 

tbeoriN abaft ••r• found 1• duagn ... t .....-..c vitb. tbo1e of 

Au1traUa ilrfutigatore (2, u, 24). 

Ill woed under bendln8 tu aperi1111nta1 moilture content data 

with nprd to aectiou 1tr••••• 1n coapre11f.on and teuloa ab.owed 

af.plflcaat difference,. !b••• data ••r• verlfie4 by both aperi• 

MDtal and theoretical aouideratiou. In lipt of this, a further 

aaaly1:l1 wu conducted for the representation of potitional mouture 

cont•t in the outer 1ntion1 a1 a fUllction of the duration of load 

application. 'the cun••• obtaiDN by 11,11ng tbe leut 1quare1 aethod 

and tboee wbich wre found to fit be1t for each aroup of data are 1laon 

1n Jipn1 13, 14, and U. By obaervlq the bigll ''a" (correlatioD 

eoeffieient) ,raluea, it•• be••• that all cunu repr•••t•d well 

the ret.tiouhip bet.wee poaitional aoilture c:oet•t au duratioa 

of load applintioe for all aroupa of data. All curve• for daaor,tioa 

abowed airaf.lar trencla followiDa a hyperbolic function; wbereu la 

aaorptf.011, • lopritbllic functiou wa1 found to flt the data beat. 

Cun•• npreeea.tf.a1 the relatioa1hlp betwe• miatur• co11tent 1n 
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•taur• 13. lelatloubip betw•• •f.ature coateat and ••ration of 
load applicatf.oa la the outer ••ctlon• of control beau. 

•ic • Adaorptioa aperiMDt • control 

~e • Adaorptioa aecond aperiaeat • control 

»10 • De1orption flr1t aperillent • control 

D20 • Deaorption aperf.llftt • control 

M.C. • lfouture content ill the atre• ••ctiou (I) 

t - Ti• (bour1) 

a - Correlation coefficient 
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figure 14. B.elationehip between content and duration of 
load applicatioa la the outer of under 
U.ght load. 

A11 - Adaorption firtt aper11Nut • Uaht load 

-'Ji - Adeorption ••cond experiment - light load 

D11 • experf.mnt - U.gbt load 

D21 • Deeorption nperilNHlt • U1ht load 

M.C.* • Moisture content of in tenaion (I) 

M.C.' • Moiatur• content of in coapreaaion (I) 

t - Time (houre) 



I 
00 
I.,..) 
I 



' I - \,,'-·l- -

fipre 15. a.1atiouhlp 'between aoiatur• coa.teat and duration of 
load application in the outer ••ctiona of be ... under 
beny load. 

"ih • Adaorptioa •perillftt • heny load 

A2h - Adaorptioa aecond experillent • b•••Y load 

Dlh • Deaorption fir1t experiMnt - heny load 

D2h • Deaorptioa aecond experiaent • heavy load 

H.c.• - Houture content of aectiou in tenaioa (I) 

H.C.' • Noiature content of aectiou in compreaaion (I) 

t - Ti• (boura) 

a • Correlation coefficient 
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the outer teuiGD 1ection1 and duration of load applicetioa caa be 

found couiltently beyond tboae for aouaure content ill tu outer 

ooaprn,toa 1uttoa1 nd duratloa of load appU.catioa ta the NM 

co-ordinate 1y1tn for all -,.rf.Mnta at both load lnela. Thia 

••• tbat the aollture coataat of tbe outer aectt0111 ill c-,n111oll 

and tmaioa foll••• ••,arate cu.nea illdioatiq th• 41ffereacea 

already diacua1H. Alaoat all paru of all cunea r.,naentua tlae 

rtlatioubtp bel:IW- aouaure caateat aa4 duratioa of loa• •nltca• 

tioD la aoa-fl ... d wood wen 1oeate4 between tboae la teutoa •• 

ooapnaaioa of n-.4 wood if the, ... co-or,tute 171t• ta uae4. 

