Vol. 34 No. 3

sk . Tel:13971156169,

E-mail:liufang(@Inm. imech. ac. cn.

34 3
2013 6 CHINESE JOURNAL OF SOLID MECHANICS June 2013
0 FT M4 ' H R RARP
(! s ,430063) (? s ,100028)
€ s ,100190)
s Cauchy-Born s
ABAQUS UMAT,
s ,ABAQUS/UMAT, s
(
b .
b .
( . .
) . ,
J ) ,
[10] [11]
b Y
, [12-16]
b
[3] [
. ’ b
L, Cauchy-Born
Barenblatt Dugdale , , ,
[5.6]
b . b
’
b b
b .
[7-9] X X
b ’ b
b b
* (10721202) (2013-1V-021)
2012-04-19 1 ,2012-06-20



o 242 - 2013 34

oo U
ABAQUS 0 “ijkl€ b 9€;j (’)€k/€ld
s
UMAT, ( 2 Hmnﬁ")n;")nff)nf'*) + Kaija,{rl )Eu (1)
=1
- [17] ) ’ ’
’ "n/2 ("2
Ciju =J J hnmnn,singddde + Ko ;6 =
0 0
2n 27
[1215) (57 + K )osdu + T5h(Gudy + 880> (5
s , h
’ E Vv
. h— 15FE
1 4e(1+y)
: (6)
“ ”» K: (4V_1)E
2(1+w (1—2w)
[18] s ,
“ 9 CUM - Jﬂhn,-njnkn,dOJF Kafjakl =
) ’ : 0
1 o . 1 1
E= ?%ww P+ ZF(@ ") (D (gﬂlﬁ K)&fam + g mh (0udy + 0u05) (1)
’ ol he G =ty
, Cauchy-Born 19] ’; 1 T (4” E (%)
_3y—1 . _ y—
C IK 1 IK 20T (1—20)
| , ¢ 4,
() T 4 (9 : 1
f H™Y ) 2) ( 30 )
() ) ) )
fUIHT A s ©12
’ ’ ( )
p=K@ (3 i
p.K 0 N )
’ D(.v) s
’ o H(.\>
D) D) [12]: D‘\ :l_H(()'r) (9)



3 o 243 -
y ’
1,
X ’ ’
1
Fig. 1 Planar configuration of discrete spring-buddle s
components y
H® ( s ’
s b
Cyju = Z}H(“'> " n"nn” 4 Kooy = ’
s=1
S ’
2 (1—D®)HY n,(f\)nj(-")n,(g\)rl,(\) + K80, (10) ,
s=1
ABAQUS UMAT
, ABAQUS
ABAQUS
( UMAT,
/ ) . ; ’
. 2
D® =D® (/1;1") ), O<D("> <1, D® >0,5s=1,+,S
(11) ) ) )
.9 A, c=a(d),
. 5 dD . @ .
Gy = {;{[(I—D(”)Hfﬁ)— (<)\->Am(a”> }. [17:’ _
nnSngngY }—0— K¢ ,ou }ék, (12 , ) 1
1.3 Wer s Wy
LW : ¢ Gr.
, 1100 mm X 250 mm,
) 80 mm, 2. ’
32 GPa, 0.3,
s 4.15 MPa  58. 3 MPa. ABAQUS

UMAT

’



o 244 - 2013 34

3
b
b b
1 s
‘ Load
4 (scale=40)
a Fig. 4 Amplification of the deformed mesh(scale=40)
N
B
>}
Yoy p—— O 7000
CMOD .
1100 6000} )
o Experiment
5000 Simulation
2 (mm) =
X R . R . & 4000
Fig. 2 A schematic diagram of specimen dimensions(mm) =1
g 3000
|
2000
1000k
00.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

CMOP(mm)

Stress f

5
Fig.5 Load-crack mouth opening displacement

(CMOD) curve

Strain A
s
’ ( ABAQUS ).
Fig. 3 Response curve of the spring-buddle component
s
! s 6 s s
Table 1 Model parameters for simulation ’
A A Ao A ’
7X107° 0.018 —0.01 —0.8 ’
s
,
> 4 s _ ,
( , )
). -
(CMOD) 5 7
, ) $=0.25 (¢
( ) )

. ~0.15.  [20] ¢ 0.15~0. 33.



3 : . 245 -

S
e

W
T

Stress (MPa)

R - 1 L L L
0 20 40 60 80 100 120 140
Distance from initial crack tip (mm)

6

Fig. 6 Stress distribution along the crack propa-
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COMPONENT ASSEMBLING MODEL FOR DAMAGE AND FRACTURE
AND ITS COMPARISON WITH COHESIVE ZONE MODEL

Fang Liu' Qiang Fu? Cen Chen’ Naigang Liang®
(" School o f Transportation , Wuhan University of Technology Wuhan ,430063)
(*China National Light Weight Gas Turbine Development Center ,Beijing,100028)
(*State Key Laboratory of Nonlinear Mechanics (LNM) , Institute o f Mechanics ,Chinese Academy of Sciences s Beijing»100190)

Abstract The responses of structures to externally applied loading originate from the materials. The damage
and failure process of structure corresponds to the deterioration of materials essentially. With the consideration of
the microscopic deformation mechanism of materials, and based on the pair functional potentials and Cauchy-Born
rule, component assembling model is developed with two kinds of components.i. e. spring-buddle and cubage com-
ponents. Damage and fracture is essentially due to decrease and loss of atomic bonding force in microscopic scale and
the spring-buddle component is abstracted from the atomic bonds in the same direction,so damage can be reflected
by the force response function of spring-buddle components. Assembling the responses of two kinds of components,
the elasto-damage constitutive equations, which can describe the whole deformation process of elastic, damage and
failure of materials consistently,are derived. A user subroutine UMAT for this elasto-damage constitutive model is
coded in the framework of ABAQUS,and a simulation of three point bending beam with pre-crack is performed to
describe the crack propagation process. Compared with the cohesive zone model, the present model not only can pre-
dict the stress-displacement curve but also can more clearly and physically explain the crack propagation process.

Key words elasto-damage constitutive relation, crack propagation, ABAQUS/UMAT, component as-

sembling model, cohesive zone model



