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ABSTRACT 

Fivc* constructions of so~~t l icrn  yellow pinc plywood, unidirectionally la~ninated vcneer, 
and loblolly pin(, solid wood were nsed for investigation of hygroscopic properties at  
scvrral RH conditions. EXlC valnes of the southern yellow pine plywood. between 2074 
HH ant1 90% HH were approximately 1% lower than corresponding values of loblolly 
pine solid wood. Rlost ldywood panels shrank less along the face grain than across. From 
water-so;iked condition to aho~i t  4.5% MC, thickness shrinkages of plywood varied fro111 
7%. to 9% while length shrinkages were always less than 1% except for %-inch, 4-ply 
plywood. The ratio of number of glue lines to plywood thickness influenced thickness and 
vol~une shrinkage. Plywood with a higher ratio had a tendcncy to shrink less. FSP values 
\\.ere detcr~llined I)y t \ \~o intersection point methods-one with \~ol~in~etr ic  shrinkage, the 
other with RIOE. The respective approximate FSP values wcre 28.7% and 27.3% XIC 
for plywood, and 31.OC/r :und 27.5% for solid wood. 

K(,ytc;orcls: Southern yellow pine, Pin~rs  s ~ ~ p . ,  Piiius taedu, ply\vood, la~lliliatecl veneer, 
moistrirc rc.lations, eq~~ i l i l~ r ium moisture content, fiber saturation point, shrinkage, modulus 
of elasticity. 

S o ~ ~ t h e n i  yellow pines provide the raw 
material for approximately 30% of the soft- 
wood ply\vood manufactured in the U.S.A. 
Plywood, like solid wood, is a hygroscopic 
material and readilv absorbs or releases wa- 
ter, tiepending on moisture content, in re- 
latio~l to surrounding humidity and tein- 
perat ure. Physical and mechanical 
propc,rties of plywood are affected by mois- 
t~ii-e b e l o w  fibcr saturation point (FSP). 

Choong (1969) and Yao (1972) de- 
termined FSP of southern yellow pine solid 
1\7oocl by  the intersection point method 
of volumetric shrinkage. They found aver- 
age FSP values to range from 26 to 32% 
inoisturc content ( MC) . 

Pl>~wood is anisotropic in both shrink- 
qge and strength characteristics. Generally, 
plywood shrinks most in thickness and 
Icnst ill thc direction parallel-to-face-graiil 
( length ) . Shrinkage of plywood varies with 

' Tl~ i s  research was supported hy RlcIntire-Sten- 
nis funds, Project 915 of the Alabaina A g r i c ~ ~ l t ~ ~ r a l  
Expvriment S to t io~~ .  l'he ;il~thors cxpress gratitude 
to hlr. Charles Hamilton, l~lywoocl 111ill manager 
of Scc~tch L ~ u n h r r  Co., Fulton, AL for fabricating 
all exl)c.ril>irntal ldywood panels. 

ply arrangement, ply thickness, number of 
plies, as well as with species and density. 
For practical purposes, thickness shrinkage 
of plywood made from rotary-cut veneers 
is equivalent to radial shrinkage of solid 
wood ( U S .  For. Prod. Lah. 1955). 

Specific objectives of this study were: 

( 1 )  to determine and compare the di- 
n~ensional changes of several constructions 
of southern pine plywood with changes in 
moisture content below FSP; 

( 2 )  to establish the relationship be- 
tween eql~ilibriunl nloisture content (EMC:I 
and relative huinidity (RH)  for southern 
pine plywood; 

( 3 )  to establish the relationship be-. 
tween volumetric shrinkage and moisture 
content for southern pine plywood; 

( 4 )  to deterlniile the FSP of southern 
pine plywood by the intersection point 
method of volumetric shrinkage and by the 
method based on the relationship between 
moisture content and elastic properties; and 