Hon cletatled aalyata of tbea• cun•• abowN tut tll• rate of aolatun 

content cbaqe I.a both flaecl ••• •••fl•N voocl vu bip dud.q 

th• ftrat 20 to 25 laoun. !ha it vaa aradually decrea11q to a 

lower aore or l••• coutat ••lue. !'be aolature coatftt dlffenaua 

bet.vffa ,ectlaa• of•- ta c-,na1l011 &ad teuioa , ..... to be 

ilaclepea4nt of nratiOD of load app11catloa1 aoutur• ar••t•t, aad 

the dinctlon of •lltun traaafer. ft.ea• fladlap ••• ill pM 

aar•-•t vi.th tlaol• of .llwtroa1 (1). further nalutloa of tlw•• 

cu.n•• alao naultN ta• ooaflraatloa for tlae ••lldltJ of the 

4i•euaaloll aacl theortn pruatacl earlier. 

0a tile NIU of tbe prtU.af.ury a.perf.anta perfontd lt7 tlae 

atbor aother proof •• IHt giYen for tile alatene• of a aout:lln 

eoate11t diffenue for 1tre11e4 ¥004 ill c-,ruaioa aad teul•• 
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'Ill••• •peri11e11t1 nre ooaducted uaina wood la pure coapl"e11ioa, 

teuion, bncllq• and relaatlon under aoiac.ure traufer eonclttf.oaa 

(rlgure 2). 

(1) Yellow poplar block, of 1" x 1" x 1•1/4" were ••• for 

GCJ11Pr•••1oa parallel to ar•la tut,. !he load ue4 neulte4 1D a 

atreaa of 6000 p.1.1 .• vbieh••• applied for oae WNk. 

'l'h• contat dUfenace belVND atr"••d aacl at1·••••fne 
,, ... !' 

vood ••• approxt..tely o.s81.vttb tut of the acne, .. wo4 •iDI 
lower (rigun 2•). 

(2) Yellow poplar aectiou of 1/8" x 3/8" a S-1/2" ven 111 .. 

la tenlf.on pan11•1 to arala teau. ft.e load uaed naulte4 la a 

tenaile 1tr••• of 1050 P•••'•• which vu applied fer Gile•••• 

'l'lt.e aoiature ooatent dlffennce betvee atreaae4 ad aueea•fr•• 

voocl vu around me percnt, with tbat of the woocl beiaa 

hlper (rf.gure la). 

(3) ... 11 yellow poplar .,. ... 3/8" x 1/2" x ,o ....... ' f11U4 

by a load of lJ lb. lll coutant hualdtty for wel•• daJI. !bit 

content difference betflell tlt.e 011ter aecttou of l/10• d/1" 

x 1" f.11 at tbe c•ter portioa of tbe flexed•-•• a'bOllt laalf 

a parent, wllere the •tature o•tnt of the eNtiou ta teuiOD 

being lllper (rip.re 2c) • 

(4) LH'P ,.u. poplar ....... 1-1/1" x 3" a 71 1a ...... nr• 

loadN vlth 120 to 175 lb. la dffos,tlon coo41tloa for OM ao11tb. 

Ille •illtur• c•t•t •utenace at tile ceter pon:l• of 1tn1•e4 



beem1 betwen outer ••ctiona of 1/2" x 1-1/2" x 4" waa about 0.641 

regardl••• of the upitude of load levele, with the aouture content 

of section• in tenaton beiq higher (Jiaure 2b). 

(S) Yellow poplar btt•• of 3/8" x 1/2" x 13•1/2", vf.tb u 

initial load of SO lb. in relaxation te1t1 were uaed f.u adlorption 

condition for 011e week. '?he mot.a ture contant difference at the 

oeuter portion of atreaffd beau between the outer 1ectiona of 

1/10" x 3/8" x l" vu about O. 751 with the aobture coa.teut of 

aectiona in teuaicm beina bf.ah•r (J'iaur• 2a). 

tbe reault1 of the•• preliminary experiment• indicated that the 

Mpitucle of aoiature coutnt difference due to teuil• aad cosapr•••1ve 

atr .. ••• ••• 1n tu •- orcl•r •• found 1D the Min uweatigation. 

llolrner, tb• reaulta of tbeet preliminary experimeuU ca 'be con• 

aiclered only incl:l.eatiou of tbe phtD.OMnon, •ince no adequate 

replicatiou were ..... 

