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Research on Radial Stress-strain Model
of Wood under Repeated Compressive LLoading

XIE Qifang',ZHANG Lipeng, WANG Long, WU Fanfan

(School of Civil Engineering,Xi’an University of Architecture & Technology,Xi’an 710055, China)

Abstract: The radial stress-strain relationship of wood under monotonic and repeated compressive load
was studied, according to the tests on the clear wood specimens under monotonic and repeated compressive
load. The results show that the monotonic compressive stress-strain curve and the skeleton curve of re-
peated compressive stress-strain curve are well coincident when the strain is less than 0. 16. When the
strain is over 0. 16, the difference between these two is gradually increased, but they can still be described
by the same mathematical model. In the cyclical process, the reloading path and unloading path are ex-
pressed by linear and double fold line models, respectively. Based on the comprehensive consideration of
the typical characteristics of unidirectional compression and repeated loading and unloading, the stress-
strain model of wood under repeated compressive load was established. Based on the established model, a
MATLAB program was then written into the MATLAB software. Good consistency was found between
the predictions of the model and the test results.
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Tab.1 Test results
. R ol on ou el €n €u E E,
L R A /MPa /MPa /MPa /% /% /% /MPa /MPa
D-1 4.10 6.82 20. 87 2.41 19.13 29.9 170. 09 15.75
D-2 3.61 6.27 21.17 2.13 19.01 30.0 177. 06 15. 49
. D-3 3.51 5.81 20. 67 2.21 17.94 30. 3 158.92 14. 21
fg D-4 3.72 6.03 21.08 2.25 18. 56 30. 1 165. 35 13. 84
ﬁ\EEﬁ D-5 4.01 6. 60 21.00 2.26 19. 20 30.0 174. 36 15.16
D-6 3. 66 6.00 20.91 2.10 18. 96 29.9 169. 19 13. 90
S {E 3.77 6.26 20. 39 2.23 18. 80 30.0 169. 16 14.73
S R 0.23 0. 39 0.29 0.11 0.48 0.15 6.48 0. 84
F-1 3.81 6.13 17. 21 2.0 20.8 30.0 174. 29 13.25
F-2 3.63 5.85 17.06 2.3 20.2 29.3 157. 83 12. 44
F-3 3. 66 6.02 17. 35 2.1 19.7 29.0 190. 38 13.41
jﬁiﬂfﬂ F-4 3. 27 5.81 16. 86 1.9 18.9 30.1 172.11 14,94
Rk F-5 3.92 6.24 17. 36 2.6 21.2 31.5 150. 77 12.47
F-6 3. 87 6.22 16. 98 2.3 20.5 30.6 168. 26 12.91
S 3. 69 6.05 17.14 2.20 20. 40 30. 10 168. 90 13. 24
SRR 0. 24 0.18 0. 20 20 0.56 0. 90 13. 80 0.92




58 W R K22 4R CE SRR O

2018 4

2.1 AHEWIEES

PR AR o) 42 R T A2 T 4 ad B AT DA A BT R 3
ABir B SRR AR TE B B B A [ B T A B0E AL B
B, AE SRR ARIE B Be o 1R I R S A W i AR I
W FEBBVE By Be s RS ol T 56 X i 4 e A T
TARTE s HE AT 4 S0 A B B » PR e b X 10 20 i

REAL 8 W B 35t S R A B S I 4 R

B4 AMEGLABZERRYS

Fig.4  Failure modes of wood specimens

2.2 MA-METH&SH

B 5 S AR B A 1 4 2 1T 52 1 1 R o 2
J3-1 A2 G £k (U — AL Ja ) B9 X Ee. AT DL L i
J1-I AR AR AE B A 52 T i B P AR T s S AR —
205 U0 R A S [ B 55 2k ik A B iy B R
BN S AE U A B ) B BV D K.

1.0 - —e—D-1
—<—D-2
—x—D-3
0.8 —v—D-4

—o—D-5

—x— D-6|

/
&

02f WW,:AEM
0.0 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

N AE
BHS5 AMizasLik@LAmE s -EEWE
Fig.5 Stress strain curves of wood under
monotonic compression
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under repeated compression