(5 )  to compare hygroscopic properties 
of southern pine plywood and loblolly pine 
(Pinus taeda L. ) solid wood. 
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IiYCHOSCOPICITY O F  SOUTHERN PINE P1,YWOOD 

RELATIVE HUMIDITY, % 

. 1. Adsorption cnrves for southern yellow pine plywood and loblolly pinc solid 
is the averagc of 120 observations for plywood, 12 observations for solid wood. 

woad. Each 

MATERIALS All veneers were selected to exclude visible 
,411 plywood panels used in this study defects and were bonded with a commer- 

were fabricated in a plywood mill from ro- cial extended phe~lolic resin at a spread 
tal y-cut veneers of southern ycllow pine. rate of 90 lb/MDGL (1,000 square feet of 

T h i c k n e s s  Number o f  
( i n . )  p l i e s  

C o n s t r u c t i o n  
( i n . )  

H o t  p r e s s  t i m e  
( m i n . )  

a H o t  p r e s s  t e m p e r a t u r e  was 310"  F a n d  p r e s s u r e  was 200 p s i  f o r  a l l  p l y w o o d  
c o n s t r u c t i o n s .  

U n i d i r e c t i o n a l l y  l a m i n a t e d  v e n e e r .  
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TABLE 2. Percentcige shrinkngc of touthern pine plyaood.' 

DIRECTION 
 CONS^ RUCTION OF SHRINKAGE PERCENT SHRINKAGE AT INDICATED MOISTURE  CONTENT^ 

318" 3 - p l y  plywood 
MC(%) = 4.70 7.65 10.64 13.93 16.05 19.91 

Thickness 8.30 7.55 6.52 5.03 3.90 2.41 
Width 1.54 1.39 1.19 0.97 0.86 0.61 
Length 
Volume 

112" 4 - p l y  p l ywood  
MC(%) = 4.83 7.77 10.51 13.55 18.01 20.81 

Thickness 7.85 7.23 6.26 4.90 2.99 1.74 
Width 0.41 0.31 0.23 0.19 0.08 0.05 
Length 1.81 1.66 1.56 1.35 0.97 0.70 
Volume 9.89 9.05 7.93 6.36 4.01 2.48 

3/4' 5 - p l y  plywood 
MC(:,) = 5.00 8.23 10.95 14.79 17.65 21.14 

Thickness 8.12 7.32 6.38 5.05 3.68 2.34 
Width 1.12 1.00 0.90 0.71 0.63 0.47 
Length 0.63 0.45 0.40 0.30 0.18 0.14 
Vol ulne 9.72 8.66 7.59 6.01 4.46 2.94 

112" 4-J& 
u n i d i r e c t i o n a l l y  MC(";) = *_. 7.52 .- 9.56 13.23 15.47 21.12 
l am ina ted  -- Thickness 6.94 6.36 5.63 4.26 3.47 1.57 
veneer -- Width 5.23 4.83 4.15 3.06 2.40 1 .OO 

Length 0.25 0.13 0.11 0.09 0.07 0.03 
- Volume 12.03 11.00 9.65 7.27 5.85 2.58 

a Each va lue  i s  an average f o r  12 specimens. Shr inkage a t  each c g u i l i b r i u t n  c o n d i t i o n  was crpres:ed a s  
perc~:rltage of d imension a t  soakcd c o n d i t i o n .  

dou1)le glueline). Arrangement of plies and 
manufacturing conditions of panels are 
listed il l  Table 1. Speci~nens of 4-ply, 'A 
inch, unidirectionally lan~inated veneer and 
.lir-clry lo11lolly pine solid wood strips with 
the \ame thickness were included for com- 
parison with plywood. 

Flexural speci~nens of plywood and lami- 
ated veneer were prepared according to 
ASTM standards D 3043-72, incthocl A 
( ASTI1 1974). One set ( 12 specin~ens) was 
cut wit11 face grain parallel-to-span, the 
other set with face grain perpendicular-to- 
spair. Twclve solid wood specimens were 
cut %-inch thick, 2 inches wide, and 14 
inches long. All specimens were used for 
l~otll lneasuring diinensional changes and 
determining the modulus of elasticity 
(AlOE). 

