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ABSTRACT. Ten 6-inch trees from each of 22 species were sampled. Differences in EMC
occurred at 85 and 71 percent RH but not at 50 or 25 percent;: there was essentially no
difference between sapwood and corewood. Radial shrinkage varied from 4.1 percent in
water oak to 8.0 percent in hickory, while tangential shrinkage varied from 7.9 percent in
sweetbay to 12:2 percent in hickory. For volumetric shrinkage, 61 percent of the variation
was accounted for by SG; the relationship was linear. The apparent fiber saturatlon pomt»
varied from 28.1 percent Tor green ash to 33.1 percent for white oak.

THE LITERATURE reveals voluminous data
on the hygroscopicity of wood (Stamm 1964,
Kollmann and Cote 1968), particularly in
relation to dimensional change. The Wood
Handbook (U.S. Forest Products Laboratory
1974) presents species averages for many
domestic woods. In southern hardwoods,
however, only a few studies have been made
on the variability within trees (i.e., Erickson
1949 and Barefoot 1963 for shrinkage in
yellow-poplar), and species comparisons are
not available.

We determined, therefore, to systematical-
ly sample and compare sapwood and core-
wood 6 feet above ground in 22 species of
hardwoods. Data were taken on radial and
tangential shrinkage and equilibrium
moisture content (EMC) at various relative
humidities (RHs). The species selected repre-
sent about 95 percent of the hardwood volume
occurring on southern pine sites; in Tables 1
to 3 species are ranked in order of decreasing
volumes, with sweetgum representing 21
percent and red maple and those below it
representing 1 percent each. These species are
currently of great interest as industry, faced
with potential fiber shortages, attempts to
find economic uses for wood hitherto regarded
as largely unmerchantable.

Experimental Procedure

Sample Preparation

Since hardwoods on pine sites are typical-
ly small, sampling was restricted to trees 6
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inches in diameter at breast height (DBH)
For each species, 10 trees were obtained fron
throughout that portion of the range occurring
in the 11-state area extending from Virgmla t
eastern Texas.

A cross-sectional disk was cut from eacl
tree at a distance of 6 feet above ground. A:
portions of the disk were required for othe
studies, a wedge-shaped section was removed
airdried, and allocated for present purposes
Cylindrical samples approximately 5/8 incl
in diameter and 1/2 inch in length were taker
from the wedge at locations near the bark anc
near the pith; cylinders were oriented paralle
to the grain of the wood. Radial and tangen
tial shrinkage were measured on eacl
cylinder. From most wedges at least one anc
sometimes two cores were extracted from eact
type of wood. The classification of “corewood’
was used because in some species the
heartwood could not be distinguished from th
sapwood on the basis of color.

Measurements

Samples were placed between blotters ant
were brought from air-dry to a fully swolle
state in 4 days by the gradual addition o
water. Their radial and tangential swolle:
dimensions were determined to 0.001 incl
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TABLE 1, — EMOs fin percent) of varicis herdwood species at two rominal RH condifions,

Vilues in parentheses are coefficients of varietion %),

Sp}jc‘ies

Sweetguwm {Ligiidamber stvraciflua 1)
Hickory (Caryva appt

Black tupele (Nwvssa sylvatica Marsh)
Post oak (Quercus atellote Wangenh.)
Southern red oak (§ faleate Michx.)
Water oak (G, nugra o}

White vak (&, alba 1)

Yellpw-poplar {Lirtodendron tuliptfere L
Sweethay (Mognalln virginiona 1.
Black oak (& veletine Lam,)

Cherrvhark ouk (6. falvara var, pagodaefolia EIL)

White ash (Frexinus americana L)
Green ash (F, pennsyivanica Marsh.)
Hed magple (Acer rubruwm Lo
American elm (Ulmes americana 1.0
Winged elm (U, alote Michx.)
Huckberry {Celis spp.)

