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Dynamic response and seismic fragility assessment of high

earth-rockfill dams under long-period ground motions
WANG Kaifei, WU Zhibin, FU Zhiyong, DU Wenqi
(State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, China)
Abstract: To investigate the impact of long-period ground motions on the dynamic response and seismic
performance of high earth-rockfill dams, a high clay-core earth-rockfill dam on a deep overburden layer is taken
as a case study. Thirty typical pulse-like long-period ground motions and thirty far-field harmonic-like long-
period ground motions are selected from the NGA-West2 database. Using finite-element dynamic response
analysis, the dynamic response characteristics of the dam-overburden system under long-period ground motions
are investigated. Subsequently, the incremental dynamic analysis method is employed to evaluate the seismic
fragility of the dam under long-period ground motions, with results compared to those under ordinary ground
motions. The findings indicate that: 1) the dynamic response of the dam under pulse-like long-period ground
motions is stronger than that under ordinary ground motions but weaker than that under far-field harmonic-like

long-period ground motions; 2) the average maximum vertical permanent deformation at the dam crest induced
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by far-field harmonic-like long-period ground motions is 1.80 m, which is 1.29 times that caused by pulse-like

long-period ground motions and 1.80 times that caused by ordinary ground motions; 3) under horizontal ground

motions with the same peak ground acceleration (PGA) level, the probability of the dam experiencing various

damage levels P; is highest under far-field harmonic-like long-period ground motions, followed by pulse-like

long-period ground motions, and lowest under ordinary ground motions. The results provide a reference for the

seismic design and safety assessment of high earth-rockfill dams on deep overburden layers.
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Fig.1 Time-history curves of typical long-period ground motions
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Fig.2 Response spectra and comparison of long-period and ordinary ground motions
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Fig.3 Cumulative distribution functions of PGV, I, and D, for pulse-like, far-field harmonic-like,

and ordinary ground motions
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Fig.4 Zoning of the clay-core earth-rock dam on a deep overburden layer
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Fig.5 Contour maps of maximum and minimum principal stresses during the completion and impoundment periods
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Fig.7 Comparison of peak horizontal acceleration along the dam height for ordinary, pulse-like, and far-field harmonic-

like ground motions

BRI K, 22 UAE PR N 48 %) B R AL A B ) e i
A 3053 B[R] & J 55 R, R G 5 | A 1) 200 T 06 i
S0 935 QUIBIVE: L NZEE) i iy NS
242 B@AKXEH

T 2 % Ao WUAE 3 R0 R S VR R ik A AR TE
PEAT B T A SCIREUT 90 4148 I 545, IF M v
PEIT U il £ 9 300 43 A I R 1) K A AR B
Bl T )5 820 B o

&1 8 g 3 B ML 7& B A FH T A A 300 ] Kk A A8 B
s TR 30 KR Bhid RS E
U meg )7 ~F- 347 6 22 i 17 8, FH LA Sz Bl AN [i] 24 714 3 7%
gl kB AR S o L. I 8 TR,
iEiﬂTE@%jﬁ'}ﬁmﬁkWﬁ/ﬁifiﬂTﬁ, 3L H
?ﬁﬁil_{iﬁi‘jt i 3t = B A A e] g g 2k

T L RE Bl 5 R 0 K K AR TR e R, ik i 28 b 7R Bl ik

Z,EIJ_ﬂﬁ}EZj]F/J

9 T LA il 26 1 88 qa) gk A AR TR 1 0L

Gy A, v LAE ko R MR S R 9OF 1 i

K] gk A AR TEAE R 1.4 m, i K T %l R sh AR
JHTF Y 1.0 my, 33X J& 1 T bk o 280 7% 2 J i) [a] PN R
iR R Al R T A2 BT N 7 IBE [E) A A O 4 BT g
JE IR T M R . b 2508 R M R Bl T 8
e KB K AL A 1.8 m, Bk T LR 20 5 5

AT /m (a) Wil EZ)
-0.134 9
REoy
14388
C1380 8
-1.674 0

(b) Rk E Bl
-

(o) EIHKUERILTES)
B8 HMEEEAkALEREE
Fig.8 Contour maps of vertical permanent deformation of

the dam body

Bl 7 W SO B R B B Ak K s 22 40 B 8T U0 4 A
AT ROV T A LR R R A O, TR I R ) kA
ARG B R

3 K ] b R
o3 Hr
3.1 EEWNAHHEERFIE
72 T Bt M o Xk 45 A 4 o Hb iR Bl
5 B R O — R RE K RO R B Rk —tjﬂ
F(im)=P(LS|IM=im) (3)
7 A IM (intensity measure ) 4 Hi 5= 8 58 B S 450, &
72 Ty 51 43 BT B R O B A S im o TM Y B R

AR T L A1 305



1416 BB 2 (T2 /) %59 &
200 200
150 150}
E 100 E 100}
= ®
g >0 i SO0
0 of
-50 ) =50} ”
; i — M —FHE
0 05 10 15 20 25 0 05 10 15 20 25
B i) K A AT /m B ) K A AE T /m
(a) i E ) (b) Mkt B4 Hh 7E 3
200 200 e
150 150
E 100} E 100
= I #»
w0 w50
of of W) X B
= - - LI A T
-s0} : -so} Ik RS T
— —— e R AE D S
0 05 10 15 20 25 0 05 10 15 20 25
I 114 7k A 22 T /m I 1] 7K A A8 Ho/m
(c) @IHFE R RE Bl (d) " [ K AR TERT L

9 EE. Bk EMIEFEEMMEN EEAKATHGMSH T

Fig.9 Comparison of vertical permanent deformation along the dam height for ordinary, pulse-like, and far-field harmonic-

like ground motions
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Fig.10 IDA curves of the dam under three types of ground motions
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Table 3 Seismic fragility parameters under three types

of ground motions
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