fffffff RN L
~~~~~~ ST 2k
T RSTIERE h

_0.l15 ] ()jl20 = 0.2—5— 0.I30
CEEE C PSS S EN VLV S ¥ P LT

Fig. 7  The test curves of wood specimen under

000 005  0.10

monotonic and repeated compression

P 7 v AR b A 1 4 2 i B B 3 s IO - A
2L W] TN 43P0 30 30 e v o L g R A R AN T
AR+ 33X S AN B R NIRRT B B8 — 2R A
IR 2 I T MG L 2 S bk 1 22 Al ad
2N 3 N AR ) B A AT LR s SN2
JOE 7 BRI AR e A A g AR 2 I HL BB A 48
O 8 F) 39 DA S o I P R R AT G O B
A8V 77—V 7 g 2R S AT A A R Y A A



%3

WA 97 4  ARB AR ) S K 52 T I ) - A8 B BT 5 09

T 0. 16 B AT 5 FENAE KT 0. 16 B, 1 & 5 E
25 BB BT PR R b AR ] A2 T ) 2N
J3-1 72 il 2R g 2 0 R TR T E G W Y A
TR - 78 55 2 M i Ak [ B, HC 380 28 W12 R o 28 1491
J3E 5 5 IR 32 A AR Ak B R T AE R AR B B R B
e A 3 R DR Ol R A S R AR Y B R AR Y
WEAT AN AT WK 2 A8 T 8 KL Ak 82 % A T 4 738 T 1 M 3
7.

3 AMBERMEREAZENN-HEXR
A

3.1 BRAZENNT-NMEXRER

ARE A i 4 2 T PR 52 T I - A 2R
e A Ja 9 = BB Y - 2 9k B | 55 4R vk o AL BE I
SRALBL. W 8 R,

T T ———

& &y
Eu Tu
8 MALey KRG A K & L4 EH B A
Fig. 8 The simplified model of wood

under monotonic compression

HARECF R

Eefa 0<<e<eg
g - O;IJri(e—s]), g <e<e, (D
o Ou €u0u

ﬁer(e_ie") , e e < e,

Ull €U

o0 Bl e 2059 A S5 AT OGS IO 1) 17 7 (L A1 7 28
{85 o1 Al oy 23531 0 Je A BOE A3 11555 2 P 8 A Be e
T AL BE A BN I s e F e, 235 D S AR A
V7 73 0 555 2 1 5 A B A D U AL BEISE 14 i 57
JIE X LB AR A s Ee FIE, 4353 Ay 56 4 B A 58 4 1k
S AL B B A G S 4 AR SRR i, HLEL 20 391 3. 76 AN
0.173 b Al e 7330 2 — Ui AL B A it 2 2 55 MR 408 .

AN 2 45 2R L AT R A% A B ORE R R L R
LSHEN IR TR 1A 2 .
3.2 REMHFERM LR

MR &L 7 B 7 a0 4 A S A2 o 4 2 oty 2K [
(SRR URASES R R iV | b= aiara pvaealii B2y iR I Vi
B It HP A AE s vE BORI 55 4 R s AL BUL T 5.
P A2 T AR - A 2 R 28R R - R A Y A
FU » di oA A 2 9 DX T i AR — SR A B R AL A
JEE D 559 » 3 AT BB oh T4 R L A7 1 S B2 T a0 D o
AR 5 R TR R Rk R O T RE
S5 S R TR 50 T M Wl S A D 28 SRl 2k
RN AN -0 A b £ 22 A DX R a0 g 4
P 1 5 A BEAS [a] A 568 A S 0 B AT T RE 96 d B0
S5 S Al X T30 PR (6 e e i AR TE AR 2 s DRI AR S
25t T T S 2R G ey £ PR R - 1 A%
LEPIE AL R AL B S ]UE . Ik 2 R,

R2 ZREAHZSHE

Tab. 2 Parameter values of the secondary hardening curve

Wi b c

R i A
83 AR

15 005.9 5. 879

16 006. 8 5.696

RSN B SR i £ 5 B o n 4% 6 - A% it
LAE YR A B SR AL S B 8] Y AL OC R 43 )
K@M

b, = 1.067b ¢2)

ce = 0.969¢ (3
AHr: b, Fl e, 70 A ARB IS B 4 th 7 —
UL B i b 2 45

KM G T AMAZE M 2R ZERE
INEEE SR 2 5 Bt &L Z M C &R,
TEWAT S S I 228 3K 56 250 4 1) AT 4% b B AR OC &R
TS TN A8 B ARl e i A8 R
3.3 REMEEZES-METER

R 7 B s i 3 45 R AT X S S i) 260 -
oA il 2 A B 9 BT 1 1R Ak

iR A2 I ) 25 B 2R i 4 B A S A A AR AR
H (egso) 3 AHT & H1 2 B 09 5% B 8 AL AR R
(eosa0) o, oo g AR 3 56 25 SR B 2 19 1
B B LA (4D

0.085, 0<e/e, < 0.55

D — (4)
o, 0.105, 0.55 < e/e, < 1

ik En #Ey 205 R E 3RS 1 BEAES 2 Boi
B L5 FnT AR R U0 — 1k A9 B A= 3 i £k A5 2 L 4y
L (5 A (6)



60 IR K 2240 A BR2E D

2018 4

E, = (O's_O'o)/(Ss_S()) (5)

4.58+7.9 ——% ), 9 L <0.26
. { Frsexp (5] 0<a <

0.26 <ele, <1

(6)

ik E. A2 FEm 2 W EE AR P A A 8 AR 15

FRARIBMENL AE 5 (eree -0 Ji » BRI SR 75 25 1% 75 Jin 2%
