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ABSTRACT 

X-ray tliffraction techriiclue was utilized to determine the relative degree of crystallinity 
of some. coniferous wootl tissues, namely Douglas-fir (Pseudotsugn nzenziesii (Mirb.)  
I'r:lilco) normal and conlpression \\.ood, and norinal wood of Sitka spnice (Picea sitchensis 
(Bong.)  Carr.)  ant1 wrstenl he~lllock (Tsuga heterophylln (Raf.) Sarg.). Total creep 
\ al~les w t w  :ivnil:~blc from a previous s t ~ ~ t l y  for test samples matched with those used for 
tleteriiiining degrec of crystallinity. Creep response was measured nsing two constant loatls 
corresponding to predcter~~iincd initial strain levels of 3.000 ( A )  ancl 6,000 ( B )  rinches/incl~. 

Thc relativc tlegrce of cell-wall crystallinity was found to be linearly correlated. (inversely) 
with short-tcriil creep. Resrllte of this investigation also revealed that cell-wall crystallinity 
con t r i l~~~ tes  ilp to 67.2 ant1 51.8% of the total variability in creep response for samples 
tejtrtl at constant loatls correspo~iding to strain levcls ( A )  ant1 ( B ) ,  respectively. I t  is 
suggested that a relatively high degree of crystallinity increases the rigidity of cell wall, 
which thert,l,y resists e\cc.ssive crccy? tleformation. 

INTI~OIIUCTION Changes in c:rystallinity when cc~ll~~losc 

It is generally acceptccl that individual 
wootl trachcids and composite woocl tissues 
consist of 1)oth ordc,rcd (crystalline) and 
cli\ordcrcd ( amorphous ) region\. Accord- 
i~lgly, it would bcx evpectetl that varying 
proportions of each would influencc~ their 
mechanical behavior. High strcnqtll and 
low c,utc.nribility of textilc ancl rcgcmeratcd 
fi11c.1~ havr 11r.eli rclated to high degrecs of 
crystallinity (Ward 1950, Tripp ct nl. 1959). 

' 'The ni~tliors arc., respcctivcly, Postdoctorate 
l'ello\v, \I7estcrri Forc:st l'rodiicts L;tboratory, 
Can;lclian Forestry Service, Tlepartment of the En- 
\ ironmci~t, Vnncoiivrr, 13.C:. and l'rofessor, Faculty 
of Forestry, Uni\-ersity of British Col~~nrbia ,  Van- 
corl\er, H.C. 

This paper was 1)ascd on the senior autllor's 
1'h.D. thcqic snl,mitted to the Univt,rsity of Hritisl~ 
C:olrirnl,i:~. Financial si~pport  by thr  Co1111cil of the 
I:<)re.;t Industries of Dritisll Colum1,ia and by the 
S21tional Hrsc~ai-cli Council of Canada is gl-atefully 
;~ckno\vlrtlged. Ac!ino\vledgi~~e~~t is 111adt. of iiiany 
11sc>f11l suggestions I)y l l r .  R.  (;. Butters, Assistant 
Pr?fcssor, Department of \Ietallnrgy; I lr .  R ,  hI. 
Kcllogg, Canada Drpartnient of the En~ironment ,  
\\'rstc>rn l?ol.est Prod~lcts I,abor;ltory, \iar~co~i\-cr, 
R.C.; :irrd Dr. A. Kozak, Professor, l'aculty of 

fibers are stretched have been a subject of 
investigation. Such change is bascd 011 thc 
hypothesis that tihers undergo a process, 
during stretching, similar to that euperi- 
c-ncc~cl with na tu~al  lubbcr samples. A 1)ar- 
tial conversion of the ainorphous ir~to thc 
crystalline statc of cellulose fibers has 1)cc~i 
ob\c,rvcd by Bcrl\ley and Kerr ( 1946), 1 It.yi1 
( 196Fj), and Ingcrsoll ( 1946). Thc nrajor 
ditfcrence 11chv~~cii cellulose fibers and rub- 
l ~ c r  is that the change is not as rc\crsibIt, - 
as with rubber and is very lnuch Icss pro- 
nouncccl (Mark 1940), a\ wa5 ob.;e~ vc~l  by 
Sisson ( 1938). 

