BEnE K1/ ERNFETRER 23(1): 12~16
2004 %51 A Chinese Journal of Rock Mechanics and Engineering Jan., 2004
———————————

SR GIEES TR R R R B EQ)
— &K [FE

£ F'? BER' EX®E? IRE!
CRIEKRERBE LA WM 110006) CREBTARE I AKFERREATERTEEREAIRE K& 116024)

RE FESBRRZHRRAN—AEEHE. N—ROTERELR, BT SEELNIEEETHINHS
XBEER/NHEIRE, EUTHEREM, HES T SERGENIEET MR B 407 108 (i 55
B, S THRMORERS. SRS RS AR ENBRAN Y, FMUESN S RRLRTE. HH
WA, TELERSE SRS NS4 RS2 5 5 1 WS & B R L A0 R )RR ST 15 302 5 2919
LM E.

RENA ERH%E, RS, ST, B, BBHMT, S XHRET, BT

KES 034, 0242 XHEIFRE A XEEB/S  1000-6915(2004)1-0012-06

ELASTIC AND ELASTOPLASTIC ANALYSIS METHODS OF
DISCONTINUOUS DEFORMATION FOR MULTI-BODY SYSTEM(I)
—— FUNDAMENTALS

Li Yong', Feng Xiating', Luan Miaotian®, Wang Yongjia'
(‘College of Resources and Civil Engineering, Northeastern Univesity, Shengyang 110006 China)
(Department of Civil Engineering and State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology,
Dalian 116024 China)

Abstract Discontinuous deformation is a fundamental character of multi-body system. For the general plane
problem, divisional parameter principle of minimum potential energy is employed to establish the computational
model for discontinuous deformation analysis of multi-body system in this paper. Mathematical formulations of
global controlling equations of elastic and elastoplastic analysis of discontinuous deformation of multi-body
system are presented and the numerical solution approach is developed. The mothod can not only perform both
static and dynamic coupling analysis, but also conduct step-by-step simulation and prediction of deformations and
stresses of multi-body system together with complex nonlinear process such as contact stress and relative
movement along contact interfaces. The theoretical basis is established for numerical model of discontinuous
deformation computational mechanics.

Key words solid mechanics, multi-body system, discontinuous deformation, elastic analysis, elastoplastic
analysis, generalized finite element, contact force element

2002 £ 3 A 8 HUREIVIRS, 2003 %5 A 25 BF sk

* EXEEMTT SR RARI2002CB412708). HEBRBETELIMLEIH L. EFRAKEESHHIE (71048). FHEK HAREEL(10172022)5K
ER T REFTERIMIEFLSRBTE.

& B B MM B, 328, M4, T 2000 4 12 H~2003 4 10 BERIE KN H B S, BEREE T A% T AKF S84+ TR
UHm, EEARUA L %S TR S S HEOPR T, E-mail: youngliscy@sohu.com.



B223E F1M

R BY. SRS RIS T HE()— A <13

itk

1 H

FEERFHEARNERTEERORE, 5+
TRENME R SURE ¥ B b AR Y 4
PFTHIREI A Z R RS KT ARG EOTR
ERN AR LEMYHRTNEERE —, WHE
AR EREFERIEZ B RE R REES
ZHREE, T HRE. BB B
REREZREZRRLE, RSHEANOTR. hibE
HREFFRXTTHRE, EHRLH) XM E
TRER S PR L, BT ERE RSN
XELN T FMF R MG LM T, R
—HFBTHNE R T 2 R G R B AT R B
BT, HXSEREN FERR LR GE
190 R A — AT R T, T LA A A
At R, T LS VT LA A B P e R 4 i
o BRI HIZET RO REENERY
HBHARMRR, BT EHhREIELTHMM
HRBBUSTNS K ST RBADHEEE, R
MR T %R R G AR SR T M RN BB k43
FHE, ST HBEERIROEENR, HEi
T HEERF T .