Specilnens of each construction of south- 
ern pine plywood, unidirectionally lami- 
nated veneer, and loblolly pine wood were 
conditioned in a corltrolled temperature- 
humidity chamber. To attain the preas- 
signed sequence of moisture content of 
approximately 4, 7, 10, 13, 16, and 1991, 
specimens were conditioned at the following 
sequence of relative humidities of 21, 43, 60, 
78, 86, and 892'. The control chamber was 
maintained at a dry bulb temperature of 80 
F except for the first condition, where tern- 
perature was 94 F. This exception was nec- 
essary because it was in~possible to obtain 
the 21% RH at 80 F in this control chamber. 

\\'hen specimens reached equilibrium 
weights at the First condition (21% RH, 94 
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glue lines 
3/818 3-ply plywood, (- = 5.3) 

glue lines 
1/211 3-ply plywood, (-= 4.0) 

lue lines 
0 I& 4-ply plywood, (' thickness = 6 .o) 

glue lines 
5/811 5-ply plywood, (-= 6.4) 

glue lines 
3/4" 5-ply p l y ~ o o d ,  (- = 5.3) 
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FI~:.  2. Relation between moisture content and thickness shrinkage of southern pine plywood. 
E:wh point is the average of 12 observations. 

F ) ,  they \yere tested noi~destrl~ctively in 
Ixmcling according to ASTM standards D 
3043-72, inethod A (ASTRII 1974). Solid 
wood was tested in bellding with 12-inch 
span. Dimensions were measured at the 
middle section of each specimen and 
weights were recorded. Afterward, all 
specimens \yere reconditioned to reach 
eiluilibrium weights at the next higher RH 
condition and retested. Finally, all speci- 
mens were soaked in water for 48 hours 
a ~ l d  retested in the soaked condition. 

Equilibrium moisture content at each 
condition was expressed as percentage of 
()\.en-dry weight. Shrinkage at each equi- 
1il)rium condition was expressed as per- 
centage of climalsion at the water-soaked 
condition. 

RESIJLTS ANI) nIscussro~ 

The relationship between RII and EMC 
of both southern pine plywood and lob- 
lolly pine solid wood had a sigmoid form 
as shown in Fig. 1. The curve for plywood 
was based on average values of five differ- 
ent constructions. Average densities were 
0.60 g/cm" for plywood and 0.54 g/cmVor 
solid wood. Ikcause of included resin, high 
temperature, and densification of veneers 
during fabrication, ply\vood had somewhat 
lower EMC values than solid wood at the 
same RH condition. 

Shrinkage in three linear directions 
(length, width, and thickness) and in vol- 
ume of plywood and linidirectionally lami- 
nated veneer is presented in Table 2. 
Shrinkage along the face grain (length) 
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3/~" 3-ply plywood, (E = 5.3) 

A 1/2" 3-ply plywood, (-.= 4.0) 

0 l/znl 4-ply plywood, (e = 6.0) 
lue lines 

5/8' 5-ply plywood, = 6.4) 
Iue lines 

W" S - P ~ Y  plywood, (fhicknesS = 5.3) 
0 A  

0 
0 5 10 15 20 25 X 

MOISTURE CONTENT, % 

FIG 3. Relationship between moisture content and vollimetric shrinkage of southern pine ply- 
wootl. Each point is the average of 12 ohscrvations. 

was generally less than shrinkage perpen- 
dicular-to-face grain (width) in most con- 
structions of plywood. Exceptions were the 
Yi-inch, 4-ply plywood, where the difference 
was reversed, and the "k-inch, 5-ply ply- 
\voo(l, which exhibited a nearly equal 
shrinkage in length and width. The unidirec- 
tionally laminated veneer, as expected, was 
especially stable along the face grain, but 
shralik more in width than any plywood 
construction. 