Crystallinity as a factor influencing the 
mcchnnical behavior of wood and/or \ \~)od  
tissues sccms to have been ignored until 
reccntlv. This rvas probably due to lack of 
a technique, suit:lblc for dctcnilining clc~grcc 
of crystallinity. 

The first rcpol tc d study rclating c1.11-wall 
ciystalliiiity dir~,ctly to mechanical rclsponsc, 
of wood W C I ~  collductcd by Murphcy (1963). 
Accoiding to l~ini,  crystallinity of yc,llow 
I~rrdl ( B ~ t f ~ l ( t  ri/le:lhanienr.is Britton) 'ind 
sugar ~naplc  (Acer snccharzlm Marsh. ) in- 



creaseel as '1 rcsult of tc.nsilc s tra~n but, at 
'1 given load-causing strain, did not change, 
whew thc load was sustained for a period of 
tinlc. In addition, after release ot the load 
inducing the strain, solnc' of the illcrease in 
crystallinity rcmainc~cl. Thus, up01 I applica- 
tion of a tensile load, solne increase in 
molrcular latticc perfection appea 1.s to takc 
place, cClusing an increasc in cell-wall crys- 
tallinity. Part ot this incrcasc, is retained 
aftcr removal of load as a result of probable 
pc'rn~anent chailgcs in crystallinity. Using 
h4urphey's technique, Ziegler ( 1969) has 
tound that i nc rc~nc~~ t~ l l  tensile loads at a 
gi\ en tcmpcfi~turc~ level i esultcd in incrcas- 
ing crystallinity of Douglas-tir (Ptsouclotsugu 
nlenziesii ( Mirl,. ) Frailco ) . 

Kouris ct al. ( 1958) cuamincd thc effect 
of various modes of d~ying  upor1 cqstallin- 
ity of softwoods, using X-ray diffraction. 
They did not observc any significant change 
it1 crystallinity indcx when previously un- 
dric.d, pure cellulose fibcrs wcw dried froin 
watvr undcr a widcx range, of conditions. 
On the othcr hand, they obtair~ecl lower 
values when the fibcrs were dlied from 
1)cnzene. Crystallinity of early- arid latc- 
\vood of longleaf pine (Pinus palu5tris Mill.) 
I~olocellulosc~ pulps was detcnniilc~d 1117 Hill 
(1967) 'unc1 Jcntzcn (1964 1 as fillers were 
dried under v'lrious auial tensile loads. Thc 
authors did not find any changc in the 
elrgi-c~r~ of crystallinity. 

In spite of the increasing knowledge 
 bout thc influence of cell-wall crystallinity 
011 strength properties of wood ant1 'or wood 
tissues, virtually nothing is I\nown ahout the 
cxffects that cryrtallinity might havcx on time,- 
dcpcilclrnt phcirornc.na of \vood tisjues. The 
purpose of this paper is to c~uamiile the role 
that relative degree of cell-wall ci \7stallinity 
plays in controlling the magnituclc of short- 
t ~ r ~ n  crc6.p rc3sponsc of some cboniferous 
wood tissucs. 

AIATERIALS ANI) METHODS 

The cuperimcntal matcrial was carefully 
chosen fronr normal wood of singlc trees of 
Douglas-fir ( Psemdotsmgu n~enziesii ( Mirb. ) 
Frnnco ), Sitka sprncc ( Picen sitchan.si.r 

(Bong.) Carr. ), and western hemlock 
( Tsuga heterophylla ( Raf. ) Sarg. ) and 
from compression wood of Douglas-fir, 
availClblc froin the University of British 
Columbia Research Forest, Hancy, B.C. 
Diameters at llrcast hcight werc, 26, 28, 14 
and 22 inches outside hark, respc.ctively. 
One disc was chosen from each trcc at 
breast hcight. Three tangentially ~natchcd 
11locks (nominal 2.5 inches longitudinally, 
1.5 inchcs radially, and 0.75 inch tangen- 
tially) were cut from each disc. One block 
was uscd for obtaining material for detes- 
nlining relativv degrcc of crystallinity 
whereas the others wcrc used for estimating 
total creep. 