MWarthern red oak (&, rubre Lo
Scarlet oak (6. coccinea Muenchh,)
Shumard aak (). shumardii Buckl)
Laurel pak (@, lewrifolic Michx.)
Blackinck ook (& maridlendica Muenchh.}

Crhservations a0 HH Tiwm R
Al 180 (2.8) 124 (2.1
" 16.8 (4.5) L2.& (a1}
17 iR.1 (3.2 12.2 11.9)
34 18.9 (2.1} 124 (1.
37 174 (1.5) 12.2 (2.4}
33 17.6 (2.1} TLR (25)
a0 18.5 (1.9} PR
i 17.6 (1.58) 140 (1.5
B 178 (1.9 11.8 (1.8
H 17.9 (LR} 11,59 42008
J1 15,2 (2.8) 2.0 (2.5)
a8 18.2 (2.5) 122 (2:2)
30 182 (2d) 11T (L.E)
an 17.6 (1.7} 12.0 (2:8)
37 183 (2.6) 120 (2:4)
a7 18.6 {2.8) 121 (2.1)
al 17.9 {3.1) 120
25 17.5 {30 1.4 (3.0
47 17.0 {2.3) 114 {20
33 17.2 (2.8) 117 {265
15 17.9 (1.H) 12.0 {2:2)
L] 1B.2 (2.H) 12,1 (2.4

with calipers. The samples were then placed
ingide an environmental chamber at 105°F
dry-bulb temperature and nominal 85 percent
REL. A porthole in the chamber door allowed
samples 1o be taken out and measured with
minimum disturbance of Lthe controlled en-
vironment. At equilibrinm the weight of each
sample was determined to 0001 g, and radial
and tangentinl dimensions were measured
This procedure was repeated {or nominal Kls
of 71, 50, and 25 pereent at the ssme dey-hulb
temperature. The samples were then oven-
dried, weighed, and measured.

Following shrinksge measurements, the
samples were placed in desiceators, evacuated
fur several hours, saturated with distlled
water, and subjected o alternating vacoum
and atmospheric pressure reatments until no
more  air bubhles could be detected, The
gpecific gravity was then determined by the

muximum-mmsture-content method  (Foge
LUBET).

Results and Discussion
EMC

Analysis  of  wvamance indicated  that
apecies did not differ significantly in EMC at
the twe lower HHs, At 25 pereent BRH, EMU
averaged 5.0 percent for all species with
coefficient of variation of 3.4 percent, and at

40

a0 percent BH it averaged BS5 percent with
coefficient of 2H percent. Since there were
significanl species differences (005 level of
probability) al 85 percent RH and 71 percent
HH, Duncan’s multiple range test was applied.
At 85 percent RH, species differences of 1.4
percent or more were significant, and scarlet
nak contained significantly less moisture then
did white ozk, winged elm, hickory, and post
nak, while Shumard ocak contained less
mupigture than did hickory and post vak (Table
11 AL 71 percent RH, species differences of (14
percent or more were significant; for example,
hickory contained significantly more moisture
than did all species except sweetgum, while
searlet vak contained less than all species
except Shumard oak and green ash. Coef-
ficients of variation among samples of a given
species  were  generally  small. Varianes
analvses indicated no sipnificant difference
between  sapwood  and  corewood and o
species ¥ wood-type mmteraction. When species
were anslyzed separately, however, EMU of
corewood  avernged significantly  less than
that of sapwood in yvellow.poplar (11.9% and
12.1%) and in Shumared oak (11.5% and L1L.8%)

Specific Gravity (SG) and Shrinkage
Species average values for SG and totsl
{green  to ovendry) radial and tangentisl
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TABLE 2 — dwvercge velues of specific grovity G, radial shrinkoge (Sn) and tangentio! shrinkage fS1) dr

sapwood and corewood of various hardwood specios.

