29 6 Vol. 29,No.6
1997 11 ACTA MECHANICA SINICA Nov. , 1997

Galer kin

1)
( , 100088)
( , 10C084)
Gderkin
,BIEBEM , )

) , 1979 Srtori
[ Costable  Wendand (23] Maier, Polizzoto  Novati (4 6]
Gderkin . 80 o

1 [10]
Galerkin ,
,Galerkin ,
,Srtori Maier
Gderkin . )

, Gderkin

1)

1996-02-14 ,1997-02-02



1 G &lekin
Galerkin Betti

Jetp O - [ 10 (ITTP(IR s+ [118 (01T () = [0 " (010 () (1

u7p 16 10 -Q ,r

u () |« =IFGUUF*d' +IrGupD*dr +IFG@@*dQ

0" o) Ith r- :Irepup*or f{rmppD*d_ +IrGW@*d§23 -

0 (%) |y 0 :IFQ,UF*d' +IFG,pD*d' +Irczn®*d§2



:Galerkin

747

P :J'Q[LIJe(X)]TlIJc(X)dQ 53

Gderkin
: L(3),(4)
(6) (3),(4)
(3)
J K
U™ ={U:, ,Un, ,U}, Pl ={P1, ,Pm, P}

eT N ell 1em1 !OK ’ Z
{ }

Galerkin

T:{zl! yzm: 1ZK}

Pul(x) ={Pu(x) Pum(x) Pul(x}
Wp(x) = {Wp(x) Wpm(x) Wpaey (X}
Wo (x) = {Ub1(x) Wem(x) ,WPoK(x)}
Ws (x) = {Wsl(x) Wom(x) WoK(x)}

b () P hm (%) 0
m = = u,
" 0 Whn(x) P
Pia(x) 0 0
() =| 0 Wii(® O ., h=8g0
0 0 Yia(x)
(8 ,(9)
( ), (12) (15)

ll-'hm(r]) = ¢hm(r])q',hm,

Nh(h= u,p,G,G)

h: u’plcle

(9)

(5)

(3),(5)

(10a,b)

(11a,b)

(12)
(13)
(14)

(15)

(16a)

(16h)

. (16)

(17)



748 1997 29

d)hm (ﬂ ) LIJhm . ) (8) ’
(9

th:[‘PH]]'I[%(x)]Tth(x,E)%(E)dxdi-LPK, hk=up0; H,K=pud (18

3 :[we]TQ[%(X)]Twc(x)dQ-Wo-z (19)
Wi ={%Yu, W, ¥Pmn}l (20)
B = { A, S hm(x¥), b (X} (21)
(7)
S[(B'A'qg+ @l + (C+ BTA'B)AO] = AT (22)
Ao
2
(22)
fO) = YK) (23)
K
o - 2L 2
[11,
12].
1) (22)
2)
3)
4) :
5 AOEP) , (22)
6) , max (|€PE4] )/ max€}) <to lerance 7, 4)
7) 3,
3
Galerkin
1) . E=2000MPa, v =0.001, A = 10cm, Og=
10 M Pa. , 8 23

72 49



6 :Galerkin

749

190 %

cE;D"

Fig.1 Numerica resutsior pure kending hroblem

10%. 1
121
3
8 L
4}
S
g 0
i QHOE
— Analytical
-8l = LOE
-12L
1
2) a=10cm,
g=10. 951M Pa, 24 63
5MPa, 128 81 ,
15
,r”,‘\.\'\-.
10 P ‘l_..__‘__.

stress / MPa
=)

—e- Numerical o,
-8 Nunwerical o,
-~ Analytical ¢,
— Analytical &

14 16
radius cm

Fig.2 Numericd resultsfor pure
bending problem by QHOE

Gaerkin ,

; (3

: - (4)

b=20cm, E=10GPayVv =0.3,0,=20Mpa.

stress / MPa

(1)

~s~ Numerical o,
-8 Numerical o
—— Analytical g

— Analytical &
10 12 14 16 18 20
radius cm
3

Fig.3 Numerica resultsfor
pure bending problem by LOE

. (2)

Galerkin



750 1997 29

1 drtori S. Generd stressandyss method by meansof integra equations and boundary eements, Meccanica, 1979, (14) : 210
218

2 Cogtable M. Symmetric methods for the coupling of finite dements and boundary dements. in: Brebbia CA , Wendand WL and
Kuhn G. eds. Boundary Hements Ix, Vol.1. Berlin: Sringer - Verlag, 1987, 411 420

3 Wendand WL. Strongly dliptic boundary integra equations. in: IserlesA. and Powd M. eds. The Sateof the Art in Numeri-
cd Andyds. Oxford: Oxford Univergty Press, 1987, 511 562

4 Maer G, Rolizzotto C. A Gderkin gproch to boundary dement dastoplastic andyss. Comp Meth Appl Mech Engng, 1987,
60: 175 194

5 Rolizzotto C. An energy gpproach to the boundary dement method, Part |: Hagic Solids, Part |1: Hastoplastic Solids. Comp
Meth Appl Mech Engng, 1988, 69: 167 184, 263 267

6 Maer G, Novati G, Srtori S. Symmetric formulation of indirect boundary dement method for dagtic - plagtic andyssand ree-
vant extremum properties. in: Tanaka M, Cruse TA, eds. Boundary Hement Methods in Applied Mechanics, Jgpan - USA
Symp on Boundary Hement Methods. Oxford: Pergamon Press, 1989, 215 224

7 Maer G, Novati G, Cen Z. Symmetric Gaerkin boundary dement method for frictiond contact and brittle fracture problems.
Computational Mechanics, 1993, 13: 74 89

8 Srtori S, Maer G, Novati G, Micooli S. A Galerkin symmtric boundarey - dement method in dagticity : Formulation and imple-
mention. IntJ Num Meth Engng, 1992, 35: 255 282

9 Maer G, Novati G, Srtori S. On symmtrization in boundary dement eagtic and dagtic - plagic andyds. in: Kuhn G. and
Mang H. eds. Di<retization Method in Sructurd Mechanics, IU TAM/ IACM Symposum, Vienna, Augria, 1989

10 . . : ,1992

11 , . Gderkin . ,1994( ) 1283 286

12 , . Gderkin , . )
,1994. 22 26

QUASI - HIGH ORDER GAL ERKIN BEM FOR
B ASTO - PLASTIC ANALYSIS

Liu Qingiun  Cen Zhangzhi =  Xu Bingye
( Bejing Institute of Automatic Test, Beijing 100088, China)
" ( Dept. of Engineering Mechanics, TsinghuaUniversity, Beijing 100084, China)

Abgract A two - stage interpolation Galerkin boundary element method called the Quas - High
Order Bement Method (QHOEM) is proposed for slving elastoplagtic problems. In the initid
stage, it uses high order elements to interpolate the coordinates and the variables. For the numerical

integration involved , it further usesinterpolation to decompose the high order elementsinto low or-

der elements 2 that the existing analytica integration formulas can be gpplied. By doing this, the
proposed method yid ds good adaptability and reduces the computational cost. Numerical examples
are given to demonstrate the eficiency of the method.

Key words boundary element method, softening anayss, quad - high order element method



