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Dynamic analyses of a high earth-rockfill dam considering effects of
solid-fluid coupling

WU Yong-kang, WANG Xiang-nan, DONG Wei-xin, YU Yu-zhen
(State Key Laboratory of Hydroscience and Engineering, Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In the process of construction, impounding or action of earthquake, the solid-fluid coupling has a significant
influence on the static and dynamic responses of earth-rockfill dams, which should be considered in the seismic analysis.
Taking the Nuozhadu high earth-rockfill dam as an example, static and seismic analyses are conducted by using the solid-fluid
coupling method. The Mohr-Coulomb elasto-plastic model is employed to describe the mechanical properties of dam materials.
The construction of the dam and the impounding of the reservoir are simulated in the static analysis, then on the basis of the
static stress field, the dynamic response of the dam during an earthquake is investigated using the fully-coupled nonlinear
method. The evolution of residual deformations and the accumulation and dissipation of excess pore water pressure can be
calculated more reasonably. The results show that the excess pore water pressure accumulates gradually with earthquake, and
the maximum value occurs at the bottom of core. The acceleration amplification reaches the maximum at the crest as a result of
whiplash effect. The horizontal and vertical permanent displacements both reach the maximum values at the dam crest.

Key words: solid-fluid coupling; earth-rockfill dam; dynamic analysis; initial stress field; construction; impoundment

Vol. 37 No. 11
2015

0 35l B
AIEA A ST R 38 A
ZHET . BIEMS TR S i T AR MR AT
T AT T R P AR AR A, e s T
JI2 I SRR R R EURCA R A T G T A
Bl b P R R X K REVE IR T R, AE R TG sl A
BB DR O E L, AR O, EdE
b 200 m Z0EE S 300 m Zh i A
bR 2 o 3 AR R R 2 —,
IR RBCE A W Witk PrITs. BT
A, KA AR, A R, #%%U%zoom
S UL 1 ey A LR AR 7 U N DA A

D

4, DIRREAT A BRI v A WU RZ 50 00 Wi B 23 B BT
)
Hﬂ?LEiﬁl%ﬁﬁiﬁEﬂJéﬁﬁi’%%ﬁ%iﬁ*ﬁ@
P, BTG MR 2%, bl
AR A AN Ty 5 KR R A A5 25 P A2 2 T
BRI RAE LR 2 AR Ik, I T LA
U HS R 537 7 24 S VE 2 A R ™,
FESIY A D =25 )y 3 Hr e, Ua%‘jwiw

E®WE: HXHRFEEETH (51379103, 51179092);
SKIEINH (2013-KY-4)

ks HEA: 2014 -09 - 08

*HIEE



2008 a5 oE L OB ¥

2015 4F

W) TN o TR A ) N A T S R ) Ak
B, BARE. TSl HE, XA
FEAEWT S R R, R 7 R D T PS8 I 25 A R AN
Bok. BEERUE TSR KA S TR
N, At sl ) RN M IS THE
MREL, (HE BT TR MR R B

P AFARIBR, A3 ) RN 7
R BRI I PRE: —SRRE FAE N R A 1Y
SRR R T (B FREPERRY
(B2 N W R S SV RPN ey (T NP I e
SEOL, WML AT J 3 A 3 280 1) 2 N H
GITEWAFAENI R AN AL, RS R AR 1
Tk ARV EIR AR AT AN U A A o 55 2T
FI 03 O R B R AR Ze k) A i R g S AR
ARLANE ST 5L PR o BRI AR LA T TR
FI T IR A BT VIS TR0 R el AR A2 3 (11 T 28,
TG S AR L S A AR N s
AR AL AT T IR ) Jy R VAR, 45 5
FARZME M 5%, IR sl ) 45218, XN L -
SRR TEANE RS FUI BEATSEI 2387 o 3 ) o M fe e
AT GINR AN AR AL 2250 3 A
Hig BN G, Hi TN HAR D A IEA
Jl,  H N SR A WU R BEAT B0 5 43T ) SRR T
AR SRR A T