4/ grm l!Cl••S&e! ff• h99tf.og of Dllrat&oa of !,gad Aglk•tlpll 

from tbe d1flection readiqa obaened duriq each experiaent, 

the actual creep deflectiou were calculated ad recorded u ahawn 

1A Table• 7 and a. ror illutratioa. creep deflection data obtained 

during the aecoad clftorption nperiMDt, were plotted apin•t duration 

of loacl appU.cat1on, by iadividual take out, and load levela (rlpre 

16). 
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IS.pr• 16. CrNp cun•• for the ••e011d •••or,tlOII experf.Mllt. 

A• Take out 1 

B • "tau out Z 

C • Tau out 3 

I• "lab out 4 

I• Take out 5 

r • lake out 6 
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Tu maxiD111 total creep deflection occurriq under light load 

••• in the aieghborbood of 0.4"• vhf.le bea111 uader heavy load •hawed 

a 11aiaua total deflection of apprOJtiutely 0.8" regardl••• of tba 

•reetion of miature tran1fer. Tha ratio betveea averaa• creep deflectlou 

11uaurecl at the two load lneb wae arOWld 1. 92. the ugnf.tude of 

U.pt load level vaa half of tbat of heavy load level, and they 

both wue in the elutic range. Thia ••na that the expected creep 

deflection ratio Mt.ween load level• would be in the vicinity of 

2.00. '?be experwntal and apec:te4 creep deflectioa ratio ..... to 

be 111 cloa• agreement. The ••11 differences between the actual 

and expected creep deflection ratio was probebly due to th• fact 

that the direction of load application with respect to grain direction 

waa not exactly unifora for all 1peci.11en1. aince there wu aome 

'V&l"iatim ill grain diractlon aaong the apecimena • which alao affected 

tlut creep data. The natural variability of woocl aad • poaaible aull 

error ta. the 1,-try of load applicatloa may. of cour1e, be otber 

reaaon1 for the ••11 variati011 in creep data and for the aliabt 

drlf..ation of actual creep cleflection ratio frOII the expected one. 

for the naluat:f.on of the relationabip between. creep deflection and 

duration of load application, ragreaaion analyaee vere made to 

••leet the aoat representativecurvN for creep d•fleetioa data•• 

a function of time. Since the crHp data did aot 1haw auch variation 

bet.vffG the two adsorption and between the two de1orptt011 experiment• 

at coneapondillg load they were combined in theae uleulationa. 



.l •f.aple lopr1thll1e function (3.5) found to fit beat for all the 

data group• as indicated 'by the hip ''ll" 11pre 17 •bolt• 

the deriYed eune1 with all nece11ar7 inforution. By exelt.141.aa tile 

initial creep de.flection from the analyaia, the relatioulaip NtlrHD 

creep deflection and duratloa of loacl applicatioD vould probably 

ebow bialler 1lpiflcanc::e. 

A detailed aaaly1i1 of th••• cune1 indicated tb.at the rate of 

creep deflection duriDa the fir1t 20•25 hour•••• hiabi then it 

gradually decrea1ed to a aon or l••• coa1taat value. The rate of 

creep defleatton ••• df.ff•r•t for ad1orptlon ••• de1orptloa in botla 

load lnell tlaroupout tlae expert-ta. At tile laltial of tile 

aperlaentl the cnep ufleetloa rate••• lalper for 4e1orpttoa 

aped.-•& bowner, at the later atap of tile tutl tu oppo•lt• 

wa1 found to be true. 

A further aaalyala of tlae crNp cunea allowed tut tu, re• 

pre1ent•• • portion of•• td•allaed ffNP cune, iacludlq tu flr•t 

and part of tlw 1ecoad The ideaU.••• crHp cune aad 

aece11ar1110Maelature are 11•• 1D ft.pr• 11. 

