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Preliminary study of composite element method for dynamic analysis
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Abstract: Composite element method (CEM) is a numerical method suitable for discontinuous media structure. The main advantages
of CEM are that the discontinuities can be ignored when creating grid, but the discontinuities can be explicitly simulated when
calculating. Based on composite element model for static analysis, the composite element model for dynamic analysis is implemented.
The formulas of mass matrix and damping matrix for dynamic analysis of CEM are presented. According to mass matrix, stiffness
matrix and damping matrix, the inertial forces and the damping forces in composite element are converted to the generalized nodes.
The control equations for dynamic system of CEM subjected to the inertia forces, the damping forces, the dynamic loads and the
elastic forces are formulated. A seismic example of a concrete gravity dam on a rock base with two faults is computed by the CEM
dynamic analysis program. The results meet well with the solution of finite element method (FEM). It shows the validity and
effectiveness of the new method.
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Fig.1 Composite element containing arbitrary
discontinuities
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Fig.2 Local coordinate system of discontinuity
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Fig.4 Duration curve of input seismic acceleration
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Fig.5 Finite element mesh
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Fig.6 Composite element mesh
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Fig.8 Rock sub-element at the downside of faults
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Fig.9 Duration curve of dam crest accelerations by FEM
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Fig.10 Duration curve of dam crest accelerations by CEM
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Fig.11 Duration curve of dam crest displacements by FEM
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P #/ em

HIE 9~12 ATk, R&PIuik AT Ioeik it
HARARRRAL, WS P Iusl )1 KIS

AR ERA o (E 30 R B LS L it
RS, AT SRS A FR AN AR,
JEFK R B AR ELAE T S M i & B 7 50,
FEL A M= S N A

5 ZiiERES

FER A Tk v A ISR 1, Sl T
B &I i, ZInEn T Tt ANE
HAr AR W . 25 T 3 1 73 KR 5
TIE TR AR A BEL SR A B R B AR R IA S,
AR IR RE AN R HE R A T A H T
FRKIAELIE AN BELE o 20 e A8 2 2 A5 STy Y
N SR YA 4 ¢ S NV EW S N DA i = W& K W]
TERI N IR & oush I R dlr fedl, KA
Wilson- 0 J5 iR P H5 f 4l .

G SEPL ERSE, ML ANMEE NS 2 &M
JZE RS IR = o ), R A Tk Eh
NIV HAS S T AR NI EmA R R . R
THELEIRNAT IRTTAERT LE,  TELA PR T iR
WIS RS, LI th VA I IE R TEAT A R
HI TR A TR AT AR B (A 5, A B IO AR Rk
AN SR TN AT BOR PO, IARGE &1
IR - TREEG B I R T R 1A T KA
SEIIHT o

B SRS M) = YER Y FT AL BN
22 I B s TR T, ARSI S R
HELEI I 0, SR T YERE DL, RAR =%k
R AN IE S A 8 ) ok SRR i 2t — D58
o BAHIUITIRAERR A R AT AE AN SE
T I BRI AR, (R TR A JRE IR AN S 5 1
Eb e i 2 A 434 1 1O 4% Fies%, H e
AL R, MR G5B A IR 73 AT ARAT
B fECAR MR G Pouki 8, KA
TEARIBPEAR SRS Y, SE BT B TR I
BEAT R R B ISk M3 S R AR
ZINL, RN DR N, S SR
ARSI EGIERE DI D RS T#ET. 4
R RER BRI S I N 5 H ik sl v 5, )
REHS SN TRE SRS o

2 % L W

(1] ZEE, MR, BRfils, 25 g5 My-Hdksh ) A0 0 1 )
BREAE T E AT, HE TR TRAEYRS), 2005,
25(2): 169—176



1680 s % 2010 £
LI Jian-bo, LIN Gao, CHEN Jian-yun, et al. Study on [91 A, BRBEZE. I EA R ) &2 & ooyl o).

(2]

[3]

[4]

(3]

(6]

[7]

(8]

time-domain numerical methods for dynamic analysis of
structure-foundation interaction[J]. Earthquake Engine-
ering and Engineering Vibration, 2005, 25(2): 169—
176.

