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The Large Compressive Deformation of Wood in the Transverse Direction (II) *
Stress-strain Diagram with Increasing Loading Cycles

Yi-xing LIu™* | Misato Normmoto™® * * and Toshiro Morooka * * *
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The compressive tests with increasing loading cycles in the radial direction for sugi (Cryptomeria japonica) and
inuside (Carpinus tschonoskii) woods were carried out in three conditions: air-dry at 20°C, wet at 20°C, wet at 100°C.
The deformation in the tangential direction was either free or restricted.

In air-dry condition at 20°C, a large residual strain remainded after unloading above the yield point. The differ-
ence in the stress-strain diagrams with and without lateral restriction for sugi wood was slight, showing that most
of the radial compressive strain was absorbed by internal buckling of the cell walls. However, the diagram without
lateral restriction for inuside wood showed a lower yield stress and higher strain levels, This was related with the
Poisson’s ratio at large deformation.

In wet conditions at 20°C and 100°C, an almost complete recovery of strain was observed whatever maximum
stress level had been reached. However, subsequent loadings never followed the previous path and a new plateau
with a much lower yield stress was observed.

These results suggested that some ultrastructural damages in the cell walls by loading history occurred, although

there were no indications of the damages through SEM observation.
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Fig. la The compressive stress-strain diagram - Fig. 1b The stress-strain diagram with the later-
with increasing loading cycles for sugi al restriction for sugi heart wood in air-
heart wood in air-dry condition at 20°C. dry condition at 20°C.

The stress was applied in the radial
direction without the restriction of
tangential deformation. The continuous
and dotted lines indicate the loading and

unloading processes, respectively.
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Fig. 2a The stress-strain diagram without the Fig. 2b The stress-strain diagram with the lateral

lateral restriction for sugi heart wood in restriction for sugi heart wood in wet

wet condition at 20°C. condition at 20°C.
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Fig. 3a The stress-strain diagram without the Fig. 3b The stress-strain diagram with the lateral

lateral restriction for sugi heart wood in restriction for sugi heart wood in wet

wet condition at 100°C. condition at 100°C.
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Table 1 Yield stress oy and Young’'s modulus E for sugi and inuside woods obtained by radial com-

pressive tests with or without lateral restriction in three conditions.

inuside wood

. diti sugi wood
measuring condition
g O yi (kgf/cm?) | E (><102kgf/cm2) 0 yi (kgf/cm®) | E (Xlozkgf/cmz)
20°C, free 48.8 31.8 276.9 77.8
air-dry restricted 53.5 39.5 293.6 98.7
20°C, free 24.8 19.9 101.1 51.3
wet restricted 26.9 17.3 111.6 52.1
100°C, free 7.9 2.2 33.7 9.2
wet restricted 8.6 2.9 40.7 13.0
200 Fig. 4 The stress-strain diagram without the
- lateral restriction for sugi heart wood in
5- air-dry condfition at 20°C.
;8‘,100 a: untreated specimen, b: specimen with a
(e 20% strain history in wet condition at
100°C, c: specimen with a 50% strain his-
tory in wet condition at 100°C.
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Fig. 5a The stress-strain diagram without the Fig. 5b The stress-strain diagram with the lateral
restriction for inuside wood in air-dry

lateral restriction for inuside wood in air-

dry condition at 20°C.

condition at 20°C.



AMEIE - ¥ 5315 (1995)

500 |- 500 |-
®
400 400
1
o & ®
: e |
= 300 .T‘_) 300 :
) g of
i
e} @] L [
200 o o
o ) 't' | ,‘
100 ) A ;}/
1 ]
/Il // ’/'/
0 0 -7 "/"// 1 L
0 20 40 60
£ (%)

Fig. 6a The stress-strain diagram without the Fig. 6b The stress-strain diagram with the lateral
lateral restriction for inuside wood in wet restriction for inuside wood in wet condi-
condition at 20°C. tion at 20°C.

@
400 + 400 +
]
- - of
£ 300 E 300 1
2 S I
g s !
~ ]
© o % i
Tl
| 1]
!
100 100 ;#
)
/)
0 0 i
0 20 40 60

Fig. 7a The stress-strain diagram without the Fig. 7b The stress-strain diagram with the lateral

lateral restriction for inuside wood in wet restriction for inuside wood in wet condi-

condition at 100°C. tion at 100°C.
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Fig. 8 The relationships between the yield stress Fig. 9 The relationships between the yield stress
(o) and the strain (e ) in loading cycles (o,) and the strain (&) in loading cycles
for sugi wood in three conditions, air-dry for inuside wood in three conditions, air-
at 20°C (upper graph), wet at 20°C dry at 20°C (upper graph), wet at 20°C
(intermediate graph), wet at 100°C (lower (intermediate graph), wet at 100°C (lower
graph). Circles: without lateral restriction, graph). Circles: without lateral restriction,
Triangles: with lateral restriction. Triangles: with lateral restriction.
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Fig. 10a The stress-strain diagrams without the Fig. 10b The stress-strain diagrams with the

lateral restriction for inuside wood in lateral restriction for inuside wood in
wet condition at respective tempera- wet condition at respective tempera-
tures. tures.