MIEE E, 0L (D).

E,=0./(e, — &) (7

53.456,/6, —6.572,

|

|

i 2 Eres 1)
Eu Eu En

B9 Rty Ritiz e ok @ B E %A A
Fig.9  The simplified model of wood under
repeated compression

4 EESHEREAFXIEE

2T MATLAB 8096 5 A b A2 1) 42 3 i 2 T
PRI S BT Y AN g - AR A Y P R Y A
BERY AT F 45 03 3 5 4 5 o D-7 FF-7 B9 Y

TR0 25 R AT X B, 6 He I O LR 10 AR 1.
1.0 -
RI R /
...... B g
08} /)
| // //
06 R - iz /
3 %
L %
© 04} 7
7
02} -
ST INEN R AL i 2k
0.0 L 1 1 ! '
0.0 02 04 0.6 08 1.0
e/eu

H10 FiEmEEA-LEWERRL
A dp FR R K G BER 4R B X g 2 Rt
Fig. 10 The comparision between test results and model
results of monotonic compressive stress strain curve
and skeleton curve of repeated loading and unloading

AR B AR 5 5 o0 B (9 45 2R 0T LA, A
WG AR P 1L, B SN 28 i A L S A 4
51 il 0 F 0 8 0 AE IR AL B B AT 7E B
/MR 22+ 3K 2 vl T AE R AL B B S B N A8 A
JEARLRE Y . T 7E B AR T Oy 58— A R R AL
LA H T 2 A e A B fE

1.0
—————— IR
— B ‘
08| /
I
I
/
I
0.6 - i
I
I 1
I
©oal il
il
- il
- ANy
02} == (Y YAy
/ /I vy
/ 4 v 1 JlI
/s J e
0.0 1 1 Z | \ Z 1
0.0 0.2 0.4 0.6 0.8 1.0

H1l REmHSFEAEA-BREERLERERXRELZERGILEK
Fig. 11 The comparision between test results
and model results of compressive stress strain
relation of repeated loading and unloading

1) AR A2 o) 42 3 T 52 F B0 9] g 3-8l 2
BN i SR i 4 X 2 E A BT R Y = B B Ak
SR B B L 59 S PR s AL B BO R ks AL B B L IF LR
FAEHT A By BEEE A E G L R R A B B i
) AR BE L JE K

2) AR MR ] 42 3R THT 52 3ok R v S0 28R EE R
T8 M B 7 55 4 Pk iR Ak B Y 2 B IR Ay L A
IR BT B 1 T8 Rh 2 T 1 T 4 SO W 8
N

3) A A ) 42 3R T 32 He S5 52 M ) 28 R S AL ]
LA BRI 0 280 07 - 1 A8 AR A B kT SR R AR R
PRI ZE N T3 -1 AR AR ) Al Lo R R B S
B e 435 LR % 1. 067 F1 0. 969 BIAJ,

A4) 38 1o B 4R M B B 55 4R P R AL B BRIk
S Ak B BOR J110 = B AU B R AR AR 1) 42 6 T 32 e
PR Jonn A5 b 4 R B S R 28 B 4 il AT A AL

2% ik

C1] kP it o B ok . 2. R G5 40 M O 9 i KA Rl e BF 5



3 0

WA 97 4 R AR 1

52 3% R

— P AR BEFURIT 5 61

(2]

(3]

(4]

(6]

(7]

L8]

(9]

L. W K2 4 CH AR B D . 2016,43(1) : 118 —123.
ZHANG J,WANG B,ZONG Z L,et al. Experimental study on
fire endurance of mortise-tenon joint in timber structures[ ] ].
Journal of Hunan University (Natural Sciences),2016,43(1)
118 —123. (In Chinese)

R AR SR AR KRG £ SRR S MR ARSI A O
ERPFEL]. MM R 2 4 CA AR 2 D, 2016, 43 (1) 132 —
142.

PAN Y,LI L J, WANG H Q, et al. Reseach on evaluation
method for the post-earthquake damage state of ancient wood-
en buildings[J]. Journal of Hunan University ( Natural Sci-
ences) »2016,43(1):132—142. ( In Chinese)

X B U0 T 5. AR R S0 45 R AL T IV -0 AR 56 R B S
AELTD. Mol B2 ,1995,5(31) 1436 — 441,

LIU Y X,ZE Y J. Quantitative expression on the large trans-
verse compressive deformation relationships between stress and
strain of wood[ ] ]. Scientia Silvae Sinicae,1995,5(31):436 —
441. (In Chinese)

P R AR 04 F AR A A AR I R I AR K S RBFSELT ], 12
82 ,2000,22(5) : 25— 27.

TAO J L,JIANG P,YU Z S. On the static constitutive relation
of wood with large deformation[ J]. Mechanics in Engineering,
2000,22(5); 25—27. (In Chinese)

REITERER A,STANZL-TSCHEGG S E. Compressive behav-