TIie derl••• obtained by ulq atatiatical teclmlquu 

were fouad to be 1illilar to tho•• reported by Clauer (10), 1'011111 

(44) aacl lalloa (22). Claueer'• erHp eune fuactioa (10) ••• 

prnen to be ••lid up to tile iaflectioa potat (J'laure 11). la lia)at 

of tbe 1lllf.larf.t7 of tile erHp cunff, thl• ••U.df.ty Id.pt be COD• 

1ldered to apply bere. la otller wor .. , 1D th• dllratioa of 
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Plgure 17. lelatioa1hlp between creep defleetioa aacl duration of 
load application. 

Al&2l • Adsorption firat aad apert.Mmu - llaht 
load 

A162h • fir1t ad 1ecOlld apertaenta • k••1 
load 

Dl&Zl • Deaorption fir1t and second aperi•ntt • liaht 
load 

Dl&2h • Deaorptioa fir1t aad aecond experiatut - he••1 
load 

ln - Natur•l loaa~itm 

C • Creep deflection in iuchea 

t • Time in houri 

& - Correlation cotffiaieat 
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Pigure 18. General idealiaed form of constant-load creep cune. 
Illt•rcept ~alue of minimum creep rate cune and creep 
deflectioa a:1•. 
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coutant flaural load appU.catloae to ••11 yellow poplar be ... 

tb.e creep deflection ad t1ae relatiouhip could be repr•entecl by 

tbe clerlved fuact1• ad could be applied up to the iaflectlon poi.at 

reprdl••• of the direction of moiature traufer condlticma (rigure 

18). 

Arutroq (J) and Uapton (24) bad ob1ervecl that creep deflection 

ad the IIOlature content cunae ill.,. •• are clo1ely ·••odlltecl. 

Accorclin& to the reaulta of thll 1tucly the obeenatioll abOYe appear• 

to be valid, and could alao be confirmed by the followiag tbeoretical 

coaceptaa 

In the cr,..talline re1iC11U of celluloae the alcrofibril1 are 

held topther by atrOI\I cbemical boaa; ad, therefore, the atrmath 

propel'tle1 of th•• rqiou are quite ht.ah. Ill the amorpbou.l reaf.ou 

of th• celluloa• the microfibrila are aot well oriented re1embliq 

a looae atrucwre and, therefore, their atrngth are low 

f.ll cmaparlaOD vlth tho1e of the cr11tal1:l.ae reaiou. Accordtaa to 

Barkaa (5) a plaatlc flaw take• place f.n vood uu.der 1tre11 nn f.ll 

tbe elutic raage, depndiaa uillly oa the aol1ture coatnt condltiou. 

Ia flexure tbla reaulte 1a • contlnuou1ly creep deflection 

vith cacateat ctaanae. It.ace both loacl lnela were 

ill tbe ela1tic rana•• it vu not likely that the re1ultiag 

could break up the lliahly complex unit of cryatalUn reatou. flaua • 

th• tiM depeadeac deflecttona mtaht have occurred aa the re1ult of 

die ••aim••• of the aorphoua regiou. Therefore, the plutic flow 



may be reaulted from• slippage of the cellulose cbaiu and/or 

hydrogen boad traufer. '?hie plastic flow•• influenced by moutur• 

content obaage aad mapitude of load vaa expected to incr•••• up to 

a point where the•• factor• ooae to equilibriuua vith tbe plattic 

flow. From tbat poi.at•• balrever, the plaactc flow r ... w coutaat. 

Different load leYela in the elaetic ranae, therefore, ebould not 

• bfte the aae effect on plaatic flow. Barkaa (5) bu than that 

the plutic flow in wood ie eull, due to external 1tre1au within 

the elaatic range. 8iace tbe two load level• were ta the lower 

portion of elaatic raaae, tile plutic flow created by tlaea can N 

aoutaered allloat tu 1aae in both caae,. Upon viluaU.staa tu 

creep data, tt 11 nideot that tbe creep deflection waa incr ... illa 

with the iacr•••• of upitude and duration of load, vbicb alao 

caa be,, •••• from the creep 4eflect1oo ratlo between load lnelt. 

