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Damage Evolution Model for Northeast I.arch Wood

under Parallel-to-grain Tension Load

XIE Qifang'’,ZHANG Lipeng' , WANG Long',QIAN Chunyu’
(1.School of Civil Engineering, Xi’an University of Architecture & Technology,Xi’an 710055,China;
2. China Jikan Research Institute of Engineering Investigations and Design,Co,Ltd,Xi’an 710043 ,China)

Abstract: It is very important to explore the damage evolution mechanism of wood under tensile
loading at meso-scale, which is the foundation of establishing the damage constitutive model. In this paper,
the component characteristics of wood at both macro and meso-scale were analyzed, based on the assump-
tion that wood is equivalent to numerous tension fibers in parallel and every tension wood fiber is equiva-
lent to an elastic brittle tensile micro-spring. The damage evolution equation was derived based on the as-
sumption that the ultimate strains of tensile micro-springs are random variables that obey some form of
distribution. Based on the correct setting of acoustic emission parameters PDT, HDT and HL.T, the param-
eters of the ultimate strain distribution function were obtained by tensile acoustic emission tests on North-
east Larch wood specimens along the grain during the failure process. Furthermore, the damage evolution

model was established. The analyzing results show a good coherence between the acoustic emission accumu-
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lative events and the damage evolution,and the acoustic emission tests are available for the damage assess-

ment during the wood longitudinal tensile process.
Key words: wood; parallel-to-grain tension;

emission test

micro-springs;

damage evolution model; acoustic
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wood under tensile loading parallel to grain

HiPE 7 m] DL AR B AEWT R IR Z AT 7 AR P A
SHE S PR SRR AN B S5 78 e P i IR i
W B 7 R A0 e TR P A S A5 TS 36 AROB 19 B 1
LY.

HIMER A3 B AR WS 52 1 5 e v P
RIS 55 15 B Z TRTB)  DTHEK AR  ] o oAy e — 2 5 ]
A LA FA R W52 43175 5 5347 5 1 AR R Xk AC B4
HOEEFYI 1DV Y EANPARGA:  EESSE Sawal-2 IEi
AR AR 2 RN A [ — P L AP 8 .
P 8 RIR ARB IR 52 437 2 B SUME PR RS 5
B 7 BB R R AR S IR B e R — Bk
UL 3l 1 7 A R HIR T ROX — R AE S 0T
DAL 3 08 A o M52 P 8 R 5 e v 940 40 1 A
K 91 11D9FT)S

80 12

l—l.O

60 &
[Ep-IRiAE £ 108 &
g x
= 40 - 06 =
2 =
R Bk
7 N —— 104 3
20 B—MBETHRE TN E ik I
/, 40.2 =
0 0.0
0.000 0.005 0.010 0.015 0.020

RitEe
B8 RIS SEFRY R IRAIOTE %

Fig.8 The relationship between nominalized AE

accumulative events and stress
455 R RS RAZ AR A A A —
PAL BRI« 308 2o A BB X6 23 2R AR R Ay 28k T BEVS
JO7 4 R 7 S S TR AR 2 dle » F A Gaussian

HZ HAEAT A A 9 iz, n] DDA 2k 51
BARFEATA.

1.0
....... ﬁ‘t%fﬁﬂzﬁ )

0.8 =
= R-Square=0.99587
,<';__C
oY
& o6
LS
s
04
) /
I o2 /
0.0
0.000 0.005 0.010 0.015 0.020
[iAge

B9 FASHRITRATREATARG R E X
Fig.9 The damage evolution curve using AE

accumulative events expression



55 113

R 54 AR AT AL b B 16 MU 52 1 45 A R 115

MU 0 M1 B a =59 54030 =0.15¢ =
0. 025; A5 AR ELN 0.995 87. AT WL, K F 1) 3 A1 b
BORAZ.