Prior to sectioning tangentially on n slid- 
ing microtomc~, 1)locks werc aspirated under 
vacuuin in a vacuum/pressure cylinder until 
waterloggcd ( saturated). Each increment 
preceding the selected one ( Number 71, 80, 
187, and 60 from the pith for Douglas-fir 
normal and compression wood, Sitka spruce 
norinal wood, and westcrn hemlock normal 
wood, respcctivcly ) in tach block was sec- 
tioned and discarded. Once the tangential 
surface at thv choscn position in either 
early- or latc\vood had been satisfactorily 
prepared, one microtome-section ( nonlinal 
0.009 to 0.011 ~nch thick) was cut. Svction\ 
were kept in controlled tcmpcraturcb and 
hurniclity (C'TH) room mainta~nrd at 
73 -t- 3.5 F and 50 2% relative humidity. 
Each section :~ssigned to the crcep chuperi- 
ment was punc~hed into strips or replications 
using a special1 y ~nachinecl cutting tlic, i ixecl 
to a half-ton arl)or press. Matched sections 
assigiled to crystallinity determinatiol~ werc 
g r o ~ n d  for the purpose of making pcllcts as 
indicated below. 

Prcliininary experiments during this in- 
vcstigation showed that thickness of wood 
samples ancl orientation of trachcids arc 
cxtrenlcly inlportant for cell-wall crystnllin- 
ity deter~nination. Since two different kinds 
of tissues, early- and latewood, were to bc 
uscd as experiincntal material and thrir spc- 
cific gravities differ, it was therefore ncces- 
sary to usc thc same Inass per unit area from 
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tach tissue. This was done by grinding 
c:ach microtome-section, prepared by the 
111c.thod dcscribcd abovc, in a Wiley mill. 
Wood particles that passed through a 20- 
mesh screen but were retained on the 40- 
1ncas11 succn were collcctc~cl. Grinding thc 
matcrial to this sizc would not affect thc 
diffraction pattern (Nclson and Conrad 
1948 ) . 

A standard sarnple o f  400 mg was shaped 
by compression into a thin rectai~gular pel- 
Ict ( %  x 1% inches) at about 1,000 psi in 
a slwcially designed die. As a prior step, a 
drop of dilute, glue solution (10 in1 DUCO 
ccmcnt plus 100 ml amyl acetate) was 
placed on 400 ing of wood nlcal ai'ter it had 
11eell lightly compacted in thc div; the11 the 
full spccifiecl pressure was applied in one 
to t\vo ~ninutes. I t  has 1)r.en intlicatcd by 
Ncxlson and Schultz ( 1963 ) that the ainount 
of cvmeiit usc~l  would not affect the diffrac- 
tion pattern obtained. Because of the liin- 
itcd amount of matcrial available for crps- 
tallinity, a maximun~ of on(, samplc (pellet) 
was prepared per wood type. On each 
pellet, two X-ray scans \yere talien, the 
average of which n7as nsptX in thc regression 
analyses. 

A Philips X-ray Diffractonictcr was used 
for rrcording the, intensity of th(5 predorn- 
inant pc,aks of cellulosc lattice tliffraction, 
namely (002) and (101 + 101). These 
pvaks occur within thr rang(. of 6 to 30" 
( 2 0 )  ( Fig. 1). The X-ray beam was gener- 
atcd from a water-cooletl coppcr target. 
Tests werc nlade at 40 KY anct 15 ma cur- 
rent. Degrec of crystallinity was measured 
by the crystallinity index ( C r l )  proposed 
1)y Scgal ct al. (1959), which expresses the 
rc.lative dcgrcc of crystallinity. 'T1-I(. q u a -  
tiou uscd is as follows: 

\vherc : 
T0 , )2  = the maximuin intensity (in arbi- 

trary units) of the (002) latticc 
diffraction, and 

I,,,,, = the intensity of diffraction in the 
same units at 20= 18" (approxi- 
mately). 