Thoae findiq1 caanot be explained aatlefaetortly vith the pla1ttc 

flaw, but perbap, by tbe elaatic effect and flow occurred in the 

flexed be ... . 

1e ... re110Yecl from tu bwntdity cbabel' thawed a ••11 aet 

which iaclicated the preaence of plaatie fl• and ela1tlc fl•• 

'?he pure elutic effect l• recovered b7 the rt1tOWal of loacl. Accord• 

tq to Barkaa (5) aa4 Bello (7), tile elMtic flow or retardri 

elaatlc deforaacioa 1, recoverable la tille. '.th1• could~• expected 

from tbe followin1 rea•oniq: Wlae11 load ia reaoved from bff• tile 

nwly fonaed 1tr••• aad contnt depeadat alcrofibrlllar 



•tructur• of tu aorplaou• reatou tead to a•t back to ita ortatul 

orf.e•tatf.OG, Mkf.a1 tu •• to ntun to tt• aore or 1••• ort11Dal 

1llape. Thia could be •pec:ted •ta•• i.otll toa• lnela were wtebla 

the ela1t1c rea1oa. Duriq tbat proa••• aot all ••11 fone4 

bydroaea boad1 ••r• able to traaafer baok to tllef.r exact ortaf.ul 

loaatla11. '!Ilia fact la • ••11 ••*• tut u ealled trre-
ooverable creep (16, 17). 

'1111• theory •1 be u follon I Ctnp deflectioa 

oecuriq 111 .,..., uader kndtaa 1a clla• to aad plaatic fl•• 

111 tu aaor,llou naiou of the cellulo1e. Tu tla1tic flow 1a 

e-,oan of two part11 (1) pure ela1tic effect aad (2)-retar4e4 

ela1tic effect. Ollly tllat creep deflectloa wlaiell re1u~t1 froa total 

elaatic effect ii reco,era•l•• Kalaly tu total elattio effeet 11 

for tlae cne, Nlurtlor of fl-4 woo4a a.. .... 

lrnioualy lt Nft abon tlaat duratioa of load appltc:atloa 

bad a .. fl.alt• effeat oa ,oeltl••l aolature ••teat••• oa creep 

4eflection ta wood uacler Milt11re uaufez• coadieioa1. AccordJ.aa to 

tu aperlmeaul data, creep deflectloa, ia addttioa to tiM, ••-

to N cl01el1 •••octet•• with aoiatun eoat•t cbaaa•• Tia• poaalltllitJ 

of tkla waa iadteac .. b7 tb• 4ueu11iou oft~• ultrunuct•Y• 

of wood aad tbel'IROd,aaaie couepta of elaatic 1•11. 
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To analyse the relationship between poeitional moisture content 

and creep deflecttoa, caleulationa were conducted the followtag 

wayas 

rtrat, tbe creep deflection waa treated•• the tndepn41ent 

variable, while tile mouture content w•• the dependent varlal>le. ly 

re1ru1ton metboda a tblrd dean• polynoatal functf.ol'I. waa found to 

be ll08t repreaen.tattve for all aroup• of data•• eh01111 la Plgur•• 19 

and 20. The "a" ••luea indicated that th••• curves were highly 

atgntflcant. Stace tbere vu• aouture content difference between 

the ntr ... 1ectf.on1 of 1,e..,, due to caapre11tve aa4 teulle 

1tr•••••• tt vu po11ible to coutruet two curve• for eacb load 

lnel ln eacb apertaent u ahan in Piprea 19 and 20. 

