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Vulnerability analysis of asphalt concrete core dam under near-fault ground motion
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Abstract: At present, the research of asphalt concrete core dam under near-fault ground motion is mostly carried out under the condition of
single SV and P wave oblique incidence. In fact, the assumption of single wave oblique incidence is not comprehensive, and the near-fault
ground motion should be considered as the case of combined P wave and SV wave oblique incidence. In this paper, the oblique incidence time
history of SV wave and P wave in the site was determined based on ground motion inversion, and the deformation and damage of the core wall
dam were obtained under the oblique incidence of SV and P wave combination near the fault, and the change law of the damage of the dam
body with the horizontal and vertical ground motion intensity index was analyzed. The results show that the ultimate failure probability caused
by the vertical near-fault ground motion index is obviously different from that caused by the horizontal direction. When the horizontal ground
motion intensity indicators near the fault are selected as S,(77),, S«(7}),, VSI, and Sy(7}),, and the vertical ground motion intensity indicators
are selected as PGA,, S,(T)),, VSL and Sy(T}),, the predicted failure probability of the dam body is moderate. The combined damage analysis
method of horizontal and vertical ground motion should be considered when analyzing the vulnerability of core wall dam under near-fault

ground motion.
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Tab.1 Summary of ground motion records

9T HERATR [EULEZ 41 Wi JZ P /km
1 Chi-Chi_ Taiwan TCU101 7.62 2.11
2 Imperial Valley-06 El-Centro Array 10 6.53 8.60
3 Imperial Valley-06 EC County Center FF 6.53 7.31
4 Kocaeli_ Turkey Arcelik 7.51 13.49
5 Irpinia_ Italy-01 Sturno (STN) 6.90 10.84
6 Northridge-01 Jensen Filter Plant Administrative Building 6.69 5.43
7 Imperial Valley-06 Holtville Post Office 6.53 7.50
8 Northridge-01 LA Dam 6.69 5.92
9 Northridge-01 Jensen Filter Plant Generator Building 6.69 5.43
10 Imperial Valley-06 Agrarias 6.53 0.65
11 Loma Prieta Gilroy Array 3* 6.93 12.82
12 Northridge-01 Sylmar-Olive View Med FF 6.69 5.30
13 San Salvador Geotech Investig Center 5.80 6.30
14 San Fernando Pacoima Dam (upper left abut) 6.61 1.81
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(a) Comparison of the averages of the acceleration spectra
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(b) Comparison of the averages of the velocity spectra
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Fig.1 Information map of ground motion
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(a) Schematic diagram of incidence of P wave
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(b) Schematic diagram of the incidence of SV wave

i

(OF St vx: Zv=1|

(c) Schematic diagram of bedrock generation displacement
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Fig.2 Ground motion composition of bedrock surface

SV Uk K Ho R BF ) SV U AN P DN B 220 3 T #)%
SO E IR s " w” w ™Y w S O RO A B B AL
A o

2R A T R Ry b s 1 I b R S Y A )
UM A S N T3 A s BAE T B 0z 3l 1y 1)
A, MR AR 1 s S RO A AR B T
T AR O a1, PR TE SR A PO SV A
SRR L ER 3 050 B I S0 2 AR B 1] 1 AL AR R AT K
- BB, W 2 BT, P UKL SV RS it i 4F
BT S TRV RTER P L SV Uk R A S i B b R —
A7 Y S5 RCT U B AR B, T R

u () =aig®)+bif)
{uy(t)zclg(t)+d1f(t)

K, w () 1wy (e) 53 30 A ST PRI SV R B &N
Jii 8 7K ST i) 8% e 457 % bR B o

e B Al b AT 3 8T 23 i RR B 0 RS
AR AR 2 5P N T 30 S AL T B b B R S BELJE 00
V5 b 7R Bl 100y AT A A S i b A ST R Ak
B R 37 b 0 5T b RR B A AR A A U Ak ik
FTH ) S R W 2 A R TR v R AT
TR B E N T BRI SR A

Fy = (Kyufl + Coitl +oim)A, (5)

Ko, K, WIS R 5G G, WJE R uf L i R oT 4
Sk A AR R R T 5 4, S5 R TE AR n
5 ) )

(4)

U Bl 2% AR A7 AR B SR I, AN RE L
T B 7 12545 310 37 B9 A S5 AR S0 SOk [21]
18 7 125 Ak Bl R A A B 5 TR A O, fBOE L T A
S5 A 2 — a5 CIT A5 M B AN 52 W) 3001 3t 752 S o 7 ) Ay 42
A, BT 3 R Bl O 4 ) RS B Y T A AT AR
e A S, T AR A b 30T AR AR A B R
f SR O B R L SOk [22] AR B, A 55 )2 AR
F 5 BHL e 28 ROBCE AR B IR YE, 07 SCHR (23] 23 87 F
FHEW: BRI H)ZH LR RELKRT 70,
T R 300 52 A ) A A 45 K B 45 L A
SO o 25 L B T ] R 1, AN SCTE FE RIS AR
(BE 25 i A ) £ FH 6 0k N T30 5, SR b 3 3 /K O
T7 1 (4 BE D 8 A 300 1) T 25 B W )2 st 72 3l Y
iy A\ IR S5 BLLJE S800

2 HERELOEINTEER R R
IKER 5

21 ARTEEMESH

Wi IR BE O B 30— i v T )2 b R A
T, A SOR 0 3 b S5 Ry A 55 2 i . oA
EZ RE @ TR AT, A a6 2 R
60 m, 43l R F R AORLED )2 | R R A )2 MR A
2o Wi IR EE 0 Bk U b BT I 04 25 8 43 i)
oy R RPRRRL . oL PR O RS SR R R
HeK B Ak, il 3 B

