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Studies on the Anisotropic Shrinkage of Wood and Bamboo
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Table 1. Deformation of Wood %  (by Keylwerth 1 )

Deformation Longitudinal Radial Tangential
0.2~2.0 0.5~2,5 1~10
Compression
Mechanical 20 (25) (100D
deformation 0.3~1.0 0.5~1.3 0.8~2.0
Tension
(45 (65) (100)
0.1~0.9 2~11 5~15
Swelling
Physical (5) (65) (100)
Thermally
elongation 0.02~0. 10 0. 26~0, 35 0.32~0.73
deformation (0°-100°c)
€[] (60 (100)
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Be=100— /(100 — B=)2cos2d + (100— B,)?sin?f------(1)
T Bo: xS ORI FRONERRYG, Ao Byt 23 X Oyl O IEE %
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sinf » cosf(By—f) %)
+/c0s26(100— B.)% +sin2f (100— B,)2 (
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B¢ : Tangential shrinkage, B.: Radial shrinkage,
B: : Longitudinal shrinkage
Fig 1. Stereographic projection of the anisotropic shrinkage of Hinoki-wood
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Table, 2, Degree of anjsotropic shrinkage and swelling in, the
transverse section of wood

8/ at/ P o
Specific . /ﬁr by J ap by Morath v ﬁtﬁ/ by
» - g
gravity | Forsaith ®” | Coniferous | Broadleaved | Mean, Mathewson 17
tree tree
0.3~0. 4 2.0 2,22 2.04 2.08 ‘} 3 68152
0.4~0.5 1.9 1.89 1.92 1.90
0.5~0.6 1.6 1.59 1.81 1.70 } 2. 26~1. 41
0.6~0.7 1.3 1. 41 1.75 1. 56
0.7~0.8 1.66 } 2.081.29
0.8~0.9 1.55
0.9~1.0 1.39 } 176128
1.0~1.1 1. 41 )
1.1~1.2 1.30
1.2~1.3 1.19

ag, a,: Tangential and radial swelling
B, Br: Tangential and radial shrinkage
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Table 3. Anisotropic shrinkage in transverse section of isolated

spring- and summerwood

Shrinkage
Species Sample R N
B % 1 B % ‘ B:/8-
S . - — RS | [ S — !
Sp. 0.1874.0. 015 4,41+0.45 ’ 1.20+0. 26 3.87+0.93
Sugi (A) | —on b
Su, 0. 57540, 057 7.16+0.35 I‘ 6.22+0.98 1.18+0.18
Sp. 0.19440.010 4,8140.43 2,1940.35 2.25+0.40
Sugi (B) - — A -
Su, 0.542+0, 073 6.60+0.59 ‘ 5.64+0,98 1.204+0, 22
Sp. 0.234+0, 014 4.66+0, 52 2,2640.29 2.07+0, 22
Momi e
Su, 0. 62240, 041 8.40+0.71 6.87+1.05 1.254+0,17
Sp. 0.24940, 019 6.2940.78 2.1240.32 2.99+0.35
Karamatsu
Su, 0.699.+0.044 | 9.81+0,49 7.2940.73 1.36+0.12
\

Sp. : Springwood, Su, : Summerwood, R : Specific gravity based on
oven-dry weight and green volume, B;, fSr: Tangential and radial shrinkage.
Specimens-number of a sample is 20,

BrxEo+Beado ...
B = 11400+E()2—0 Y
By (Ao+Eo) (Br1i+BraAo)+Ao(Ber—Be2) (Pi—EoP2) . ... )
(Aog+E)(1+A0)
Br (BerEo+BiaAd(A+A0) 6)

Br  (Ao+E) (Br1+Br2aAo)+Ao(Be1—Bez) (P1—EoPy)

