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Abstract: The randomness of seismic motion significantly affects the dynamic response of dams. The ultimate capacity is a
critical factor for the seismic safety of dams, thus during the assessment process the influences of load randomness should be
thoroughly considered. Based on a large number of random dynamic finite element calculations for high earth-rock dams, the
relationship between the settlement rate of dam crest and the cumulative sliding displacement of slope, two important
deformation indices of dams is studied. Additionally, the safety control standards for earth-rock dams are proposed. The
probabilistic density evolution method is used to analyze the ultimate a seismic capacity of dams. The results indicate that the
settlement rate increases with the cumulative sliding displacement and follows a logistic growth model. Taking the exceedance
probability of 10% as an example, the ultimate a seismic capacities for a 250 m-high faced rockfill dam and a high-core rockfill
dam are approximately 0.7g~0.75g and 0.8g~0.85g, respectively. A new probabilistic approach is proposed for evaluating the

ultimate a seismic capacities of dams.
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dam and core wall rockfill dam
2.2 REHIERE

e LA RR AR T T, SILTHUAG B AR 7 ™
S BN RS T LK AL, I “I8T007
KRR E o RIS IR Rt e U L AR 4% 1Y) T 25
B, 2L IEEEEBIA . WRIEAEm EHE &2
fIgeit, Sebr TR b AR R 2 1 R Sl AR
JE (PGA) ZIAA W IEA G . MU R R ELBR
W T ORI 52 B RR AR Y AR AR TERERE PRI
TH 8 i) A T T DA D9 DA LA AR BR 072 0 R FR AR 2
—o LREF — A RPN RS S 2 b TR
R 0) RFTRIUALEHZ BI1E R T ARG L -

FEA KA e bR AE BT Fe b, AT SIT 7T
WARE TR, R HEE UL A BRI BE T €
ZAEH, T RIRPURNR . R 2 ol £
IR BR TR REJIHRARIT TOER o ZR 575 P8 E WA
JE A ISP b A R, T AR HEA IR 2 AR
TR KT 0.8%I0, HHEL LA™ BEINARTERIA . O
SRR R R — B T T AR, SR ) AMBUKLAO
OESHINE 120 m, {E 0.49¢ MESER T HBU™E
T, HIE M E] 0.88%H . J) AMEHE X A [F] 401
e RO B IUREAT BBV SR 45 R AR, s i n 2
FEURRER AR, PR PAHERT, X T IUEE R 200
m [0 REEITERERAZRIN R 0.9% 04 40 T 7™ E AR
Ao ik, B A 0.8%, 0.9%1E A T b HEA 1
A LSRN 22 G A2l B o



2240 "+ T OB % M

2024 4

G35 5 T Al A HE A 0L = T A I R Al
I AR TN, e BLIIB I 2 — s WL
REIEA . EFRA R ITah ) AR a7 U PR
PURRE I TEAE SIS AT 2] 7T 2 IR o 0 AE R0 T
ARTTsh IR E R 7%, SIANRIHER RS
AT HUR LT . FL2E SRR I8 T HEA R
b, FET RN E R 24 RECEIR R UL
FAtEREMAT T AT SE VRO . AR A
VI TS ) 72 35 200 e 145 SRR L LTI 72 o 2 A3l
WR BB ALt R R, (HA R RS
BRI T PSR AR TR AH SRR AT 7T . BRI, AR SCHE T
KERIBEHLEN A RTBAEE R, #A7T —F A
itk R, DMER R R 2 e bR e € R
B 2 PR

R 2 WO AIMMRRITERESIEIRI AR
Table 2 Research results of ultimate a seismic capacity index of

some earth-rock dams

W IUTHUR ¢

PO E

— TR 1.1%
e OB
By BRI 1.3%

F AR 1.2 m
EOEEI 1.4 m

i T AR :
oy B
0.6%~0.8%

EIINTEE, RAEFRE1.0
ENIERUEYE, HERE
1.1

AR 0.6%

At5[6]
WA 7K &5 OREIT 1%

Sk, &R/ 1.0
BIRCH ik, %4
RBUNT 1.2 1 B itmtE

<2s

EROREHT 1%

WSk, &R H 1.0
BIRCH ik, %4
RBUNT 1.2 1 B itHmtE

<2s

BL 100, 200,
250, 300 m 1
BN T 2%,
1.5% , 1% ,
0.85%, 0.75%

P/

Wi ik, ZeRH>1.0
AR AR M, %4
FHUNT 1 BRI A

<ls

/NT0.6g L

PUPEE TR 1 E N —
it 1%
e Lo 5 7% B
T 7 el26) i <1.2%, Hix WHBAL > #EKER
THIOURR <1 2%
m
Swaisgood!?*! (;25%?&2 ir;){ £ —

2.3 REBERS5RITEBENXR

DI ) e K RS BONMAAAR, BRI R
NYPADR, BT DR TG . X RN oA
WG RN LS IZ R (e UL A (RO 2R
R B AR E R AR (5 RO e
G L RE T SER R MER O Ml S e

yzm&géj : (15)

A 5 B ER (FRIAR Logistic HUR) [1943 1 2 BT
MR R, W y=a+tbD (D AU RIHEHE) .
x5 2iHE R Z AR A ML mE 4, 5 For, i
LBk AT

ea+bD
S (16)

THIARCHE AT SIURT oS 3T R B AR s L A s R =t (17
(18) , ¥WITRZES RN 0.0046, 0.0128, AJLLIAA
AR R AT

QDO43408827D;
= _______ 17)
f 0.0343+0.8827 D)
| R et
0.7045+0.7268 D,
R 18
c 070451072630, (18)
I+e

K. D ONIYER R o NIMTIERE; Thr fF ¢
53 RN TR AR R A OO IR b o o335 100 11 7 A8
TEFEFRAR IS LT AR IS T Fa An AH PR 55, HOSUAET
P ik, (R e fikE, PIFINAE GRS Rty
BREWAN B Z BN IEM DG, RIERME R HER
EIHRMIE R, HIGHZRH RS, BiHEEEMRE
MR ta b 2 B AR A & 0 R .

