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Seismic damage research of concrete dam considering the
foundation material nonlinearity
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Abstract: The traditional linear elastic model cannot simulate the nonlinear seismic response analysis of
RCC gravity dam in strong seismic regions. This paper analyzes?the seismic damage characteristics of
Ludila RCC dam, when dam and foundation material nonlinearity? are considered at the same time. The
main conclusions are as follows: When the foundation rock mass and the dam use the nonlinear materials,
the foundation near dam toe is damaged, and with the continuous ground motion, the damage cracks
extend gradually to the depth of the foundation. Thus, the stress redistribution of dam body and the stress
concentration release at the juncture of dam foundation, which will not cause the earthquake damage at
the dam foundation junction. Therefore the earthquake damage area and damage degree of the dam are
reduced, which makes the dam more partial safety. The result will be more close to the actual, which has
certain reference significance to the guiding project.
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Fig.2 Finite element model of dam—foundation

il
[
1]
il
I
il

AR, RS B B B Bh TR S R R
B I —, S T T DA B S5 4 &
Wy B B S | A ), Sl i A PR TR R 4 dr
AN, K EE AT B B PR 5 Bk 2.214 6,
3.5173, 3.9060. 5.027 2 Hz,

WX SR8 12, 1&B5ZLEE AVINEE, 100
AR AR AR 2% [ S A R Bl 7K T e (B B
0.34 g, "] {E Nk B BUKF a1 2/3, HhR sk
WA 15 s, g DB H A AR E R, LiF
WUEZR AT, B, WUE W4 B R AU B
AR, MR 3 PR,

a7k H 71 2% ] Westergaard Bt fin Jit & 7 i3k 47 52
1, Rayleigh PH.JE £ i - b AL R R AV 21
B8 a=08539s", f=00028s, HAFHEL &
=0.05, HBIEFES PR R ARG N T St dkdT o4,
KINE X IIREE O RESE ER 1,

AR T T2 A, 9iPERiE E 74 18 GPa,
P p 2700 kgm®, JARALEE AN 022, KEER D
c=1.40 MPa, EEfEE 250 /=1.12, Wi ZRE G;=88.4 N/m,
A 23K (8) AT Jan Hb JE S5 A Y B iy b7 A o
S+ 24 1.07 MPa, Hb AL A 2 hy 4 75 B 7 R FHTEL ¢ 1
SRR sy b, oA il SR TR B 1 40
b £ X o FE AT AT 5 ok e . B 4 A TE
KA,

(' PRt 10 11 Y
I I” ’ ” l l i

i
|

IR IR/ (mes2)

H 1) /s

(=]
L

—_
1

(3]

, Ky TN (mes )