This equation is considered by the ~vriters 
as the best method available to calculate 
the relative degree of crystallinity, since thc 
parameters, I,,,,, and I,,, are det<:r~nined at 
two points, one most characteristic of the 
crystalli~ie cellulosc and the othcr most 
characteristic of the anlorphous c:cllulose, 
rvspectively. The same equation ]la!; 1)een 
applied to wood sections and wood fibers 
by authors such as Jentzen (1964 : Hill 
(1967); and Hinotto et  al. (1971 1 .  IIow- 
ever, it nlust be indicated that tlris X-ray 
technique for deterinining crystallinity is 
only a rclativc one and not a1)solutc'. Uever- 
theless, Crl  as measured herein is a scl~tsitive 
indication of ~vlative drgree of latcral order 
of cellulose. 

Aleasrrrcn~cnt of total creel) 

Total creep valuec in tension p,~r:tllel to 
grain hC1d bccn obtained on srn'lll wood 
strip5 matchccl with those used for c.1 ystal- 
linity determination (El -o~ta  1971; El-osta 
and \17ellwood 1972). In these stutlies an 
evpeiiinental technique was cleviscvl by 
\vhich constant loads corresponding to pre- 
detcmnined \train levels of 3,000 ( A )  and 
6,000 ( B ) pinches/ii~ch were app1ic.d to test 
rpecimens uiidei CTH room contlitions. 
RI  iefly, wood strip\ were glued at 1)otli end\ 
between alunlinu~n sheets to fdcilit'lte the 
loatling procedure. The assembly was prop- 
erly aligned ill the upper grips of the Illstion 
testing machine. A hooked-end wire was 
attached to the lower end of the \pecllmen 
and passccl through a holc in the l~ottoln 



of n I)ucket resting on the lo1r7c.r crosshead. 
A 100-g weight was hlnlg at the lon7cr end 
of tlw wire to straighten out tllc mood 
strip and to facilitate moun t i~~g  the es- 
tcL~lsomcter 011 it (Fig. 9 ) .  Tlie (,\ tensoinciter 
\\,as conncetctl to a five-pi~l ad~lpter feed- 
i11g c1irc)ctly to the loat1 cell a l~lpl i f i~r .  Seine 
Ic~ad shot, depcndiug on thc cspcv.tcd tcnsilc 
stre~igth of each strip, \\,as the11 put into 
tllc: I)~lckct \vithout loading the specimen. 
Aftvr 15 mill, (luring \vIlicli tht, zero strain 
poi~rt was supprcss:~l to either 2,600 or 5,600 
r,.incl~c~s inch, the l o \ \ ~ r  crosshc~ad \vas 
11ro\.rt1 tlorvi~. Alorc lcatl shot n.;~s immedi- 
ately poured into the Imcket. so that tllc 
i~~i t ia l  rccluired strain renchctl levels ( A )  
or- ( R ) on th(. Instroll strip cha~.t  rccorckr, 
aftc.1- \r,liicli tllc, loacl v7as Ii('l)t elmstant for 
60 mill. Total crc>ep is dr4'inc.d h~~cxin as the 
a ~ n o u ~ l t  of plastic dcforlllntio~l occurring 
al~ovc. initial strai~is ( A )  or ( R )  o\.er the 
60-1ni11 pc,rio(l. 

IIb:SI'L.'L'S ANII 1)ISCUSSIO'. 