W 2.2 1B E ) R T AR ORI 5y O BRI E 22 4%
HlbRHE: 6=0.8%F1 6=0.9%73 HARAK (17), (18),
THEAF BT I B E B R e e hlba e 20 N
153, 205 cm.

y=0.88D+0.03

0
-1y «  LogicHl&
D) — WAL
2 1 : i .
FHWBERD/m
(a) In(3/(1-5))-DELBIA
121
1.07
< 0.8
¥ 06
ﬁ 0.4 5=e0-88D+0.03(] 1 0.88D+0.03)
. 1440
— WAL
0 1 2 3 4
B WBRD/m

(b) 5-DHIZBA
B 4 miEAINRARSZTBEBENS
Fig. 4 Fitting of settlement rate and cumulative sliding displacement

of concrete face rockfill dam



510 3 Pe B, S BETRENLEN 0 Hr e e U R GUR RE 10T 2241
* 3 BHUEAINRREE-PCA- BB RN XRE
Table 3 Relationship of settlement rate-PGA-exceedance probability of high concrete face rockfill dam
e
o e DUTGAR RS 72 B /%
ik /g 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
B /%
0.1 92.44 19.81 0 0 0 0 0 0 0 0 0 0
0.2 100 87.67 23.63 0.61 0 0 0 0 0 0 0 0
0.3 100 99.07 73.18 18.86 1.14 0 0 0 0 0 0 0
0.4 100 100 94.06 56.49 13.63 1.51 0 0 0 0 0 0
0.5 100 100 98.87 83.18 41.74 10.60 1.46 0 0 0 0 0
0.6 100 100 100 9492 68.65 31.91 7.04 1.56 0 0 0 0
0.7 100 100 100 98.54 86.27 55.34 21.98 5.07 1.38 0 0 0
0.8 100 100 100 100 94.60 74.78 41.11 15.66 3.30 1.08 0 0
0.9 100 100 100 100 97.93 87.49 59.65 31.08 9.89 2.39 0.96 0
1.0 100 100 100 100 99.16 93.95 74.86 46.19 20.84 5.23 1.73 0.87
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Table 4 Relationship of settlement rate-PGA-exceedance probability of high core wall rockfill dam
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0.1 97.93 3237 0 0 0 0 0 0 0 0 0 0
0.2 100 9831 4547 1.71 0 0 0 0 0 0 0 0
0.3 100 100 94.10 3563 290 0 0 0 0 0 0 0
0.4 100 100 100 80.46 25.70 2.08 0 0 0 0 0 0
0.5 100 100 100 9691 63.31 17.25 1.68 0 0 0 0 0
0.6 100 100 100 100 88.17  45.18 10.37 1.19 0 0 0 0
0.7 100 100 100 100 97.19  72.17 30.91 7.17 1.00 0 0 0
0.8 100 100 100 100 99.37  89.83 55.79 22.68 6.12 0.91 0 0
0.9 100 100 100 100 100 96.99 77.21 43.14 18.38 5.81 0.68 0
1.0 100 100 100 100 100 98.73 90.54 64.95 35.23 15.03 4.54 0.18
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Table 5 Relationship of cumulative sliding displacement-PGA-exceedance probability of high concrete face rockfill dam
; R H /em
%3 j‘%*/\ HAY B
ﬂg?uﬁ 0 1 5 10 20 50 80 100 120 153 200 250
el R
0.4 863 399 139 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.5 33.00 29.04 14.84 10.11 5.83 1.24 0.76 0.00 0.00 0.00 0.00 0.00
0.6 68.48 57.13 31.02 2055 12.07 6.64 5.83 1.06 0.00 0.00 0.00 0.00
0.7 90.44 81.82 58.80 4444 19.39 13.36 8.66 6.67 1.98 1.16 0.00 0.00
0.8 9232 90.87 80.95 6420 41.20 18.75 14.43 12.21 8.64 6.08 2.43 1.07
0.9 94.07 91.96 88.76 85.77 59.95 37.24 21.80 16.26 13.36 11.36 8.51 7.22
1.0 95.59 93.23 90.24 85.51 76.69  55.34 39.04 26.49 17.07 14.96 11.97 10.35
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Table 6 Relationship cumulative sliding displacement-PGA-exceedance probability of high core wall rockfill dam
1y 2
g 0 1 5 10 20 50 80 100 120 200 205 250
R /%
0.4 125 694 142 0 0 0 0 0 0 0 0 0
0.5 2986 18.75 13.19 7.64 2.8 0.69 0 0 0 0 0 0
0.6 57.64 375 2501 20.83 125 2.08 1.39 0.65 0 0 0 0
0.7 75.69 60.42 4722 3333 23.61 7.64 4.17 2.78 1.37 0.43 0.387 0
0.8 86.11 7292 61.81 54.17 39.58 17.36 9.03 6.25 2.1 1.44 1.373 0.77
0.9 95.14 8542 73.61 6597 52.08 34.47 20.49 15.32 8.89 5.79 5.453 2.42
1.0 98.61 90.28 81.94 72.55 63.89 39.58 29.64 20.04 16.36 12.69 12.186 7.65
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