W
L

Hif () /s
3 b sk

Fig. 3 The earthquake acceleration



252 30 4 085, 5 R L IR R L U R U RS 59
x®1EELSH
Tab.1 Concrete parameters
g biodic AR b g PO 9 i e W 24HE
AR L /(kgm®) /GPa /MPa /MPa AL /(N
R I Co025 2552 43.8 2.72 24.23 0.167 300
R I C9020 2552 37.8 2.34 19.38 0.2 257
R II Cool5 2552 29.0 1.94 14.53 0.2 205
3 0.03 )
KRS — R B
2s 001 . B
}\ -=Cl15 3\;_()_0(1) ‘ i
24\ ~0.02
s \ —€20 o,
S1s54 W\ €25 ~0.04
R — LA -0.05
= -0.06
= -0.07
3 6 9 12 15
0 Hs 1) /s
2 % I [f 37
. 0002 LEPEIIE - AR P B i
0 0.0002 00004 00006 00008  0.001 -0.004 | ,
FFE R /m £-0.006
I- 15 -0.008
~0.01
0.8 ~0.012
0.6 ‘ ~=C15 ~00l4 g 6 9 12 15
- —(C20 il
ﬁ“‘ (25 ] 5 RN TTRA A FE R i 2%
E;Oz_ —Hh LA A Fig.5 Time history curve of displacement
’ at the top of dam
0 T T T T 1 S.Max.Principal
0 0.0002 00004 00006 00008  0.001 OFH1: 75%)
TR m +4.7086+06
4 AL i 2 Wi
Fig.4 The damage evolution curve 1%?223%2
e
3 RS L97k06
+1.581e+06
i
. e
3.1 itk — MEKRH DI B osseios
+1.741e+
WA - HbFE A Z v b 56 45 W0 FH st 44 BH AN
JELEARE, AR IR, JE B 2% )8 T Ak (a) 2 A P Hb
RS PH R RIS, B 5 A R TR AE % 5 2 e i S Mo Prineinal
o N . O, Vax. rmmpa
s B 6 AR TR R K EN =B, H CEH: 75%)
5[5, PR A OL T AT K AR R F2 B R lﬂ%ﬁg
- 4.030e+06
1 ) b e o R I P A — 3, ph Il 6 AT %0, D %%g%
> +3.228e+
P TN B B H 40 A X SR B AR R, EEASEB A 1%%%
FENEE . WAL, EUrsal, BT ik b UL % 1&%&
TR R L, S R ) R TR i%@%
I Y Vo [ - N oy 2] +4. +
(OFCRIBR B, AT T LA TS B ik 2 (Xt IE ik 18810204

Pefiiss, Al RS kAR IRL R BIR, H
e G EGPE A AR, X SRR L A Y
B AEIA i/, B AT DA H b R R TR 2t
PRSI 4

(b) AR L b Bt
B 6 #hRw TR B R £ B ) < B
Fig.6 The maximum main stress of the dam
under earthquake load



n

60 o

wode O K

A
2

Y,
2

® (8 % B W) 2017 4

3.2 ifk — R R ER GBS

AT AEL RS I B2 it Ze AN K 32 B ) = B A e
T LR = A A 5 O DX, 4015 T AL e Y
ARG IR, RIBLIE 7 FnlEl 8 28t T itk
- MR IR RUTERVG T RAHEA, BoR T WUk - Hhdk
TR R P R AR DL BRI R R . TR T bk
R HZG R P BHIT I A B 05 s 1L, 18] 8 sk
FHAEZ AT U - HhAE 0k R A TRAL

HE 7 /LR, EEAEERT, Uk -
AR RAE 0.5 s A AEASAIRE, BRI
B R AR RN BT IAL, Bl bR T B
S, TR BB A ) U R R Y 4
15%48E, FFHIBEAL th IR 75 284, £ 5.5 s
I T e Hr e AL 4610 28 BL e il i, MR )
SRR, MR R AWK, JE AR g i R AR,
BRI IR T i RH b BB 6 Z5 R 4 R4k,
o AR A E T 19.48 m, f K AYHE R A
%84 H 42.92 m, HoWras R 5ika5%E "
OB Sy W AE R R BRI, DT AT A BE B %451 75 7
AT R A I R R A5 175 7T 2

H P& 8wl G, E MR SR A 5 T INE, f

DAMAGET DAMAGET
CF: 75%) CF¥: 75%)
19.6226-01 +9.690e-01
l +8.820e-01 l +8.882-01
+8018¢-01 +8.0756-01
17216001 ¥7267e-01
16414e-01 16460e-01
+5.613e-01 +5.652e-01
+4811e-01 +48456-01
+4009e01 14037e-01
1320701 13230e-01
12405601 2422601
1604601 116156-01
l +80186-02 l 18.0756-02

+0.000e+00

(a)0.5s (b)3.5s

Bl 7 M R FH RS PR RN L P B 2 R 5

Fig.7 Tensile damage evolution of the dam when the elastic model is used in the foundation

(a)ls

1h)3.5s
B 8 b AL R FHA G A I L s - b i R B2 R 5 (st

Fig.8 Tensile damage evolution of the dam— foundation with damage model considered
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foundation system
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