FAE Ty, BRIZHE, i, SiOl-hhe R g =4 IE 2k
PEHLRE SN AT[T]. KA AR, 1997, (8): 7—14.

DU Xiu-li, CHEN Hou-qun, HOU Shun-zai. The
three-dimensional nonlinear earthquake response analysis
of arch dam-foundation system[J]. Journal of Hydraulic
Engineering, 1997, (8): 7—14.

SRACHE, WRIZHRE, AET), A& SLIUUFSUERE 2],
FKFZEHR, 2000, (11): 55—59.

ZHANG Bo-yan, CHEN Hou-qun, DU Xiu-li, et al. Arch
dam abutment seismic stability analysis[J]. Journal of
Hydraulic Engineering, 2000, (11): 55—59.

B, RN, Boute, & A i RE i =
Y B HOCBAE B[], TR R AR A AR IR,
1996, 36(10): 98— 104.

LU Jun, ZHANG Chu-han, WANG Guang-lun, et al.
Three-dimensional distinct element numerical model for
static and dynamic analysis of rock mass[J]. Journal of
Tsinghua University(Science and Technology), 1996,
36(10): 98—104.

SHI G H. Discontinuous deformation analysis: a new
numerical model for the statics and dynamics of
deformable block structures[J]. Engineering Computations,
1992, 9(2): 157—168.

HKTF, K. ANELES U A ] R S I JGVA M.
AB5T: BRe HiRRAE, 2000.

AR, VE T, MR SRS ICIES) I AT IEILLT].
A TR, 2007, 26(3): 608—613.

ZHENG Hui-feng, WANG Wei-ming, CHEN Sheng-hong.
Study on block element method for dynamic analysis[J].
Chinese Journal of Rock Mechanics and Engineering,
2007, 26(3): 608—613.

CHEN S H, QIANG S, CHEN S F, et al. Composite
element analysis and justification for the rock masses

reinforced by fully grouted bolt[J]. Rock Mechanics and
Rock Engineering. 2004, 37(3): 193 —212.

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

717, 2007, 28(8): 1544 —1549.
HE Ze-gan, CHEN Sheng-hong. Study on bolted
discontinuous rock mass by composite element method[J].
Rock and Soil Mechanics, 2007, 28(8): 1544—1549.
CHEN S H, XU Q, HU J. Composite elements method for
seepage analysis of geotechnical structures with drainage
hole array[J]. Journal of Hydrodynamics (Series B),
2004, 16(3): 260—266.

CHEN S H, QIANG S. Composite element model for
discontinuous rock masses[J]. International Journal of
Rock Mechanics and Mining Sciences, 2004, 41(5): 865
—870.

VREEZE, BRI, BB BT &G otk &t
J1%#, 2005, 26(5): 745—749.

XU Gui-sheng, CHEN Sheng-hong. Unconfined seepage
analysis with composite element method[J]. Rock and
Soil Mechanics, 2005, 26(5): 745 —749.

BRAR, BRI, AR BNB IR STk R B ) R A2
RGBT, A AR S TR, 2007, 26(4 11 1):
2613—2619.

XUE Luan-luan, CHEN Sheng-hong. Composite element
model of seepage-normal stress coupling for rock
fractures[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(Supp. 1): 2613 —2619.

QIANG S, ZHANG Y, CHEN S H. Research on the
pre-process of three dimensional composite element
method for discontinuous rock[C]//Proceedings of the
Sixth European Conference on Numerical Methods in
Geotechnical Engineering. London: Taylor and Francis
Group, 2006: 283 —288.

KA DT . A BRIk 5 N H (55 —ROM]. dExt:
HH L RZK HE H RBAE, 1998.

Rl g, &S K T a5 M]. dbat: o B g HRAE,
1999.

QIANG S, ZHANG Y, CHEN S H, et al. Application of
composite element method to Pubugou underground
engineering[C]//Proceedings of the 4th Asian Rock
Mechanics Symposium. Singapore: World Scientific
Publishing Co. Pte. Ltd., 2006: 169.



