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Fig.1 Mechanical model of mixed-mode crack-tip under

compression and shear
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Fig.2 Elastic-viscoplastic constitutive model
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Table 1 Variations of solution according to different M

(D* =10,8= 0.8, = 0.2, Mp = 0.84)

0.001 0.01 0.1 0.3
T(0)(e~')  1.1331  1.1332  1.1382  1.1811
R(0)(e"2) —9.3755 —9.3769 —9.5210 10.866

=2 MM D BT
Table 2 Variations of solution according to different D*

(M =0.1,8=0.8,pu=02 Mp=0.84)

2.0 5.0 10 100
T(0)(e~!)  1.7019  1.3535  1.13815  0.6400
R'(0)(e=2) —14.238 —11.323 —0.9521 —0.5351

x3 MHE S MEL
Table 3 Variations of solution according to different g3

(M =0.1,D* = 10,1 = 0.2, Mp = 0.84)

0.75 0.769 2 0.8 0.8333
T(0)(e™!)  0.4568 0.6838 1.1382 1.7723
h'(0)(e™2) —5.5901 —7.2586 —9.5212 —10.9404

F4 MMy BT
Table 4 Variations of solution according to different

(M =0.1,D* =10,3 = 0.8, Mp = 0.84)

0.01 0.1 0.2 0.3
T(0)(e~1) 20149  1.5690  1.1382  0.7527
R'(0)(e=2) —17.158 —13.342 —9.5212 —6.0825
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Fig.3 Angular variations of stress components and hydro-static stresses according to different M

(8=0.8,D* =10, Mp = 0.84, u = 0.2)
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Fig.4 Angular variations of stress components and hydro-static stresses according to different p
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Fig.4 Angular variations of stress components and hydro-static stresses according to different p
(8=10.8,D* =10,M = 0.1, Mp = 0.84) (continued)
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Fig.5 Angular variations of stress components and hydro-static stresses according to different M

(8=0.8,D* =10, Mp = 0.34, u = 0.2)
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Fig.6 Angular variations of stress components and hydro-static stresses according to different p

(8 =08,D* =10,M = 0.1, Mp = 0.34)

WX R RS RN, YHES
B I 5 I

(1) TieSHEHRL, BHESERBWEE - 8
TR G Y 2L GUHT 7 1 32 1 4% A P 4 SCTHT B BE 4 Al 5%
#

(2) BEHE M pEYg, BP gy @ R,
2 Mp = 0.84 WF N W8 5 0, AR A R E
AR, #KET 2B, H2Y Mp = 0.34 B}
e M ORYEE Y, N7 (E R FR K R 7 2 R
.

(3) BEA o FAYHEBY, Ak ZE L T 1 R 48 A N
PG, R R 16 B W R R K I T A
G, EBY Y 7R 7 A B X O B R, 7RSS B
X 458 00) 4 B 5 49, {H2Y Mp = 0.84, > 0.3 |, 7

FRULTCAR, P LUARRE U 24 o T 2 ST 1) # K B 7 7=
A PR AN (K M I I K T LY R T T B R
HYECREEY R, WY Mp =034 B, p>03
AARE B

5 &%

(1) T % BRAUR DR 7742, R
R BAEMBR B EELN, FNEH - BERHTEM
R AER BB, X R RN RIS
RERIRIH I 1 — P EER R,

(2) Btk R HCS BPE O AR R IR R L,
AAERE, BAEREMBNESME, B
A 5 KPS

(3) BHE RIESH Mp K224, BABBEEM



624 ) £

" 2006 4 % 38 %

MIEERRAER. 2 Mp =0.84, B I RRL
W, % p>030, FRATLMHE, TUBRBAIYHT
ZLCTH I K 7 7 AR B AN I 18 I K TR L
PR T EN R, HECRREY R MY Mp = 0.34
i, BU#IT T RALR, p> 0.3 TRATIRA .
YL TIRA B MG REE T 1 By, B
BRBAM /NG T 220 AW R,

(4) TR AHGOEIT T B8 B#ir TR, #k
J 77 B PR 4 R K B AR R B . BT R A
M AAAEFIE G Y R, HBEEE AR,
LR RS, 7 TRERT, 46K - 8
R A B LR [ 52 bRl 00 R SOF R R AL,
PR R R AN, DR REZ AN AL,
B2 E OL H 2 2 E, 30 T5 B 07 2% T AR AN Wi
FAEER.