W F AT, RS AN L BRI 50 28
WR=Eh oM LA I PP O FBCA ) IZ N
1 H., B 73S (146 N 13 ATAE 2 3]t T
AR PEE K (RN o

% 18 3 I R A PR A SILFR e sl g i [ 7= £
WSS, SR T AR MRS AL & ik 4L
P OB HEAT DU B T3 N BEAT TS % TTEA
[ - FH 256 22 3CTE ROK AR MU ALK I a1 A%
G RN VAN, AT L B X S R, R
{50 5 BEVERA R A A I E R AR T R IR AR AT
(15 Fe K e P () SR BRI O R . A SO e v
TR BT s, AR X il T A
SRJE A2 T TR B AT 5 AN LA AR A R A 1
SR AR HTR O e R AN E K K5,
R TR it T 2 )5, BT
Bt SEA 2IR 4G 1Y J1375, R Bl Centro 375 (1 i
FERBHIMTRIZS, SE TG AR B )T 5
2y HHIF AT T RN SR R E LR A 0 i
Wi R AR S . WIS RATLLE . Ny, 22
T AU SE Y B AR I BRI 5 S S R W) & LA
TP ATEDUAT G RO, BT T AR I 234 U5
2T LU HER I 0 M7 A7 IR 50 ) Wi

1 MIRE=

1.1 IIENE

Fis FLIE K HLE A7 T 2 B 48 PIRTE VL R B
THLA R 5850 MW, 1% TFE EAREY/K 5444 261.5 m
R OREHEA L, WE 1 PR YU H AT E C
B I A B2 R T ORI KT iR
B X FSE BRI Tl e ORI 562.6 m, 1
T 824.1 m; MUK 630 m, % 18 m; _LyfFAn R
(I BG40 504 1.9 ¢ 1 F1 1.8 & 1. KM T 2008 4EFF T,
2012 SEARE . B 1 (o) BN T HI TH.

(a) KU E

1

() KT (d) Ithtiie

E 1 FFILIEARM
Fig. 1 Nuozhadu dam

RUI/RD1: B/ TR XI
2500 RU2RD2: L3t/ F iR XIT
RU3/RD3: _Li/ Fit A X

FI/F2: RIERIII
ED: #BFRK -k

(a) MR

8125 7 05

011.5.31~2012.5.3
2010.5.31~2011.5.31

2009.5.31~2010.5.31

2008.2.15~2008.5.31 2008.5.31~2009.5.31

(b) WIAH% WREM: o
& 2 ##14 X 14 Rt TR & K BTE

Fig. 2 Maximum cross section with material zoning and

construction stage
1.2 BESRTTE
SRR T 88 AR R 1 232 )37 R
AR EE SN, A SCRUR AR RS & 1R 7 VR T



11

FOKEE, A%

FE AR A A T 1K) A s D W 2009

FBN IS Ao SRR A PR AN 0 22 200
— 7, AR AT Iy SR B, FLRSK R T AR g
UERRE TR ke DA Ry TP w2 N 1 B G LR
M FLBRK IR TR

FHA A L ROREAN /K 2 TR) A AR 42 el o
FAFEAK AR P AR SRR,
IT

(1) AHE i 7

EZIPIWDER S AT INE W

v 0
oyta 8, =H(o,5K) (1)

Kot o, HIRHR %, p BILBUKIE S, H AR
RAMREOL, « WPILSHL 5, 7 N oL,
a HLEREL, & hNARE,

FLBRIR AR AR 56 R S ALK IE ) py WA s,
AR NAR & i ][] 172 A B A K

1o nos_10¢_ 0 @)
Mo sot s ot ot
L, MOSLCBREE, n AFLBRE, ¢ RFLBRIRART 74
AR L.