iour of softwood under uniaxial loading at different orientations
to the grain[ J]. Mechanics of Materials, 2001,33(12): 705 —
715.

[ SNSRI E e O 7P N AT
b K224 2010, 37(4) :665—668.
ZHANG H W, HU B, SHAO Z P. Stress strain relationship

AR BEGRT]. H 8

with compression of poplar[ J]. Journal of Anhui Agricultural
University,2010,37(4); 665—668. (In Chinese)
FEA BRA T3 U B L 45 AROM R 4 R T 2 sk AR K BF

0] h E B8 30,2016,11(1) :62—65.
MENG X J,CHEN J Y,SHI X W,ezal. An experimental study
of the wood performance under whole section compression in
the transverse direction[J]. China Sciencepaper,2016,11(1):
62—65. (In Chinese)

OUDJENE M, KHELIFA M. Elasto-plastic constitutive law
for wood under compressive loadings [ J]. Construction and
Building Materials,2009,23(11) :3359—3366.

OUDJENE M, KHELIFA M. Finite element modeling of
wooden structures at large deformations and brittle failure pre-

diction[ J]. Materials and Design,2009,30(10) ;4081 —4087.

(18] MR J7 - sk FIWT, £, 45

(107 BRas B8 .9 5t JE  BLIEE. 52 2% BT 1 R 28T AR Jg 2 Vi RE Ao B (i

BT, 3158 S 2424 . 2011,28(4) 1629 —640.
CHEN Z Y,PAN J L.ZHU E C. Numerical simulation of me-
chanical behaviour of wood under complex stress [[J]. Chinese

Journal of Computational Mechanics, 2011, 28(4):629 — 640.
(In Chinese)

[11] KHENNANE A. KHELIFA M, BLERON L, ez al. Numerical

modelling of ductile damage evolution in tensile and bending
tests of timber structures[]J]. Mechanics of Materials,2014,68

(1):228—236.

[12] VALIPOUR H,KHORSANDNIA N,CREWS K,et al. A sim-

ple strategy for constitutive modeling of timber[ ]J]. Construc-
tion and Building Materials,2014,53(4) ;138 —148.
LRI I R R B 1 I S i 45 47 A
RILT]. WA 2 i CA AR 24 R0 2017, 44 (11 109 —116.
XIE Q F,ZHANG L P, WANG L, et al. Damage evolution
model for northeast larch wood under parallel-to-grain tension
load[ ] ]. Journal of Hunan University ( Natural Sciences),

2017,44(11): 109—116. (In Chinese)

(147 A N RILANE @B, GB 1929— 1991 AR #3246

itk B R AR IR 7 i LS 1. bt S STl A, 1991,
Ministry of Construction of the People * s Republic of China.
GB 1929—1991 Physical mechanics test and method of sample
cutting of wood[ S]. Beijing: China Architectural & Building
Press,1991. ( In Chinese)

[15] rhfie AR A [ gt 538, GB 1939 —1991 A B 8Uhi ik 56

T 1:[S]. At @S Tl th AL, 1991

Ministry of Construction of the People * s Republic of China.
GB 1939—1991 Method of testing in compressive strength per-
pendicular to grain of wood[ S]. Beijing: China Architectural &.
Building Press,1991. ( In Chinese)

[16] s AR ILFN[E A 335, GB 1933— 1991 A 25 Bl 8 J5 vk

(ST AbaT 35 Tl s 4k, 1991,

Ministry of Construction of the People * s Republic of China.
GB 1933—1991 Method of determination of wood density[ S].
Beijing: China Architectural & Building Press,1991. ( In Chi-

nese)

[17] vhse AR ST 8% 35, GB 1933— 1991 A M & K20 & 75

HELST. Ab st AR ST Tl piA: . 1991,

Ministry of Construction of the People * s Republic of China.
GB 1933—1991 Method of determination of moisture content
of wood[ S] . Beijing : China Architectural & Building Press.,
1991. ( In Chinese)