BHL S SR TR v o L 11 R PR A 3 A R A
05 18 Ak T i 10 2k 200l dn (200 st (21
7 -

Jalr= T Zoo(iiggél)exp[g’<i£5251>2}

(20)

Do (e) =59 540exp[— (¢ 0_02510) J 21

R IR RERY T 4+ T4 21 BT AT a1 ot i Al PR
AR 73 AT SR W3 3 FT7.
R3 ROEERREESHSHE

Tab.3 Distributed parameters of the ultimate

strain of the micro-springs

o z W

e a b/103 /1073
1 59 540 100.94 24.55
2 53 586 98.93 24.29
3 47 632 80.76 21.05
4 57 854 97.92 23.81
5 51 208 98.93 24.07
6 48 823 98.93 24,17
7 50 609 93.88 22.84
8 46 083 96.91 23.57
9 45 846 89.84 21.85
10 54 181 95.90 23.33
11 51 799 98.93 24.63
12 57 754 89.84 22.50

Y 52 076 95.14 23.39

TR 4 633 5.78 1.12

F1E 8 FIE 9 AT AR 52 $37 07 77 A8
24 5 DL 2 SR G A A R A (L 58 7 oy £ 0 2
ARLANE R 33X T B A [ JURE BRI 18 25 WL L %
503 B AL SRR HEAT A TR AR B IS0 52 LRSI 552
Ji B2 T — A OOV 2 0 4 18 A i 7 2 UL A3
73 I — JRy ¥ CRI i ke B Ak ) O ik 7= £ 0 128 1 4z
B AR, th AR RAF B0  l FAE
SR E TR BT Z BT 18 R AAT B A AR AR IE L B
TP T 22 ) e PR ASE A2 e Bl O A5 £ A i 2R R
P S 200 505 8 AR R IE BT T AR A GOM AR R
AR 3 AT AN PE RO IR 5005 i AR e SE o 1
SERET Y22 AR [ 4

1) 38 52 4 AR W 552 it ) 2 B 55 Rk AR &1
A1 et B 2R LA R T e A ) 240 O B A A
HEST T ARBMAESCZ AR 512,

2) i 3 W B U AR DN B e A5 B 1 R A
R A B8 BT R A O 2 B S B T I TR
93.11~144.3 s, PDT Jg 150 ps, HDT 3y 300 ps
I HLT % 450 puss 7RG RS20 40 dB,

SIAHBERL AL TR op Y 75 R A R TR U2
SR A it 15 9 B AR AE 280, A SO R AR
T HARIE] 13X — g, I 4 e oR B IR 802
P AL AR B B T AT M Rl R 4 fS
WFFEAME e oAt 32 T3 RS 1 4547 188 A KL A i 1
TSR AT B T

A4 AR M2 30 B A 1) e 78 0 A A b 2 4 7
SERLAT AP T AN W & AR W RO 1) i AR R 7
WL BBIR Z 1T, 77 A B P RSG5 b P R TR
FEASI 505 7 e A B U 7 6000 BBk ) 7 2 B R P
SHES TR B AR 52000 Mt 2L FH 400 58 35 o
SRR AR IUA A N LL 32 Hr 5 IR 1 Py 3 3o i 2
Ao R YRR L

S 3Tk

[1] AICHER S ,HOFFLIN L,DILLL-LANGER G. Damage evo-
lution and acoustic emission of wood at tension perpendicular
to fiber[J]. European Journal of Wood and Wood Products,
2001,59(1): 104—116.

[2] PhEF, FE® RBEA, . BT RIFEAR A 7

KT . A bR B 22 4 . 2006, 26 (4) . 344—348.
SUN Jianping, WANG Fenghu, ZHU Xiaodong, et al. Applica-
tion of acoustic emission technology to damage process monito-
ring of wood under the dynamic loads[]J]. Journal of Fujian
Forestry College,2006,26 (4): 344—348.(In Chinese)

(3] sKaGOE AR, B3 i S S B g [T ). Jy 2+ 5 90k
2009,31(2): 74—1717.

ZHANG Zhiyan,ZHAO Dong. Study on the acoustic emission
model of wood damage[ J]. Mechanics in Engineering,2009, 31
(2): 74—77.(In Chinese)

(4] BRETOURE W 5 8. A4 T IRES TR AR B I M B i B

EBAULT . I 2244, 2011, 28(4) « 629—634.



116

W KA CA AR E RO

2017 4

7]

(8]

[9]

[10]

[11]

[12]

CHEN Zhiyong,ZHU Enchun.,PAN Jinglong. Numerical sim-
ulation of mechanical behavior of wood under complex stress
[J]. Chinese Journal of Computational Mechanics, 2011, 28
(4): 629—634.(In Chinese)

KHENNANE A,KHELIFA M, BLERON L, et al.Numerical
modeling of ductile damage evolution in tensile and bending
tests of timber structures[ ] |. Mechanics of Materials,2014,68

(1) 228—236.