AR SR A BR T H A ABAQUS #EA7 £k {1 17 LA
0L, B S AR B8 0 3 B A T o AR, kI 1 A 3
LTTES 5 [ A 11 O € SO T W) i 2 0 N 7 B
J& VR T B AR R 43 o RS Rl G s B0 % R SR HH OG
SHES AN A L Al O A0 ML A S0 AT, P T 2R
SR TR AR LT

ARSCE JEHE AT BRI R & AKAE T R
FEA5 2 7 AR T R0 R AR 25 SR, AR i T LR A
AT W7 2 b 7R S AT B 0 AR B L AR A
By 5 7 742 W A 55 o 07, HE e Bl 5 N AR I R R 0 5 30
KA B W6 55 Ao

Wi IR BE 0 3 I EE A 0 T L 30 1 a3 AT R
ARG 5 SR FH AR 5 -5k E-B JE 28 1 A b A5 A 4
S5 B0 2 1 9L A A RS R R Y AR A AR T AR
AIRO Bl 7SR RO S 5N 3 2 3 i,
Ferp g5 AR 1 SCTE UL SCHR [24-26], #0781 FUK A
A TG AT B A R UL SR (18] FE A B E K 2.7 glem?’,
PR A 2.97 GPa, THFA L M 0.3,

22 TEIR

WFIE N A — i 2 PGA AF 2 M 7% 3l 5 B2 45

2



1110 & oz T B % ERRE
B TR Lol
W FIH R
[l
y
. SUETE WG B R SR
K3 ZBRREHrEAR
Fig.3 Schematic diagram of the overlay sites
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Tab. 2 Static calculation parameters of the sites
451 pl(g-em™) 0!(°) c/kPa R; k n k, m kylk
Rk 2.17 513 0 0.97 900 0.63 780 0.42 2
FUR/Y 5 2.14 46 0 0.90 700 0.60 640 0.4 2
=gl 242 22.6 460 0.78 608 0.22 2949 0.5 1.97
FI AL 225 48 0 0.70 1150 0.35 550 0.175 1.69
HEAk b4 2.30 53 0 0.72 1050 0.35 535 0.18 1.88
[EIHE R} 225 48 0 0.68 1150 0.35 550 0.175 1.7
TR 2.28 35 47 0.79 863 0.35 1004 0.11 2
Wik 2 2.30 475 0 0.68 950 0.36 475 0.17 2
Her )2 2.40 54 35 0.68 1300 0.45 960 0.13
£3 G EARABBHESH
Tab.3 Dynamic and permanent deformation calculation parameters of the sites
] K, K, n v Amax ¢ c, c Cy s
iRt 25.9 1694 0.38 0.33 0.245 0.69 0.53 0 9.12 0.35
EuRL 28.3 1832 0.375 0.35 0.22 0.56 0.42 0 8.25 0.40
RN 20.0 1979.4 0.4 0.345 0.2 0 0 0 0 0
FI L 23.5 1430 0.396 0.34 0.252 0.69 0.53 0 9.12 0.35
Hik ek 327 1987 0.36 0.34 0.21 0.69 0.53 0 9.12 0.35
[EIHE R} 23.5 1430 0.396 0.34 0.25 0.70 0.52 0 9.10 0.33
TR 16.2 2000 0.384 0.3 0.11 0.72 0.43 0 9.55 0.38
A )2 16.0 2100 0.46 0.35 0.2 0.70 0.44 0 9.50 0.35
Yt )2 16.5 2200 0.38 0.33 0.15 0.69 0.40 0 9.47 0.36
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Tab.4 Intensity indexes of ground motions

%o S N HRAR
1 PGA Jin R U PGA = max|a (?)|
0.6
2 S(Tv) TN R ST, 5%)=2a Z(%)
3 PGV TR PGV = max |v(?)|
4 vSI T SR VSI= [, (€=005T)dT
5 HI Housner3 & HI = 21—4 228, (€ =0.05,T)dT
6 SAT) T\ 5 B ST, 5%)= %sa(r, 5%)
2 N 5 N " (max |v(t)|)2
7 PGV*IPGA VR H) 7 S B (=t PGV?|PGA = ———"__

8 ST

T\ R (E

max |a ()|

T 2
Su(T, 5%):(§) SA(T, 5%)
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PGA Fl Sy(T) {EAE A IM, T30 Hb i 048 {5 o 328 8 4 5]
S 0.2g. 0.4g Fl 0.6g B 5 7 1 58 £ .00 355 300 11 B0 4%
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BOE g 5 i, Kb PGV Y B0 BUE N T U7 2
Mo 72 Bl 0 R ] SR 43 R 0.2g. 0.4g FiT 0.6g I X
NI, X R PGVAE S PGA (1815 3] PGV
PGA.,

£S5 HRHTEEETHEE

Tab.5 The values of intensity indexes of ground motions

. HiRE B B AR bR
PGAlg S(T)/(m-s™) PGV/(m-s™) S(T)/(ms™) vsI HI PGV*IPGA S(T)/m
% 0.2 1.49 0.35 0.24 0.57 0.24 0.0623 0.038
K 0.4 2.98 0.70 0.48 1.14 0.48 0.1246 0.076
=k 0.6 448 1.05 0.71 1.71 0.71 0.1869 0.114
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Tab. 6 Classifications of seismic damage levels of asphalt

concrete core dam

B PEREKT IR OKF A E/m I X ARG /%

1 AR 0~0.1 0~0.2
2 RMmER 0.1~0.2 0.2~0.4
3 AR 0.2~0.5 0.4~0.75
4 BCEBIR 0.5~1.0 0.75~1.1
5 JUHEBIR >1.0 >1.1
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