Yalurs for rclativc tlcgrcc, of c.ystallinity, 
alollg \\it11 total creep \7alucss obtained pre- 
\ iously, arc, prese~~tctl  in 7':11)1(: 1. l':~aruii~:i- 
tion of this talde indicates that witl~in one 
gro\rrtli ir~crrmc~ut of tlw species nsetl, ex -  
ccLpt \\7estern Ilcmlock. latc~n.ood tissues llad 
Iriglirr rc~lativc degrce of crystallinity than 
c~arly\vood, These rcsnlts arc, in agreclnelit 
i t  tllosr~ rc~portc~d I H .~rada  and 
1:uniguclri ( 1971 ) on I'.Tc~~(/o~.TIc;:(L iuporl ic(~;  
Ilolzer and Lewis (1930) on 1I)ouglas-fir; 
a ~ ~ d  1,intlgrcn ( 1958) on S\\~edish spruce. 

T l ~ c  l~ariability I)ct\\~cc~n earl;,~n.ood and 
lato\vootl with regard to the al~ove-noted 
cl~aracteristic 111ight 1)c attribut('c1 to: 

( 1 ) They higher pc~rcentdgr ol lignin ol 
c,arly\\700tl tissues. Lignin, nclcording to 
cvidc~icc availal~le i l l  the libcrature. is 
,ul~o~pllou\ rn'lterial. It\ prc>sonce would 
tlcci e ~ ~ c  the I elclti\7c percentLigc of cell- 
\\ all crystalli~lity. In the pit sent study, 
l ~ g ~ l ~ n  coilte~it \vas not clctern~ incd. IIorv- 
e\ er. it Iias been found by \\'ilson and 
\\ ell\vood ( 1965 ) that, within one rn1nual 
~ncicnlc,~lt of the same specie<,, c,\cept f o ~  
\~~c.stc.rn l~emlock, r.clll)\\oocl 11'1s 2 to 33 
hi<h(,r hqain c o n t c ~ ~ t  t11a11 Idt c\vood 

( 2 ) The lon7c.r alpha-ccllnlose cl111t (miit of 
e,1rly\r7ood tissuc~s (Squire 1967 ) .  

T l ~ e  relati,\,(: degrcle of crystalli~llty of 
Douqlas-fir compression n700d is sec311 to 11c 
lower than that of Douglas-fir norii~;~l wootl 
(Ta l~ lc  1 ) .  Silnilar diffcrcnces ]la\-(, been 
reported l)et~.i~rcn normal and com1)rcssiorl 
\voocl of lol)lolly pine ( Pinus tactltr 1 ,. ) 11y 
Parh;un ( 1971 ). Tlic higher lignin c.r)ntc,llt 
( Tirnell 1965 ) , larger ~nicrofibril :liiglc, and 
absence of all S3 layer of compressio~~ \r~ootl 
tradlrids 1nilg11t 1)e. tlic factors rc:sponsibl(~ 
for its lomcr relative degree of cr!.stallinity. 
Kt~l~lcrical ~x lues  arc higher than tliosc 01)- 
taincd by 1.w ( 1961 ) .  In the p r e s c ~ ~ t  study, 
a\,rragcls arc, 59.4 aild .5Fj.l% for Ilouglas-fir 
nomlal and compressio~~ wood, x\~liercas 
tliose reportetl by Lee were 54.3 ant1 ,46.4?. 
I~lstc~ad of usi~rg n~ood meal, Lee sl~l,jcctc.tl 
his saillplcsto a scxvcrc dclignification proc- - rrcyx css whcrc1)y a reduction in rc~lntivc~ tlc g 
of c~rY.stallinity might have occ~zrretl. In  
addition, tlie tliffcrcncc might 11c. tlncs to tlw 
inhc~re~lt speci111c1l variation s11c.h as that 
resulting from age (Lee's specinlcira \yere 
from jr:)lmg trees ) . 