2 FEBEAESTEH—RER

NP GERE, BERANSHRR
KEmMYEER. SO RSN 0,
BANDENMTER 0, UF A 5(02,)=5 USIUSE
Her, se B, sohshhiafi, sk
UF Q=3 02,6=1,2 =, m) s(!))=le.<¥(n,.)°

i=1

S E BRI N, EEERLREMET, KR

1+ At R Z R RGN, BIRE N % m 8

WRo.(x, ) o,(x ) 7z y)]" REBERAR

BB [u,(x, Y) u, (e, P MF RS BEHE

[o, 7], FFERBHTIG T MEEESI RO,
() A% LW PR RS

~[ 0 3]
19 9\ 2p—pa 1
B ( ayJo‘, b,—pa, 1)
e,
B(a 'B)=l:; Z’;} ’ ai={aix Oy T"Xy}T’

KA by v Ma; 5 R E § (IR B,
LR ENIE BN, p, WY REHE. &
ﬁv, =l.li 'y a; =\:’,< =ii,-o

(2) BF LKL E S

ETY AR R — S LTSS R R T
Rk A

=50 0
& = —B(a; 5]“,- (2)
(3) VB LB AR
MR, HAMXRTRESY

o, =D, A3)

SRR R, FL A Mk R AT Rk 4

T
g, =D, (s,- - 8}’) (42)
fou +0, & +eb kP )<o (4b)
&= (agip /aai )T (5ip - 517) (40)

6]}’

{zo M £ =0/t d)

=0 HfP<0of

KF: D, AW EMBE A RBGERE, 3 TR
YERRE W7 i R E, RIERA L o, R 23%; £o R
gP 53 2y SE T PR OR ORI S R s o K IB AR
RE: 5 M s A BIH R+ A HRI NS
B kP R S BB,

(4) Akl EMRE AR

LA R j AR E e ), 5o BRI
BMFE, py RoR RGBS, po RTEM
TR, go RN o B 2T (8 B A 5 A X B
B, g RNWYMAI A A EE R R, NG

fles +25)- £,(p5 + p5)=0 (5a)
H,
(g5 +g5)=0 (5b)
(P + p;) <O (5¢)
hy n;
8 =[g,-,°-n guc‘s]T =(‘ Lu; Liu,)’ L ={ ’ } ’
—hy Ry
pi=

[O'vc'n Tryc‘s]r=’LjET(”jx’ nj-y)a,-=L,§T(n,,, n,-y)cr,-o



14 BERHNESTRER

2004 &

AF: fOARSBEE R, £, MERAEN, L
AV | EEMFEENEL TR ERE. By
B RN LB Y E AR E L R E B E AR
FAent, HABEEANE, HATHERE: RZ
HAFEERXTHRETE, WA THESRBRE.
(5) EFMH
R SUL TS LS|

u, =1, fEUF s £ (6a)
R Fid 444k

p=B"(n, ny)e, =-p, EARss Lt (6b)

¥ p=lpe p, T Bi=[B, B,I" HEKMNE
K5 ng n, IV § ARESNERIT AT x 5
y TR,

3 BURMEBHT XAREAT

B R ETTHE XY, HHAMERY
L ATRR N M IR T, ML AHRR N
I TR OB A PR T, AR
BB A IR T | MR (R S (BN
RS MBS RTRTR

‘u; =N,U, @)
R N ABBEERERE. U, N X E .
SFAERHE ™ AR TT { (IR H TR

0', = D,'a,' (8)
TR XHRAT i N HE
0= Di(gi "8,?) &)

[ B8 A 2 B R (4b)~ (A I A R &k, X,
¥4k A9 5% 2 A Coulomb S ARk ) B 48 1 F3% 30
TN, LM ERFIN

- M!D,EU, - MP!DG! (67 - 6})+ 47 =
K® - M}, (102)
MoP =0, A2=0, =0 (10b)

Fr

T
1—81 - € —l—el —l“e] — & l—el
Mipz —l—el —€ 1—-e. 1—e| —-€ _l—el €3

2e, de, 2e, —2e, —4e,-2e,

l—ez — €3 —l—ez —l—ez — €y —l—ez
G,P= —1"92 - €y l—ez l—ez — €3 "l—ez €3
230 480 2e0 —‘260 —4eo —2eo :

E = jj— (— ——JN dxdy/”dxdy

K,-fp = [20,‘ 2C,‘ 20,‘ 20,‘ 20,* 26',] ’
o =lor sy o 87 03 8]
ap =l e a2 ]

KH: e =sing,; e,=ysing; e, =1/cosd,; e =
YNB s 2 R REERAAT R, AN TR,
y AR T, 2y =1k E5REHE N A KB,
Hy 1 FOAIERERR, Feal, By =04
HRARIERERM, v <0 B BMEEE IR R BR I