o Sapwood Corewond Combired
Ohaer- _ . (hser- _ _ Orhser _ e
Species vations 3 Ss Sy wations {7 S 8¢ wvations  Su 5y
— i) — —{R— —{%}
Swestgum 15 0.466 5.1 0.0 15 T [ b2 105 a0 o 0.3
Hickory 18 0.7491 2 12.2 17 (.786 74 12.1 36 B 12.2
Elack tupele 11 493 4.9 q.a i (A9 b 113 17 oE 104
Faost oak 17 0718 6.1 10,2 17 0718 b LD a4 6.3 11.1
Sputhern red oak 2L (r.634 a.6 1L 16 (.61 5.7 120 37 o.6G LA
Water oank 20 (0.604 34 100 13 503 43 11.0 Al 4.1 10,5
White oak 15 0.7 fi.h 114 14 013 T.1 12.8 an 6.5 120
Yellow-poplar 18 D398 46 B3 13 0393 4.2 g4 32 44 8.4
Sweathay 21 0.435 4.2 TH 14 0435 41 8.0 34 4.2 Ta
Black oak 16 (.666 bl 1008 15 0657 5.2 11.1 A b1 0.7
Cherrvbark oak 14 (LE46 52 11.2 12 632 n.2 117 41 5.2 1L5
White ash 18 4% fi,1 92 14 0631 £i.01 "4 38 fi.l 4.1
(Green ush 20 0a61 4.0 LX) 19 [1.555 5.7 5.8 a9 adi 8.7
Fed maple 17 0.ED2 4.2 BB 13 [1.A78 4.5 9.2 a0 4.5 8.1
American &lm 21 1538 al 105 1] 0532 6.0 I1.1 37 hb 108
Winged £lm 19 .64 h2 1032 18 0.640 hd 99 ar o2 JUiRL
Hackberey L& 0.536 4.5 a3 15 (1.520 4.8 9.5 a1 4.5 4.4
Maorthern red cal 14 0652 4.7 105 11 R Ol 11.5 25 49 11.2
Scarlet oak 20 643 0.2 104 17 Q62T a1 12.3 T 4. 11.6
Shumard oak i 1,788 4.5 1L 16 {.TRE 02 11.2 34 a4 11.1
Luaurel vak 19 0613 4.4 10.7 16 0.B0E A4 1016 a0 4.5 106
Blackiack oak 13 (694 4.4 AR 4 676 s HR ] 24 59 9.4
U Shrinkage measurements were made on samples resonked from an r!_ir-drr.' condition. o
shrinkage of sapwood and corewood are | | '
presented in Table 2. Shrinkage was computed SWEETGUM | I |
from green dimensiong, With the exception of — | l I
white ash, green ash, and American elm, the r\_ N
average radial and tanpgeniial values agree WUTEE RER ._|_|
r H = 1 _f
closely with those presented in the Wood Py Ty |
Handbhook (1.5, Forest Products Laboratory )
1974 Figurs 1 illustrates the wide range of NORTHERN WED DK ; _|_—[_~_
values within and among species. For core R — — |
wood and sapwood samples combined (Table Jen T—
L differences of 0.6 percent or more 1n radia e T i i [
21, diff £ 0.6 percent dial z T S A
4 ] i

shrinkage were significant. Shrinkage was
leasl—t.1 to 4.5 percent—in water oak, sweet-
bav, vellow poplar, red maple, laurel cak, and
hackberry. 1 was greatest in hickory (509,
white oak (6.8%), and posl oak (B.3%), White
and post osk shrank more radially than did
the nine red caks.

In tangentinl shrinkage, differences of 0.4
percent or more were significant. Sweethay,
with 7.9 percenl tangential shrinkage, dis
plaved statistically lesz shrinkage than all
species except vellow-poplar. The ashes, ved
maple, blackjack vak, and hackberry, ranging
from 2.7 o 9. percent, were next lowest and

WOoOoD SCIENCE Vol 9, Me. 1

SHAIHNEAGE (Wi

Figure 1. — Ranges of radial and tangent
shrinkape values for representative species,

not significantly different from each oth
Hickory (1224, several naks, and Amerie:
elm (10.68%) shrank most

5G lended to be lower—and shrinka;
aecordingly  less—in  corewond  than
sapwood, In white oak, American elm, ai
blackiack oak, however, cotewnod shrinka




significantly exceeded that of sapwood 10 both
the vadial and tangential directions, Tt was
greater in the tangential direction only in
black tupele, water oak, southern red oak,
black nak. scarlet ocak, and northern red oak,

Reasons for these exceptions are not
known, wvisual inspection of the samples
revealed no evidence of collapse, Erickson
(18491, however, indicated that wood near the
pith of yellow-poplar samples shrank more
than would be expected from the normal
relation to 20,

Percent volumetric shrinksage (5 can be
computed  with closs approximation (Skaar
1972y from radial (Sx), Langential (87, and
longitudinal {50 shrinkage as fallows:

v Na I‘ST‘ S;__{{J.“].][S}e il L"..‘:'j}

Since the values for S, and (00N Sl &) are
both approximately 0.5 percent, they tend to
cancel each other in the eguation and ap-
parent volumetric shrinkage can be expressed
as;
Sy = Su 48

The eorrelation  coetlicient between ap
parent volumetric shnnkage and S0 was 0.78;
Le, only Bl percent of the warnustion was
accounted for by variation in S0, For the 332

specics means, the regression eguation was
S=Ta00 136006, Kelsey  {1956)  reported
somewhal similar resulta for 131 species from
Australia. He obtained a correlation coeffi-
cient of 0.76 for the relationship between unit
volumetric shrinkage and basie density (g ec).
and the regression coefficient also was not
unity, L.e., the regression line did not go
through zero.