I3c~causc of thc uncertainty of changc~s 
that inight I)(, iuducetl during an) delignifi- 
cation process, a contro\7crsial issncx is re- 
ported ill thi, literature concerning thc 
iiifll~ence t1i:lt dclignification proc:css might 
lravc o ~ i  thc crystallinity of celll~losc,. l7o1- 
c~\-:tnlple, a slliall increase in proportion of 
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'I'AHLE 1 .  Ar;e~.agc oalues of relatice clogree of c~,y.stullinity, clnd total crce/ju at 3,000 U I I ~ /  6,000 
p inc/zesli?ich initial .s trai~~s 

~ ~ . ... - - - - - -- . . - ----- ~- -- -. - ~- -- 
Total creep ( pincheslinch) 

Relative degree 
Species of crystallinity At .3,000 At 6,000 

and wood type (70) irincliralinch pincheslinch 
- - -- - -- 

Norlllal wood 
Earlywood 1 58.7 

2 
3 57.9 
4 
5 
G 

C:ol~lprcssion wood 

I':arly\voud 

Average 

[,atewood 

Average 61.1 

I .;~te>\\,oocl I 84 270 
2 110 250 
3 107 320 
4 63.7'' 167 23 1 
5 104 

.- 
290 

Average 114.4 272.8 
~ ~ ~ ~ 

:$ Tf~tnl creep is defined in this \tndy as the amount of glastic d~.formation orcurring above initial elastic strain of 
,'3,000 o r  6,000 uinchesfinch at the end of the 60-min period. 

', H,~wd 11110n one X-ray wan. 
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'I'AHLE 1. Continued 
~ -~ -- - 

~ 

-- 

Total creep ( &inches/~nch ) 
Relative degrrt, - ~~ -- -- . -- - 

S g t ~ i c \  of crystallinity At 3,000 At 6,000 
.mtl \\ood type ( W )  fiinches/inch flinches, inch 

- . - .- - - - .  - -  -- - -- 

\\'es tern hemlock 

Normal n~ood 
Earlywood 1 217 427 

2 58.5 192 39.1. 
3 55.8 177 454 
4 167 

- -- 
407 

hve~.agc> 57.2 185.8 320.5 

1,atewood 1 298 494 
2 254 393 
3 55.4 220 440 
4 54.0 230 480 
5 527 
6 

- 
510 

. 

rZverage 54.7 250.5 474.0 
~ ~ ---. ~ ~- -- 

crystalline rnaterial resulted front stepwise 
delignification of slash pine \vood (Pinus 
elliottii Engclm.) (Nelson 1961). On the 
other hand, a reduction in the ('101) and 
(107) peaks' intensity for Douglas-fir was 
reported by Chow (1969). Accordingly, it 
\vould seem erroneous to state that the 
delignification process would on1 y increase 
the degree of lateral order without taking 
into consideration the possible lattice dis- 
tortion in the fibrils ( RBnby 1958). 

It is anticipated that variation in relative 
dcgrecs o f  crystallinity of wood tissuc,s 
would influence the nlagnitude of creep 
response. Simple regression analysis with 
the least squares method fit was conducted 
to establish a mathematical 1nodc.1 that best 
represents the degree of association between 
total creep ( Y )  and the relative degree of 
cell- all crystallinity ( X ) ,  as cxl)ressed by 
crystallinity index. The models arc as 
follows: 

( A )  Strain level samples : 
I' = 1159.3 - 16.5 X 

SEE = 38.6 
( 1 )  

r = 0.82* 
N =  34 

* Significant at the 0.5% level 

( R ) Strain level samples : 
I' = 2580.5 - 36.0 X 

SEE = 115.4 
( 2 )  

r = 0.72" 
N = 34 

Equations ( 1 ) and ( 2 ) ,  along with Figs. 
3 and 4, indicate that the magnitude of 
total creep is in\rersely related in a linear 
manner to the relative degree of cell-wall 
cryst:~llinity. 

According to the generally acccyted 
fringed fibrillar model for the supennolecu- 
lar arrangemerit of cellulose chains, ~r~icro- 
fibrils are considered to be large, impt>rfect 
crystals, separated along their peripheries 
by noncrystalline regions (Hearlc 1958, 
1963). Consequently, the relativi: tlegree 
of cell-wall crystallinity should logically af- 
fect the magnitude of total creep of wood 
tissues. As a. result of this investigation, 
relative degree of cell-\vall crystallinity, as 
expressed by crystallinity index, is shown 
above to contribute up to 67.2 and 51.8% 
( r 2 )  of the total variability in creep response 
under strain levels of 3,000 and 6,000 
,uincl.~es/inch, respectively. 