In tba 1ecoacl part of th• calculatf.ou, mouture content of 

1114141• 1ectioll1 vaa treated•• the tnd.,..clet variable while the 

crNp cleflectf.aa ••• tile depend•• variable. ( ... Plpre 4 for tta. 

location of aicldle 1ecttoa.) By reare11loa •tboda, the relatlonahlp 

betvHn tbe•• two variable••• analysed. Accordf.Dg to the data 

naf.lable, it••• poa1ible to obtain two fuactiou npruentatf.'fe 

for each apertant; tllat 11, one for each load lnel. 1'be re1ulta 

of th"• ••111•• and all aeceaaary lllfonation coaceniq thi• 

calculation are la Pipre 21. The hip "I" value• lr&c!lcated 

tut a hf.ahl11ipiflcant relattODahip eailted betvea tlae two 

9arf.abl••• 

Ia both part• of the calculatlou, both Yariabl" corre1ponde4 

to dunttea of 1oa4 appllcatioa. Ill otbervo&"da, di• .. rl'fecl fuactf.oaa 



•1pr• 19. lelationahip between moi•ture coD.teat aa4 creep defleatioa 
at the extreme section• of beam, in deaorptiou by loa• 
lnel1. 

• 11 • le1orptioa fir1t aperlMat • ll1bt loa4 

llb • DNorption f ir1t aped.MIit • llea'fy loacl 

D21 • De1orpt:loa 1ec011• experillnt • liabt loacl 

D2b - Desorption second uped.ment hea11y load 

C - Creep ••fleetiou ia iach.e1 

a • Correlatioa eoefficlnt 

N.C. * • Noiature coatat of 1eatiolla la tnaton (I) 

11.c.1 • lloiltun caat .. t of 1ecti0111 ta ooapre11toa (I) 
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Figure 20. Relationahip between moiature conteat and creep deflection 
in the extreme aectiona of beau in adaorption by load 
levela. 

•u - Adaorption firat experiMnt - light load 

Alh - .ldaorption fir1t experiment - heny load 

A21 - Adaorption experiment - light load 

A2h - Adaorption aecond experiment• heavy load 

M.C. - Moisture content in outor section• ~) 

C - Creep deflection in inc:hea 

R - Correlation coefficient 

M.C.*• Moisture content of aection• in tenaion (i) 
l M.C. - Moisture content of section in compre••ion (I) 
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fipr• 21. lelati01Yhip of creep 4eflectloa •• aoi•wre content of 
middle aectioa in etreaaed be111U. 

A1 - Adaorption firat experiment 

A2 - Adaorption aecODd experi•nt 

D1 - Deaorption firat nperilllent 

D2 " De1orptioa second experiment 

c1 Creep deflection• hea•y load• inches 

C - Creep deflection• liaht load• inche• 

a - Correlation coefficient 

M.C.• - Moiature content of middle aectiona of beam 111 I 
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repreaent a thr•• df.aeaaional 1tate of relat:l.ouhip -on.a the varf.abl••• 

liac• 110iature coateat alUI creep deflection were chanaina vith the 

durati011 of load applic:atioa ia a 11.ailar way• it wa po1aible by 

uiq tbe couecutive order of th••• variable• to elillf.nate the 

direct appearauce of tille in the calculatiou. 

The actual 1traia aad aoi1ture diatri'bution in the croa1•1ection 

of wooden ...... muter bendtq uaually cannot 1Mt repn1ented by • 

•traiaht U.ne fuactioa. Accordizla to that, the ooaclualon can 1Mt 

drawn tbat then ii no linear relati0111hip betveft aot1ture content ncl 

crNp deflection. Thia a,a-,t:1.on cau alao be 1upportecl by the fact 

that the 1treaatla proparti•• of woecl due to 110iature content 

variation follow an aponnetial nlatloubip (40). The ruult1 of 

the above auly1u :l.ndleated tbat tbil bypotbeaia ta only valid for 

tlae outer aectiOlll 1 vbere a polJDomial function••• found to repreaent 

the data 1atiafactorily. On the other baad, ill the middle 1ection1 

the relatf.oaahlp between ere., deflection ad moitture content 

follCllfed a lille. Both of the calculatl011a pre1ented 

in thia claapter 1balrN that the cr•p deflecttou incnued with chang• 

f.q aoiatun coatn.t ud vttb iacr•••• ta. duratioa of load appU.eatioa, 

reprdl••• of the clirectloa of molature traufer concU.tf.ou • in good 

aar•--t vitb the tbeoretlcal concept1. 
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CONCI.Ultolll 

rroa the of tld.a f.lrve1tiptioa. tbe following coaclueiaa• 

uy be drawn& 

1. the aof.atun content 011 tlw teuion 114• of fleu4 wooden 

be_, 1• 1ipificaatly bipr than on th• c-,r .. aion eid••• The 

-aaitude of moiamn coatent difference• between the outer 1ectiona 

aow1ted to approadlllltely oae-half of ou percent. 