AI1E, SHEOBELBMIIBITA e, I THeid, QDAIIBITA OFARThHL, 72721, 2@ED
BOR LB TE, 1EBICSZ7BRRKIEND 0, CES5TWRWOT, ek LT, o, llBIT5RIKROT
AuEHVz, Table 112, 41 X FH O SUERMICBILHRDS LB E L ZVEEDo,, L EXRL
TWwh, 20T - KERBEIZBWTIE, AFHMTIE, o, — e, o — e MERUEmMER L. WED
HEIZL ST, BEALERLRVD, FLe THNELE, WMEDHLEBEED o, 3DV KED ST 4
X YT TR, WROHDLEE, o, — e & 6 — e KIIFE LEAER LD, HEOEWEE, o,lde
OWRIZEINVBEAOTPICHERT LD, ZOBITEAEEILLERD 572, 20C TREIRFED & B KIRFEIZ
AT HE, 0,220 THE, AFHICHN, 41X FHTETHAKRE L, EIZ20WTid, #IZAFHT
BKTFAKEDPo7, edMWRTLHE, 200 - KRERETOERERELD, o, IVThOBETY 28U
W Llze T2, MROAEDEL, WTNOBETIHLTNTHo7, 100C « faKKEIZBIT S0, 12
DT, 20T - BAKIKEEDG A L FRk, 20C - REKEEIC BT A EL S OERTOEER, 1 X FHMT
K&, EQRTEER, AFMTRELo, e WRTHE, 20T - BUKIREEDBE EFEH, T
DOBFETH, o, TBBIZED L2, 72, WROFEOEE, IEALEOONLED o7,

Fig. 10a, 10b{2, 4 X ¥ FHIZDOWT, fAKIRBIZBIIAWEDHLEELLRWIEED o — e HITK
ETTEREOEELRLTVE, BEOFEFIIH-T, o4 EEBIIRECED L, Bl AEODH
BIBAD20, 40, 60, 80, 100TIZHBITD a4 1E, #RFN93.7, 80.9, 48.9, 38.9, 26.6kgl/cm”Td 72,
o, DIETR, WEOFEIILPDLLT, 40~60CDEMTRED 72, MEDEFEIIOVWTo — e H%
HET AL, eD20%UTOEEBTE, WTFNORERBIZBWTY, MEIZLEN—FLD, «H20%%
Bz AL, BAEREOHMBA c NG| XTI LR o7 ZhUE, BRIZR~72 X1, BAL
HHETHEL 2B, WEOZWEE, R7 Y yaiRicd o€, RBRIGERAMNEERT 5720, B
HOWEEASEM L, BESEARNOERESIREL 2 EDEEZEZ LN,

0y AT BAR R LEOBRKE o, Dl o, /oy & e DBRIE, AFHIZOWTIE, 20T - KFZK
HE L 20°C - BAKIRAED B\ IE100C - BIARKRED ZNENIZDOWT, WEROFEII»PDLT, KA TERE
72



2l - BU5C - R AM OBERAZEE (1D

ay/ayi=a(e—eo)b (1)
oy /0y=1—c" log (e—¢€o) (2)
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dy/o'yi=1+d(€“€0)
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e, =ale—eyg) (5)
e, =exp [b(e—eg)]—1 (6)

Table 312, EBDELRT,
3. i e
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Table 2 Constants in equations 1 to 4.

measuring condition sugi wood inuside wood
20°C, air-dry a=4.5X10"° b=5.0, €0=4.4 | d=0%, d=0.012%%, e,=7.8**
20°C, wet ¢ =0.35 €0=6.4 e =0.015, €¢,=4.6
100°C, wet ¢ =0.40, €,=6.8 e =0.016, e=6.1

* % ¥k .
: free, : restricted
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Fig. 11 The relationships between the residual Fig. 12

strain (e,) and the strain (&) in load-
ing cycles for sugi wood in three condi-
tions, air-dry at 20°C (upper graph), wet
at 20°C (intermediate graph), wet at
100°C  (lower graph). Circles: without

lateral restriction, Triangles: with lateral
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The relationships between the residual
strain (e,) and the strain (e) in load-
ing cycles for inuside wood in three con-
ditions, air-dry at 20°C (upper graph),
wet at 20°C (intermediate graph), wet at
100°C (lower graph). Circles: without

lateral restriction, Triangles: with lateral

restriction. restriction.
Table 3 Constants in equations 5 and 6.

measuring condition sugi wood inuside wood
20°C, free a=0.80, e€o=4.4 a=0.48 €0,=6.6

air-dry restricted a=0.80, eo=4.4 a=0.48, €0=6.6
20°C, free b =0.025, e,=6.4 b =0.022, €,=3.2
wet restricted b =0.025, e0=6.4 b =0.021, e¢=3.2
100°C, free b =0.027, €,=7.3 b =0.031, €,=7.0
wet restricted b =0.027, €0=7.3 b =0.028, €,=8.2
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