2 % x #

1 Gao YC. Uniparameter plastic field near a dynamic crack-
tip. Mech Res Communications, 1988, 15(5): 307~313

2 BMEHE, HR, ®HuF. VRAUGEHIHEBHIRTFE. 1%
2, 1986, 18 (1): 88~92(Gao Yuchen, Han Bin, Hwang
Kehchih. The contradictions in the quasi-static asymptotic
solution to a growing crack. Acta Mechanica Sinica, 1986,
18(1): 88~92(in Chinese))

3 Gao YC, Nemat-Nasser S. Dynamic fields near a crack tip
growing in an elastic-perfectly-plastic material. Mech of
Materials, 1983, 2 (1): 47~60

4 Gao YC, Nemat-Nasser S. Near-tip dynamic fields for a
crack advancing in a power- law elastic-plastic material:
mode I, IT and III. Mech of Materials, 1983, 2 (3): 305~317

10

11

ERE. BB ARRY. 1EER, 1993, 25(3):
159~168(Wang Zhenqing. Fields near a propagating crack-
tip in elastic-viscoplastic material. Acta Mechanica Sinica,
1993, 25(3): 159~168 (in Chinese))

Liang WY, Wang ZQ, Liu Y, et al. The dynamic growing
tip field of mode II crack in elastic-viscoplastic materials.
Advances in Fracture and Damage Mechanics IV. 2005, 7:
239~244

POR, B, FKRE. BIEY RBLR N HR M. P
J1ef% 4, 2003, 20(1): 64~69 (Jia Bin, Wang Zhenging, Li
Yongdong, et al. The elastic-viscoplastic field of a steady
propagating crack tip. J Appl Mech, 2003, 20(1): 64~69(in
Chinese))

FRAR, I, BRSO R kS R 1 W 2
FIWEFE. Srees#il, 2005, 37(3): 280~286 (Li Yongdong,
Zhang Nan, Tang Ligiang, et al. Researches on the en-
hancement of fracture toughness induced by friction be-
tween crack faces. Acta Mechanica Sinica, 2005, 37(3):
280~286(in Chinese))

KEE, HHH. KT &0 REFEE AP 1T, BA AL
RN AR RERE R, K E AR BE M, 2003, 24(3):
180~186(Zhang Xuexia, Yang Weiyang. On crack-tip
strain energy rate of crack tips for anisotropic fiber compos-
ite plate. Journal of Taiyuan Heavy Machinery Institute,
2003, 24(3): 180~186(in Chinese))

PR, £, BKR. [ BEH I RALGIRN N HF B, 1
2%, 2005, 37(4): 421~427 (Jia Bin, Wang Zhenging, Li
Yongdong. The elastic-viscoplastic field at mode 1 steadily
propagating crack-tip. Chinese Journal of Theoretical and
Applied Mechanics, 2005, 37(4): 421~427 (in Chinese))
Shih CF. Small-scale yielding analysis of mixed mode
plane-strain crack problems.
ing and Materials. Philadelphia. ASTM STP 560, 1974.
187~210

American Society for Test-



5 M RIUEE & - WRATER T RRIUR N R W1 625

THE ELASTIC-VISCOPLASTIC FIELD AT THE MIXED-MODE STEADILY
PROPAGATING CRACK-TIP UNDER COMPRESSION AND SHEAR Y

Liang Wenyan®) Wang Zhenging Zhou Bo
(School of Civil Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract Under the assumption that the artifical viscosity coefficient is inversely proportional to a power
of the plastic strain rate, considering the friction contact effect between crack-tip surfaces and viscosity, the
asymptotic solution is obtained for elastic-viscoplastic field at the mixed-mode propagating crack-tip under
compression and shear. The numerical solution at the crack-tip is obtained without stress and strain jumps.
The variations of the numerical solution with different parameters are discussed for the mixed-mode under
compression and shear. It is shown that, for the mixed-mode crack-tip field under compression and shear, the
whole region is plastic without elastic unloading parts, and the viscosity effect is an important factor when the
propagating crack-tip field is studied. Whether the mixed-mode crack approaches mode I or to mode II, the
hydro-static stresses are added according to the increase of the friction coefficient. The crack-tip propagation

is stopped by the friction on the crack face. The toughness is higher if the friction is larger.

Key words mixed-mode crack-tip under compression and shear, steadily propagating, viscosity effect, elastic-

viscoplastic materials
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