(2) WiEEH I

TR IS RS ISR U e . T BEIE AR RN
) o0 1) [ P [ A O, 2 A mT PSS e B B K

q;, = _kﬂ];(s)[p -px,g 1 (3)
X, g BARETT TR k V805 REOK R k(s)
NAHXNBIE R p W RE, g HE I REIRTE
J7 IR &

(3) Pl 5 %

SPHOT AR E PGy, RSP TR (RIS
) Mz 7R (RUIE3h 7R G o Al
AT LA IR N

—q:; 4, :% “4)
ot

A, gy TR LI AR R .
RSP RRITE
dv,
Oy FP&G=P " (&)

K, p=(-n)p, +nsp, WETTARIVEREE, p, M A
ST S
1.3 FEHARMEE

WSS ERT S #8153 W1 53 015347 (0 S 5T #R
Je KRB TR #R AT RT AR S) ) or H R,
T I SR FH R I REJE 38 BT D) oA H . ek
ATHR I AR 3 ATy, SR T S8 — AR Bk
IR FLITCII N T = ARG R o SR B A
— R T s L ARBY DI RIAR AL AR, A AR
TR0 LU Dy MRS SIAA b 55 I R AR PR 98 1 8 1) A

T LU SRR AT A S A4
(1) HvERIE TR
TR [R50 B RESR T v s R R R IA
W
Ao, =aAg +a,(Ae; +Ag])
Ao, = Ag; + o, (Al + Agy) (6)
Ao, =a,Ag; +a,(Ag] +Ag)
A, o, =K+4G/3, a,=K-2G/3, Jfisiyyk
AR E SR RS 5L
(2) BIRHEN
A PR AT DU 35 AT DU 90 P 1) 5 R =P
HEN, FTLAAE o, — o I L e ok, ke 3 o

03

P
e
e
P - ,—/
:_‘________:74____
§*=0 z f=0_~ B
C ot Ny |tang
A P
~ o
N e
O
2
_'/
A

3 B/R-ECHEIFAEN
Fig. 3 Mohr-Coulomb failure criterion
SR f(o,, 0,)=0 M4 HE B AR
IR—EC R HEN A SR 1 =0 tang +c HERF /=
0, M\ B 13 C s ZARIE BRI 1= 0 ok e ST
f5=01—03N¢+2c\/N—¢ ) (7)
fl=o,-0" (8)
H, o WNEEEESM, ¢ WEE T, o YRR,
HA N,= (1+sinp)/(1-sing) .
(3) Wahiz
AR B PA BRBORHE R : ¢ F gt o ix N B 1)
VLA AR R YRR S . BB g8 FF A A AR IE R IR
g, B
g =0,-0N, )
L,y 2Bk A, HA N,= (1+siny)/(1-siny).
PRAL g RO ARIE N R s, R
g =-0, - (10)
1.4 HEIRES55YH
AR SCAUNF FECTA 1T AR ) 7800 A AL B KL # 8)
TR A ) AT R AR . & 4 R T I S K W A
() eSS, AZ AR AR S LA R4 53 X R L
gk COLE 20 BEATRIr, A 648 NHIT (F YL
JEHITTM=fEHRIT) . 682 N1 .
A SR X 2 5 1 R,
Hy, THIE py« BIBERB k WS, WEEM
@~ TR c it RBE E @it = 4halseme,



2010 a5 oE L OB ¥

2015 4F

Lo v IERUEEAE 0.3, BIIKA w ISR AR y=0 -
25° HEHATANE.

4
: = =
n S=s sl
— J i JRELIIAEY
g N T
TTN] I~ i, 2\\\\\ T~
T < SN CANNN
/A R I Y A O 0/ 454 M R VN
| ~ =7 [ [ | J 3L
L 970 m ]

4 H{EMARFO I =
Fig. 4 Numerical mesh and monitoring points
F 1 KM HAYIEMIE N F R
Table 1 Material properties of earth dam soils
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