. 26 11 (2005 11 )
Applied M athematics and Mechanics

:1000.0887(2005) 11_1373_07

FE, FAF, kX

( , 100084)
(& FUR%RERHIEH)
130. 15 A
) Eshe]by[ 1 ,
. , Hashin!?
Bu(ilians.kyl3J Hill'¥ (SCM), Christensen Lo Aboudi  Benveniste' ®
(GSCM) , Mori Tanaka'” Mori Tanaka .
R s o Isida'®
. Day[g]
[1o.11],
* : 2003.08 25; : 20050729
(10172053, 1047205 1)
(1972—), , (E_mail: kongfanzhong@ mail. tsinghua. o1g. cn) ;
( .Tel: + 8610 62796187; E mail: zhengcp@mail. tsinghua. edu. en) ;

(1939—), ( E_mail: demyzh@ mail. tsinghua. edu. cn)*
1373



1374

1 n , .
> g?o > Ql7 QZa > g: > Qll ”
1—} 2 FO 2 2 FO Fu
]T‘O [ ]
HTHHHHRR R ; % J
I, "2 9
0
@) corp)uwip) = [ Ue(n. )ibia)ariq) -
o
r O 0
@ r [ %0 guparcg. (1)
[UN
l" .
" CoB B(p) = I U (p, q)tn(q)dl(q) -
o, O () (p)u(p) =] Ué(p. q)i(q)dT(g)
777 7777777777777 J.l,_T{IB(Pa q)us(q)dl(q), (2)
1 9 O J j B
Cap(p)(a, B=1,2) P
. Us(p.q) Ta(p.q) The(p.q)
, UB 1B °
, (D (2
AN AL AN ([ B B: BY [ r°
A% A% A% 1% = | BY B B%|S U, (3)
AS A% A% U B B% B (1"
GT' = HU, (4)
, 0T o ;
T’ U° "o ;U
Fj Tf() T/j
3 (4 . . , )
T =- T (5)
(5) (4,
"=-1T"=- (G)'HU, (6)
r



1375

D= (G)'H, (7)
. G H

@ = 3| VNP8 B = Cov 3 T Nad (). (8)
(7) (3,

A AL A%+ BY(G)'H| | ° B B 5

AN AY A%+ BYR(G)'H|S %= | BY B {20} (9)

AS AL A%+ B(3)3(Gf)_1Hf U B% B

n ( ) ,

, , n+ 1 , n+ 1
( )s
(7) . ’
D : (0 -, (8)

G H

D = D, i= 1,2 - n° (10)

. (9 )

[An Ap Al A3 A'3] U B B |

Ay An Ak Ay AB|| T B>y B»

A Ah A Al Al U By By 7

Ay AL A% A% A%l U By Bx

LAY AL A% A Ay LU} LBy By |

A= Als+ Bs(G) 'H,
A% = AL+ BY(G)H,

A= An+ By G) 'H,

. s 1

(12)



1376

) (13) , ) (8
G H [ ]
D= (E"/E)D’ (13)
, D’ . (3) (4 (8),
D (14) : (8) G
H .
Dt = (G/+1)_lflj+1,Dj: (Gj)—lH"Hy':H/H’
G''= G - mcj‘r Nd T, o, (14)
j+ 1
, C .
2 k N7
, (12)
Alp= Aist B':13(Gk(i))7 lHk(i,), Abs= Ab+ Bi23( Gk(i))f lHk(i)’
) ) o . 15
A= AL+ B GM)) lHk('), (1)
D) k: 17 27 cey M, ° s
(8) G H .
R n
. (1)~ (15) . , . .
2
a/b= 1.0 , .
2.1
2, .
L = 100 mm, a= 1mm, a/b= 20,
e= 0.1 mm, g = 10 MPa, Ei= 10 MPa, Vi= 0.3,
E, = kE1, V, = 0. 3
s Von_Mises
3 . MSC. Marc , 4.8 .
40 . 3



1377

-

frppeeettim A1

E,

120

-
%
Mises i} /] o/MPa
(=]
<]