Fiber Saturation Point

The fiber saturation point—that MO at
which cell lumens are devoid of water but cell
walls are completely saturated—cannot be
determined exactly since there is no sharp
change in the MC.RH 1sotherm at thai point.
However, the shrinkage intersection point
tapparent Ober saluration point) was obtained
by plotting the linear pattern of volumetric
shrinkage apainst MC and extrapolaling this
line to zero shrinkage {Kelsey 19568, Wangaard
1957), Because the wood is likely fo be in a
stressed condition, the value for volumelne
shrinkage obtained at the ovendry condition
tends to deviate from a straight Line and 18 not
used in determining shrinkage intersection
points.  Consequently  only  the four  in-
termedinte shrinkage points were used in

TABLE 3 — Regression equations of the relationship between volumetric shrinkage (58,0 and moisture cortent

M) for parious Rardwood species, ond their interseciton points.

Intersection

Crorrelation point
Bpecies Regrission of S, on M cocflieient ] _—

Sweetpum LB.S10 = BBOTM ~(1, 506 A2.6
Hickory 20330 - DELTAM Lo J2.8
Black tupelo 15621 — 0.A00AD -1,909 .2
Puast ok 170028 - DATEMY =505 3.0
Southemn red ook 17210 - DA410M0 —{3. 155 L5
Water oak 14487 — D4760M) -0.995 1.4
White aak 18,491 - 0.A72iM —{1.599 33.1
Yellow-poplar 13,266 - 0.433dM} A3, 5 MEG
Swieethay 12073 - 04250 -0.998 28,1
Black nak L6267 - 008000} 95945 1.4
Cherrybark nak PA.Ga0 — 0540000 1999 1.2
White ash 1587 - 0LA%M) {154 204
Groeen ash 14805 - 0551 -0.956 26,1
Hed maple 14800 — JAaTTIMY —1.959 289
American elm 16900 - G.5510M) —1.9559 a0.7
Winged elm 10664 - DEE4MY =944 27.8
Hackberry 14.130 - DABRLIMY =989 244
Morthern red cak 16.543 - D.5471M) ~{3 BEi L.z
Searlet vak 17.012 - DA5GRM) £.9497 05
Shumard ouk 16,424 — 0.Aa%M =100 a2
[aurel oak 15254 - DaLWM =994 20.7
Blackjack nak =R 284

14,4491 - OAGTIM)
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VOLUMETRIC SHRINKAGE (5., %)

Figure 2. — Yolumetric
shrinkage as a function of
EMC in hickary (R=-1.000
and sweethay (R=0.998),

) S S 2 O |

HICKORY
Eys 200.33-062 M

SWELTDRAY
SyslZ07-0.42 M

L4 g 3 & ¢ 0. % 4 4 ok l.d

o

deriving the regression eguations listed in
Table 3. As shown by the examples in Figure
2, these points lie almost exactly on a straight
line. At Sy = zero, the equations {Table 3)
yielded the shrinkage intersection point. This
point was near 30 percent, ranging from 281
percent for sweetbay and green ash to 33.1
pereent for white pak. That the intersection
point is near 30 percent for all species
indicates that it is a hygroseopic property and
directly related to the fiber saturation point.

The elope of the shrinkage-MC curve can
be considered an indicator of dimensional
stability. A wood which exhibits a low slope
(e.g., 0.429 for sweetbay) would have high
stahility, whereas a steep slope (e.g., 0.617 for
hickory) would indicate low stahility. Slope is
also directly related to total green-to-ovendry
shrinkage. When species means for tetal
shrinkage were regressed on slope, the equa-
tion 8v=-3.34436.87 (slope) was obtained. The
correlation coefficient was 0.8%—an indicalion
that 79 percent of the variation was at-

5 ] IS 0 M. _ 3
EQUILIBRIUM MOISTURE CONTENT (M, %)

tributable to slope and only 21 percent to othe
fnctors such as variation in shrinkage in
tersection point.
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