Thickness shrinkage for all constructions 
of  plywood is shown in Fig. 2. An investiga- 
tion was made to relate shrinkage to the 
ratio of number of glue lines to plywood 
thickness. Duncan's ml~ltiple range test was 
used to determine the significance of dif- 
ferei~ces among all plywood constructions. 
Thickness shrinkage of W-inch, 3-ply ply- 
wood (with a ratio of number of glue lines 
to thickness equal to 4.0) was significantly 
higher than any other plywood construc- 

tion at 5% level. On the other hand, %-inch, 
5-ply plywood (with a ratio of number of 
glue lines to thickness equal to 6.4) shrank 
significantly less in thickness than any 
other plywood construction. Therefore, ply- 
wood with a higher ratio had a tendency to 
shrink less in thickness. 

Relationship between vohimetric shrink- 
age and moisture content of plywood is 
shown in Fig. 3. The ratio of glue lines to 
plywood thickness also influenced volumet- 
ric shrinkage; the higher this ratio, the 
lower the shrinkage. This suggests that 
glue lines have restrained volumetric 
shrinkage. The combined linear regression 
between volumc>tric shrinkage and moisture 
content of all plywood constructions was 
calculated based on the 30 points shown 
in Fig. 3. 

Determination of FSP was made by two 
independent intersection point methods 
(Wilson 1932; Wangaard 1957; Stamrn 
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MOISTURE CONTENT, Sb 

Frc:. 4. I>etern~ination of FSP value of southern pine plywood by two intersection point lnethods 
using logarithm of MOE ( Y ,  axis) and volunletric shrinkage ( Y 2  axis). 
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FIG. 5 .  Determination of ESP value of loblolly pine solid wood by two intersection point rneth- 
otls using logarithm of hlOE (Y1 axis) and volurlletric shrinkage (Y ,  axis). 
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1971); one using voll~rnetric shrinkage, the 
other R4OE (with face grain parallel-to- 
sp:un ) . FSP values of plywood determined 
lly these two methods are shown in Fig. 4. 
The regression line for MOE was calculated 
in the san~e  way as that for shrinkage. 
FSP values of plywood, determined by 
semi-logarithmic plotting of MOE vs MC 
and \.olun~etric shrinkage vs MC, were 
28.7% and 27.3% hlC, respectively. FSP 
values of loblolly pine solid wood were 
31.0% and 27.5% MC as shown in Fig. 5. 
As expected, solid wood values slightly ex- 
cecdetl plywood values. 

SUhIXIAlIY AND CONCLUSIONS 

1Zel;~tionship between RH and EMC in 
adsorption was established for southern yel- 
low pine plywood and for loblolly pine 
solid wood. EMC values of plywood be- 
tween 209 HH and 90% RH were approxi- 
mately 15' lower than corresponding values 
of loblolly pine solid woocl. Shrinkage in 
thickness of plywood from the water- 
soakctl condition to about 4.5% MC aver- 
aged from 7g to 9%. Most plywood panels 
shrank less along the face grain than across. 
\faxinuurn shrinkage along the face grain 
of plywood, fro111 water-soaked condition 
to allout 4.5% hlC, was found always to 
be less than 1%. The '8-inch, 5-ply plywood 
construction showed minim11111 differential 
shrinkage lletween the two surface direc- 
tions. 

The ratio of number of glue lines to the 
thickness of plywood influenced percentage 
shrinkages in thickness and volume. A high 
ratio caused low shrinkage, which indicates 
a restraining influence of glue lines. 

Average FSP values of southern pine ply- 
wood, determined by two intersection point 
methods, were 28.7% 'rand 27.3% MC. FSP 
valucs of loblolly pine solid wood de- 
termined by the same two methods were 
31.0% and 27.5% MC. These FSP values for 
solid wood agree closely with published 
val11e5 ( Choong 1969; Yao 1972). 
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