T Ay

1 K s/mm
2 3 MSC. Marc
Von Mises
2.2 100
100 4 . 100 mm,
20 MPa, a/b= 2.0, 0.4
, 100
5
HS0iNeoo &
AU NE:
- QOCL;O /9_0 N 0// /,/\3—}:
AN U=
2520 %00 2
i U2 070 % =
=W S5p00" 202 =
= < o0 oo BB
5o 00000
EQ//QD S/ N) IS B

N
-
o
o
(6)]
—
o
o

EyE = 0.5 5 6
5 6 , , ,
2.3 120
( )
10 ( )

7 . 100 mm, 20 MPa, 20 20

40 40 a/b

) 0, )



1378

T A
S o0 lolee. @ 4
Sl 4 OaOoo
o0 & QVVDO \ = 0%

o ) 0o 4

\ )Q D
OOQOQDOC )/

%EE:E:E:,H:

t—
€
[€— ~.
<
€—
-
=

2,4 ACS S,

N ,,!&«v\ 7 ViF
Y EEI VIS Sy

120

100

20

1

120

1)

2)

3)

10472051

10172053

Eshelby J D. The determination of the elastic field of an ellipsoidal inclusion and rdated problems

(1]



1379

[10]

[11]

[J]. Proc Royal Soc London A, 1957, 241( 1226) : 376—396.

Hashin Z The elastic moduli of heterogeneous materials[J]. ] Appl Mech, 1962, 29(1): 143—150.
Budiansky Y. On the elastic moduli of heterogeneous materials[ J] . ] Mech Phys Solids, 1965, 13(4):
223 —227.

Hill R. A Self consistent mechanics of composite materials[ J]. ] Mech Phys Solids, 1965, 13(4):
213—222.

Christensen R M, Lo K H. Solutions for effective shear properties in three phase sphere and cylinder
models[ J]. ] Mech Phys Solids, 1979, 27(4): 315 —330.

Aboudi J, Benveniste Y. The effective moduli of cracked bodies in plane deformation[J]. Engng
Fracture Mech, 1987,26(2): 171 —84.

Mori T, Tanaka K. Average stress in matrix and average elastic energy of materials with mis_fitting
indusions[J] . Acta Metall, 1973, 21(4): 571—583.

Isida M, Igawa H. Analysis of zig zag array of circular holes in an infinite solid under uniaxial tension
[J]. Int J Solids Struc, 1991, 27(7) : 849—864.

Day A R, Snyder K A, Garboczi E J, et al. The elastic moduli of a sheet containing circular holes[ J] .
J Mech Phys Solids, 1992,40(5): 1031—1051.

HU Ning, WANG Bo, TAN Guo_wen, et al. Effecive elastic properties of 2_D solids with circular
holes: numerical simulations| J]. Composites Science and Technology , 2000, 60(9): 1811 —1823.
KONG Fan zhong, YAO Zhen han, ZHENG Xiao ping. BEM for simulaion of a 2D elastic body with
randonly distributed circular inclusions[ J]. Acta Mechanica Solida Sinica, 2002, 15(1): 81—88.

Numerical Simulation of 2D Fiber Reinforced
Composites Using Boundary Element Method

KONG Fan zhong, ZHENG Xiao_ping, YAO Zhen han
(Department of Engineering Mechanics, Tsinghua University,
Beijing 100084, P . R. China)

Abstract: The boundary element method was improved for the 2D elastic composites with randomly
distributed inclusions. This problem can be reduced to a boundary integral equation for a multi con-
nected domain. Further, considering the matrices of the tractions and displacements for each group of
the identical inclusion were the same, an effective computational scheme was designed, since the or-
ders of the resulting matrix equations can be greatly reduced. Numerial examples indicate that this
boundary element method scheme is more effective than the conventional multi_domain boundary ele-
ment method for such a problem The present scheme can be used to investigate the effecive me-

chanical properties of the fiber reinforced composites.

Key words: inclusion; boundary element method; 2D elasticity; fiber reinforced composite