2. 'lbe aoiature coatet difference• ae to ad ta• 

ail• 1tr••• I.a wooden be ... wen the , ... reprdl .. • of tbe direction 

of aolature traufer. 

3. The aoi1tun cOGcnt clifferecea were inclepeadeat of moiatun 

coatent lnela IIIMI aouture gracU.et1. 

4. !be load ln•l• witbin the elaatic: r--• bad almo1t equal 

effect oa oautu.re coateat differeac••• 

S. The rat•• of ac,iature c:oatnt cbua•• and aoiatun 

occurred 1a tbe firat 20 to 25 hour• of coaatant load 

appltcatlou npl'dlN• of tlMt direction of aoiature tr8118fer condition. 

6. lfolature ehaa•• ill flan• b .... ••• at a rate than 

thoa• ta •••flexed 'be .... 

7. were lliper in flaed ..,._ tban tboae ill 

OOD•flaed a. .... , e1pecial17 clurlq tbe firat 1t•1• of the IIOUture 

traufer. 
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8. The total creep cleflectioa ad the center •llture content 

of flexed bNal with lncruaiaa tlae 1n traufer conditiOD. 

bad •bown a direct relatiODab.1p. 

9. Crup cleflectioa lncrea1ed with the 1Dcru1• ill duration of 

load application and upltude of load during moiature adaorpt1oa and 

deaorptlou. 

10. er.., cleflectlon uader coutat load iacreaaed with change 

1n aoi1ture conteat reprdle11 of lta dlrectiOD. 

11. Moat of tlut total flexural creep aa well •• ita hiabe1t 

rate occurred 1D. the firat 20 to 25 bour1 durina all uperf.aellt1. 

12. Matbaatlcal equatiou were derived by 1tatbtlcal Mthoda to 

repreaent tlae relatiouhlp l>etweea i.llportant variable• ill flaecl 

woodea b•-. 

13. Theoretical explanation of th• •chaD.11• 111-.olved ill voocl 

while uacler flexure, c• be giver& on the bul1 of the ultra•atructure 

of voocl aacl tbe fundamental thermodynamic coacepta of elutlc gela. 

14. The lutantauoua and U,1111 depentlnt elaatic effect were 

reapou:lble for the total creep beb.a'91or of flexed l:Htna, which caa 

be aupported by tu rb.eoloalcal Juraer aodel. 
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IICONNDDATIOIII 

According to the re1ult1 of tbil inveatigat1on, th• follClllfiDI 

rec011MRdation1 can be made: 

1. la future exper1•nts the use of ao1ature detector• from 

wbicb accurate nd continuou1 •oi1ture eoutent observations caa be 

•cl• without th• need of cutting froa the be- and dilturbtag 

the 1un:oua•1na conditioa. i• recOmMnded. 

2. T1ae u•• of atrain gagH for tbe more accurate detendnatton 

of tlMt ,train distribution in flexed be•u and e1peclally in the 

ntr ... of the beaN ahould be introduced. 

3. Ia tetts where a syamaetric loading 11yatftl 11 th• 

1,-.try of load application ehould be checked more accurately by 

•••• of •••uring the reaction force at one of the eupporta uatna 

an appropriate load•cell. 

4. In te1t1 where wooden aupporta covered witb paint are u1ed, 

their chaqe1 1hould be checked aore accurately to 

iaprove the creep deflection data. 

s. Teat 1hould be performed on the reveraibility of variation 

in aoiature content due to tbe action of c011pre11ive and tena11• 

1tr••••• ta flexed be .... 