4 BRI TEIE SR

METHEE R, B e B &, &
ST AREGA T N R SR K B
BR/NAEENRE, htTESSARLNEHA
BHTR,

HEZRRRLER SR L, HA &
FIEH S A REHEATHE RIS TR m N AL T
RZA, EEAFX ETHREEREEwE X E
BRETE, S HRBETE A n, , &I HRE
TOIB) A A 32 8 T (B A T ) PR e ) TSl b 2. 4
R X HRETHERRBNDE LRE A LT,
UTMRBHSPXAHAMBMFL)MDEERN
A,» FHS(4)=S,USiUS;US;» S;» S, s;H
S, SRR R RHAR Bt RSN
o BRLEMZ, IS T AR B
REMAVIERL ST VIERIAR . HI45% BRI 46 i
B3N Hhe,, &, vHla . EA AN, REH
AZHGRAOTEMBAS MBS N b A
P RAENMBHE. EROGE. MELME. N
HEBRNANES e, v, 4, o Fe. MRS
HEANAE RN AL S » 30 TAERR X PR B8 T4,
S I BRI R DG B R N AT B HG B
W, =- IB (ner 1,)0,(du,) ds+ jp,(o"u,,) ds-—

n "

IL;pj‘,(Su ) ds+

k=1,1= lk—l I:_/s

|8 - pa)ou,) dxdy (112)

Aj



B23% By

o, == [B"(ra @) 5+

H[

Ay

RBETNRIE, ST R T &5 F B
ZHEME, WH

jj(sul)[ ( ’ aay)o'y'_(bi—pia,]):ldxdy—

Ay

Jeou)"

9168
SUUSQ/

Ja’u(Su,,) dxdy (11b)

~ - n ek
(BT(n,,, n)o, +Pj— Y 2 L,T,p;,,)ds=o(12)

BT A ou RAERH, AN BREHER
SR S P E TR FA R 4R (6b), Bt
HRTERRETFENR S £ S8 ELHE
DIRIENX, MNTERTFR i & XAEZE TN

2”. g;Dye;dxdy—

J= ’A,

S [u5 (o, - )axdy -

J=1 4y

i J. u;{ﬁu_ i z Lup,k,J

J=1 S:;US,;, k=l I=1 k=i, 1%}

Z [Jesp,epdxdy (13)
Jj=1 Ay

RF: FB1IATX i N RAGEE, B2
RBHARME, F 3 R HAEEHHEN
B n, AFX i BT, n, W FX i BT
' ~ 0 0

$. WEBle, =—B(5;, E)N”U"" & = GJ(6] -

o) . BUHEAMET RM—MBHHEE LM
R™A

811, =3U][K;U; + F, — N[ DG} (8} - 8) -

CwR, - F, - F,] (14)
K,

K,=§K,;’ CR,~="Zi i i CRUI:I’
= :

J=t k=L, =) k=i, )
[/ n ]
_ T
R=5 5 S R G [ENGTs,

j=1 k=1 I=1 k=i, I»j
J 1 J Sjkl

Nej
F, =ZFqZ » Fy, =Z J‘J‘M;'.piaij dxdy-

A

R BYE ARG R M T () — AR <15

AP o, NAZRE, R ARBNESHNS

AR, TN S EM T CERE

TCHIZIR &4
2 I, 5 h
8T, =(8U,)" KU >0 (15)

TRZRRAE LA TG0 RIS b7
KMo XSZRB/NAREFEET UER Y : EZ5R
KHIHRTTERS RS I EREAT, S TEE
TR EHAMBURFENTELBS T, KA
MBS AR i 1T, R/ ME, R
MABERBURT RS MBS NSER, DR
94 A2 Bl ) SRS A ) U PR B TE A A SR 4 £
X R B A RRAE A TY M R B o T A
A, HETTHESSARANEATEE, B
ik B fih o T b R BB T SO R B TE AR
SEHTE, RTUGRALHRREIESTRAH
Y R BRI S AT T IR AR I T R

5 FEETHSNELSE

WiT 4K SRR SELERE, R Newmark
RHERA B, B @ = au/Ar - av, /At —%Ea, f

v=,§u/At—/_iv,+(l—%/7)a,At, Z=a, F=pla,

a Mg ARG EH. MESTEMEHIEME, T
BB T AR SR TG ) AR BB 53 AT A 3
R

KU-C,(6"-68")-CxR=F (16a)
H5° - (G°U +G?)=0 (16b)
MR +R)-K%+2°=0 (16¢c)
2°0°=0, 120, § =0 (16d)
MPDEU - M°?DG" (6" - 87)+ A* = K® — Mg, (16¢)
P67 =0, A =0, 6°=0 (16f)
K,
K=Y K> C=)Cpr Co=)Cxi» F=D F,
i=l i=1 i=1 i=1
HARF = i RIE R N3L[9].