If the well-ordered ( crystalline ) portion 
of the cell  all is relatively predominant, 
wootl tissues exhibit high level of resistance 
to the creep-inducing stresses in tension 
parallel to grain, thereby minimizing de- 
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:3 Sitka aprllce earlywoocl 
A Sitk;~ sl~~-rlcc. latcwoocl 
+ \I'c.stvri~ 1lc.1trlocli early\\ ood 
4: \5'c.stcl.n Irc~lrrlock l;~tc\\ ood 

1"rc:. 3. Itclationship I)c.t\vc,c~l total . : I - :>I>~  ( Y ) 
,tnd relative. deg~.cc> of cryctallinity I S )  at a 
constant loud corresponding to initiill strain of 
3,000 ,ui~~clie> !incl>. 

vc>lopn~ent of cscc~ssi\le crc8ep c1cto1.m~ '1 t '  1011 

(Figs. :3 and 4 ) .  The clispersion arollnd thc 
regrc~ssion lines in Figs. :3 and 4  indicates 
that cell-wall crystallinity is not the only 
\,arial)lc affecting c.rec,p response of' \voocl 
tissues. It has 11cc~im slio\\n by tl~c: authors 
in a prcvious studj. that microfibril a11gle 
also contributcs substantial1y to variation in 
total creep ( El-osta and \\'ellwood 1972). 
In tldditioi~, i~iicrofibril angle and Crl \tiere 
found to 1)e high1 y correlated. 01 her vari- 
al~lcs testcd nrerc. specific gravity ;ind ex- 
tractivc.~ contcnt of thc c.c.11 wall (El-osta 
1971). 

I11 (leveloping a regression model that 
represents the 1)est relationship between 
creep and the independent varial~les noted 
(inicrofibril auglc, CrZ, specific grnvity, and 
cutr:ictivc,s content), it was founcl that CrZ 
could Ile used in the model iiisteacl of 
microfibril angle but n.ith about 10% re- 

I , , , , -  A~---, 

s .  

R E L A T I V E  l l E G R E E  O F  C R Y S T A L L I N I T Y .  P E R  C E N T  

Vie. .4. Relationship between total cleel) ( Y )  
, ~ n d  relati\,c degree of crystallinity ( X )  ,rt a 
constant load corresponding to initial itr-tin of 
6.000 pinches/inclr. See Fig. 3 for legcntls. 

duction in the A' values. Detailed $tati5tical 
trc'xtments of the remaining indepei~dent 
variables, and the regression models includ- 
ing '111 variabl(>s, are now in preparation 
and \tiill appear in a later public,,ition 
Furthr.rnmore, 111e nature of the high cor- 
ielation 11etwel:n niicrofibril angle ,inti CrI 
is cllrrently under inve\tigatioii 11! the 
senior author, at the Wcstcrn Fore>t Prod- 
ucts L,aboratory, Vancouver, B.C. 

CONCLUSIONS 

From the results of this investigatio~l. the 
follo~ving conclusions are warrailtetl: 

1. ITnder constant temperature (73 f- 3.5 
F) and rclative humidity (50  5 2% ) 
conditions, total creep responscL of 
1)ouglas-fir normal and coinprclssion 
\\rood, ant1 norinal wood of Sitka spruce 
and western hemlock is significantly 
affected 1 ) ) ~  the relative degree of cell- 
\\.all crystallinity, as expresscd by 
crystallinity indcx. 

2. Cell-wall crystallinity contributcs up 
to 67.2 and 51.8% of thc total variabil- 
ity in creep response under constant 
load corrcsponding to a giver] cleforma- 
tion of 3,000 and 6,000 pinches,/inch, 
respective1 y. 
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