6. lxperiaenu uaina more load lnela :ln tbe upper portion of 

the ela1tic and tbe lClllfer portion of tbe pla1tic range• are 1uge1ted. 
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Th••• experiaats might show the ,mall, but definite effecta of the 

agnltude of load on the 1,-etry of mo11ture di1trlbution in fl••• 

beame durtaa moiat~• tranefer. 

7. lxperlaelltt ahould be performed to teat the effect of 

temperature on moleture distribution in flexed be ... during molature 

traruafer. 

I. Inve1tlpt:lon1 should be conducte4 fctt further nplaution 

of the mecbai111t inolved in tbe different effecu of coapre11lv• 

•d teulle atr .. ••• on aolature dlatribution la wood under 'belMllq. 

9. lupplemental'y ineatiaationa an auggeated to determine tile 

effect of aollture content cbanp1 oa the propertte, of voocl cl11rt111 

1tre11 relaatlon. 

10. lle1earch la al10 reo-4•4 wblch will 1h011 the aorrelatlcm 

of tb.e re1ult1 for nall wooden be ... vlth tho•• for 1tructural ...,.n 

ued 1n coutruetloo.. 
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AIITIACT 

Mot.tu.re diatr:l.butioll in ••11 yellow poplar beau Ulller two 

coutant load ln•l• wu 1tucU.ed ln four independeat a,-r1aenta. 

leaM were 1ubjected to aoiature traa1fer cOlldttiou aa•ly; two a• 

periment1 1n adaorption and two aperf.mellt1 f.a duorption for the 

duration of ten each. During period f.a eacll experf.raellt, 

creep deflectloa readiq1 were taken frequtntly, and at aix 

vertical naobture diltrlbutiou tbe grain between the point• 

of load application were deterld.lled. Moilture diatrlbutton in be-

••• indicated by five nenly placed poait1oa.al aol1ture content 

aea1ur .... t1. the aol1ture content detenf.nation wa1 baaed on the 

OYen•dryf.na aetbod. 

IKperl.Mlltal re1ult1 indicated tbat compreaaive and tenaile 

1tr••••• tnflunced the moilture diatributton in be ... to a 

different extent ..... 1,, the moilture content of 1ect:l.ou in teuton 

were higher tban thne f.a comprfft:l.on, regardle11 of mollture traufer 

coadttloa.1. Thu mi1ture content difference wa1 relatively ••11 

and •••med to be 1ndepft4nt of aoilture content lnel • aobture 

aradient ad load lnel. 'lhe on balf of one percent mol1ture cODtent 



difference, due to compreaaive and tenaUe 1tz·eaaea, ... fouacl to 

be alpificant a11cl ita occurruce ••• aplained auiag tbeorie1 baaed 

ou the ultr .. tructure of wood and thenaod:,naaic c011cepta of ela1tic 

ael Mterlal1. Koi1ture coateat chaqa were la 1tre11ed beama 

tban thoae ill 1tre11•frn on••• The rate of moi1ture contnt cbaqe1 

w .. blab in the ft.rat ,art of the aperlmentas then, it aradually 

dear••••d to a more or le•• C0111tnt value. 

Moat of the creep deflection oecurred while the ujor ac,i1ture 

COlltftt cbange• took place in tba beau under bending. Then an 

ecruUibrf.1111 ••• obtaiuecl between aoiature content of cbaaaber ad 

1pecf.lla11• aad er-, deflection 1tabUlaed in aaorptioa and dNorption. 

Thia pbenoa1110G wu ta aood •areement with theoriu and re1ult1 of 

other t.m,e1tigatf.ou. The rate of creep cleflectioa ••• high during 

tbe fint •taa• of the •per:1.Mut1; then, gradually decreaeecl to an 

alll08t coawtant Yalue followiq a cloae relatioaahip with the rate of 

aoiltun content cllana•• 

U•taa 1tatiltical •tlaoa the relationablpe betwNn tu followtaa 

11arlable1 were and diacu1eds poef.tioul aoiature contnt 

and tf.1111 1 er.., deflection and tf.1111, creep deflectioo and poeitioul 

aollture contftt. 'tbe derived function• repreant:Lna the relatlenabipa 

were fOUD.d blghly 1ipific&11t. 
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