TTRE(6) BB T IBAERITE, HR
ZEBR(16a)PHRIBHETAMRN6e) KA (16), BN
FAMES AT RIS, CRWHE B mTEN%
RARKEETANAE, THERERITHRETE,



‘16 BRNFESTEER

2004 £

6 FiEIRiIT

T LM RA(6), BRERERRNTT
SR E R, T IR A SRR T AN,
PAESK A o

m(16a), ARG

U=K"[C,(6" —67)+ CxR+F] (17a)

BHAAR(16b), FTEF]

R=K[H6 -G°K'C,(8* -87)-G°K"'F -G[]
(17b)
Reb: Kp =(GK'Cr) -

¥ ERARAR(16c), WTLLEE]

A5+ X0+ Xp8® =Y° (17c)
K. Xo=MKH, X,=-MKGK'C,,
Y= K* - MR, + MKy (G°K™'F + G )+ X 07

HBRA7)FRATOMRAR(16e), BHETF

274 X8+ X,p0" = Y7 (17d)
A
X, = M*DEK"'CyKxH » X,, = MPDEK™'C, -
M°DEK-'CxKxG°K~'C, - M°DG®, Y* =K® -
MPG, - M°?DEK"'F + MPDEK " CiKx(G°K"'F +
G)+ X, -

BALR17) PR (17d) B R B AN R &K

Qe6dyfiR(16f), LA B AN R4
A+ X6=Y (18a)
16=0 (18b)
Hr,

e S5¢ ch ch V&
‘ ;- = ’ 6 = ’ X= ’ Y=
ip 6p X pe XPP re

T LHErAER R E AR R, B AR TT
=4 Dantzig 32t i3 JoiH Z35M Lemke #2HME
W HEES, Lemke HiGiHHE HSER, E
B SRR BEE SRR, Rl T R

7 &

A SCAES A T A P R G TS M R
SE ) B — MO TR R b, B SO R
BT AT AR B, BRItk m ks
RE RS TR, MR, BUTE
R GAR LA T B BB ST T IR A R
STRR/NGEEE, NTTEY TR, #

ST ERRBABHIEE, AN T HRFEEZE.
e S0 R TR I T K B A AR SR R R R D R R
FEL N PRAE—R, MNTEE AR
ML ARG R SR M R B AR T
e 5 A0 8 B R AR A R R P . SRR AA
BRI R E e 2 R R 3018
AR, AW ESCH ML R RGEHLER
R, B 0 % R BAE i Rfd J BN
He

e LA T B AR R AR X 2 B 8 STk A
IR B TS AENRETE T EREF N TA:
(1) BER IR BANRERF MDA T AR 2R
G IIRRE ST (2) REMLEELEMIRILELE
N RFTARN BT RS, RARESENES5EE
S E % A A SR THIY) Mohr-Coulomb PEHR
fuldE W RARRE ) 1 22 S 5T # . (3) AEF LK
KRS RGN EMAE, 8- MEPNIT
— WM SR SR, KRS THHHEILIE

o

TEE KT B AR BE IR BT A 3B
R RITTERIN L .

B EXH

1 R, RN RRPSURREFHENLRBIIRD). h¥EF
M, 1996, 28(5): 633~637

2 XERE A RIILRERROSRRESNNED]L hEFEH
1997, 29(1): 84~94

3 ERE, MO, MEXE TURRGEBERNRE RS
ER QR ZE]. HHRFEM, 199, 11(4): 37~42

4 Bimsd RRBEATROFSERRIENAD]. MiEREER,
1996, 24(6): 39~43

5 MER EWD SARKE T ARER-EREHED). HHH
M, 1999, (3): 295~301

6  HERAK, R RI-REAREIHNERBERSD. HAKEN
1%, 1999, 20(10): 1087~1093

7 Valembois R E, Fisette P, Samin J C. Comparison of various
techniques for modelling flexible beam in multibody dynamics[J].
Nonlinear Dynamics, 1997, 12(4): 367~397

8 Bauchau O A. On the modeling of prismatic joints in flexible
multi-body systems[J]. Computer Methods in Applied Mechanics and
Engineering, 2000, 181(1~3): 87~105

9 R B EEEEHUENERRRAES T TRP N L
AR D). KE: KREBTKE, 2000

10 BT SRR, RARM. 3RBESFEEEHETETNNEMM)
ez Bepdifiidt, 1997