LAMY F, TAKARLI M, AMGELLIER N, et al. Acoustic
emission technique for fracture analysis in wood materials[ ] ].
International Journal of Fracture,2015,192(1).: 57—70.
NSRS R BE R LR AR SC R LT ] [ HF K2 4l
2001,29(10): 1135—1141.

LI Jie,ZHANG Qiyun. Study of stochastic damage constitutive
relationship for concrete material[ J ]. Journal of Tongji Uni-
versity,2001,29(10): 1135—1141.(In Chinese)

OUDJENE M, KHELIFA M.Finite element modelling of woo-
den structures at large deformations and brittle failure predic-
tion[ ] ]. Materials &. Design.2009,30(10):4081—4087.

WITTEL F K, DILL-LANGER G, KROPLIN B H. Modeling
of damage evolution in soft-wood perpendicular to grain by
means of a discrete element approach[ ] ]. Computational Mate-
rials Science,2004,32 (3): 594—603.

QING H,MISHNAEVSKY L. A 3D multilevel model of dam-
age and strength of wood: analysis of micro-structure effects
[J]. Mechanics of Materials,2011,43(9): 487—495.

ZRAME  WHEE. AN SRR B i Tt 7 A S AR B AR i T
PRI ] A AR, 2007,24(9)  57—60.

LI Dongsheng. OU Jinping. Acoustic emission characteristic
and damage evolution model of steel strands in tensile test[]J].
Journal of Highway and Transporation Researchand

Devement, 2007,24(9) ;: 57—60.(In Chinese)
KA YT AL . BRI PR AR S ) B0 Y TR 175 R

[13]

[14]

[16]

[17]

SPERAELT ). IR R 22l AR, 1994, 21(2) 59— 64,
DU Weifang, DU Haiging. Acoustic emission expression of ini-
tiation and growth of crack in alumina ceramic due to thermal
stress[ ] ]. Journal of Hunan University: Natural Sciences,
1994,21(2): 59—64.(In Chinese)

ASTM D143—94  Standard test methods for small clear spec-
imens of timber[ S]. West Conshoho Cken,PA: ASTM Inter-
national, 2007 :21—23.

Je TR W2 RS BT TM. 3 i Jb st s E 5 T
A AR 5 2005 26— 34,

LONG Weiguo, YANG Xuebing. Wood structure design
manuall M. 3rd ed. Beijing; China Building Industry Press,
2005:26—34. (In Chinese)

BCBH % Bt D A5 X bR S5 R OB - 45 R P R SR ARG 2 ik
FRFFELT]. EPHES R 2R . 2008, 30(5) : 37—41.
OUYANG Lijun, LU Zhoudao, ZHAO Yanlin, ez al. The
setting of acoustic emission detecting parameters in concrete
[JJ. Journal of Chongging Jianzhu University,2008,30(5); 37
—41.(In Chinese)

SRR, A R S E TR R T R TR B B
TR P AT L 1. R R 2E 2 . B AR B2 1R, 2010, 37
(11): 24—30.

ZHANG Yamei, WANG Chao, LU Yi, et al. Investigation of
the damage process of ordinary concrete and rubberized
concrete under bending load by AE[]]. Journal of Hunan Uni-
versity; Natural Sciences,2010,37(11): 24—30.(In Chinese)
SRR A i . MENEYERDRLR S B O R B K e vt
LT A 2 S TR 2006, 25(12) ¢ 2493— 2501
ZHANG Ming , LI Zhongkui, YANG Qiang, et al. A damage
model and statistical analysis of acoustic emission for quasi-
brittle materials[ ] ]. Chinese Journal of Rock Mechanics and

Engineering, 2006,25(12) ; 2493—2501. (In Chinese)



	2017年11期正文_部分109
	2017年11期正文_部分110
	2017年11期正文_部分111
	2017年11期正文_部分112
	2017年11期正文_部分113
	2017年11期正文_部分114
	2017年11期正文_部分115
	2017年11期正文_部分116