I By Bri KM OYUIME L ONERIME %, Ber, Beo @ FHE LM « MO YIRS, Bris
po @ HE LR - M OLRINE %, Eo=E/E, (E,, E; : 5 L7-8k# - BH OB %
BO, Ao=(1-A)A (A:8MH), Py, Py: FHE LI « BHORT Y o TR HOERR
RF-—EROHMH « MM OBRBENH LRSI 7 < VDOV T IS BET 5o

Dl Eo#ER, Sin & BITHIH & OBIREEM « M OMMERE - 7 v Vi - IR - ARES
SRR T AR A NFEWNR IO T Eiv o —7, FEREBR LV BEM LM T ERORTY
BN AEE, Table 3 \iRk$ X 5 CEAELHREE TR T, Tibb, Hiicd STHRHORMRITK
&L, DA TL 4~1 8%, BRI T2 6~5.2(5Th 2o Fi:, BN KT 5IEERFELE
¥ T2.0~3.9, BKH TL2~1L4THD, BHLKM LD b bbB5 LWRHEART. £2°T, uT
DHE UM - MIC oW TR R D 5,

M ARAHOBEBBIHIRE & RGN

1. BAMASEARERE IR O BT IIH :
RO MBI REI BB A D £ » THe D2, SHER Tl OS2 90% & o, [
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Table 4, Ratio of tangertial or radial shirinkage (; or §) to
specific gravity (R) of the isolated spritig- and summerwood

Br/R B:/R Literature
Species ‘ .
Sp. Su, SE and Sp. Su, cited
Sugi (A, B) 1
Momi 9.5 10. 8 10.5 22.6 13.2 23)
Karamatsu
Douglasie
Kiefer
10.¢ 12.8 e 23.3 16.1 46)
Lérche
!
Tanne i

Sp., Su. : Spring- and summerwood
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Fig. 3. Schematic cross section of a springwood tracheid illustrating the shape of a cell (a) and

the deformation of tangential and radial wall in the case of shrinkage (b)
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Table 5. Relationship between the decreasing order of 8

and the increasing order of #

Summerwood Springwood
. Tangential Tangential .
Radial wall wall wall Radial wall

B (Sugi-A and -B, Momi,
11~17 > 7.5~12,5 > 6~8 > 3~5
Karamatsu) %

0 (Ichii, Sugi, Hinoki,
4~15 < 6~20 < 10~31 < 14~33
Akamatsu and so on 92 38))

B” : Shrinkage in the width of tracheid cell walls, @ : Fibrillar
orientation angle to the longitudinal axis in the central layer of the
secondary wall of tracheid cell
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Summary

1) The principal cause of anisotropic shrinkage in the transverse section of wood
are based upon the cell-wall structure. And the following factors in cell-wall structure
for the anisotropic shrinkage are indicated :

a. the microschemical structure of compound middle lamella in cell-wall

b. the microschemical structure of amorphous region in secondary wall

c. the fibril angles in central layer of secondary wall

2) The factors a and b in 1) are closely connected with the contained lignin in
cell-wall, And the effect of factors a and b upon the anisotropic shrinkage of wocd is
larger than the one of factor c,

3) The relation between factor a. and anisotropic shrinkage in transverse section
seems to be due to the restraint action of compound middle lamella for the shrinkage
of secondary wall in cell-wall, And the relations between factors b or ¢ and anisotropic
shrinkage seems to be due to the connections of these factors with the distribution of
active hydroxyl groups.

4) The secondary cause of anisotropic shrinkage in the transverse section of wood
are based upon the microscopical structure of wood, above all the volumetric proportions
of tangential and radial wall of tracheid in the transverse sectiom of spring- and
summerwood, the shapes of tracheid cell in the transverse section of spring- and
summerwood, the bordered pit in tracheid radial wall of springwood and the volumetric
proportion of wood ray in wood,

5) The cause of anisotropic shrinkage in transverse section of bamboo are based
upeon the microscopic structure, above all the proportion of bundle sheath and the ratio
of maximum width in radial direction to the ome in tangential direction of a vascular
bundle,



