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4BSTRACT: Im this paper, based on the snalysis resulis of geoloical tectomics, historical
of 320 EIMS from the gite, and attenustion laws

cgribouske 2 sei:slicitj' within a radius

wsye been developec frfm ‘the data of moderate to strong ground motion and ﬁmr':;;fu

o mistorical earthguake intensiiies im ecastern Chins, The design ground mtia; P 'me*a
sor EIAO LASG DI dam in eastlern China are obtained by seismic hazard mijais *;zair:a Z "'a.:.:.a-
1t rupture sodel and artificial groumd motion are generated for the site using. 2 W;&-—
tiopery random process model in the gite. '

1 INTROCDUCTION eriterion for the safe earthguake of das,
Site spectra and aceeleration time Mistory
south benk and portih Dank of the site of envelopes wvere chosen besecd onm each of ihe

IIAC le D1 dam is gituated in L EusS fros ujgr WMtid seismic sources, takine in-
[BOTASG city, and JIYUAN counily, HENAN pro- tc consideration the character of the site,
visee respectiively. ?E resersoir bas a ca~  uhether the sources were mearvy or dlstamt
pacity of 126.5%10°%°, and it bas a das of and the maxisus segnitude znd distamee from
152 ¥ beight, reservoir of 140 M depth. It the gite. Pimally, a nonstationary ramdos
process model was used o gemerzile em ac-
| celerastion history curves for each set of
gbout 130 NS from SAN MEN gorge. seior scurce parameters o malca the tar—

The regiomal site is attached by eartbgu—  get spectra. These artificial growad sotion
ske located in the greater part of SHANII record were the design ground motiom for

seismic subsrez of north Chins seismsic arez, tibe cam.
i im part of wmidle— lower reaches of ibe

MﬁmdQIILIEDAHwi.’icmb- , _
ares of the south Chine seismic arez. Toe > IDENTIFICATION OF POTENTIAL SEISMIC

gite of dam iz situated zt the part of boun- SOUBCES

apuideﬂmnregi.mﬂtharﬂinsofm
| of the site, the active
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Figure 1: Seismological structure on regiomal site

China, 3 earthquakes of magnitude M=8 have
occurred in the zone. The major structures
with NE, NNE, NNW and EW direction rupture
play impotant roles as shown in Pig. 1.

tive fault, seismicity, and correlation be-
estructive earthqu-
akes, as well as the character of selismici-

ty at fault l_::asina, the potential seismic
Sources within the region can be simulated
by fifteen ldealized gei |

ang Xue-li
No.1 to mo.8 are ar

Within
Blom ye ge ntial sei smi e

80
e of the fqﬁ " lav of eqr

oceurring in any time, o, ﬁare regression

constants. comsidering the correclation k.

tween greater earthquakes in same seisnic
belt, the3 value within the same seismic

belt are with same value, and also consider
ing the unreliablity of the records of his
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| R mie sources in regional site
No Type  Upper e PRI s S S bt i,
T M i x | Node eoodinate
B 70 s o 211 (X2,¥2) (X3,¥3) (X4 74)
. ¢ '« 1263 .0673 T T : -
Bt 11 8.0 11263  0,0096 {=13,210) (80,340) (-6, 340) (-88,232)
3 II 7-0 1. 263 0.0’]92 ("ZLEIWOT) (._.‘13,2‘}{,) (__72 227) (_:15 f;fr:)
(—gé,m) (=42, 101) (=113, 95) chugcs:
o B0 . 1.2048  0.0871 (~355,~5) (=355, -18)
(=104, -30)(~54, 61) (=355, -18)
A 1T 7e7 14077 00,0356 (=5,15) (138, 15)(138, 50) (=5, 50)
e 11 745 14077  0.0356 (238,185) (284, 340) (192, 340) (158,222)
& 1y 6.5 1.4077  G.0@50 (272, —37) (336,176) (273,194) (209,~7)
g 1T 6.0 12048 Q.0102 (336,-69) (377,84) (315,103) (272, ~37)
0 III 8.0 1.4077  0.0178 Ta2720) (=33,21) (67,39) (=91,-7)
R 6.5 LGS - g poes (187,15) (238,185) (158,222) (107,67)
12 Tl 6_0 ‘]’2048 0 0291 (452?-14‘3} (24-7!"84-) (m5,-—21) (112,-—76)
: (10,=315) (40,-246) (=109, -185)
113 6.0 1.2048 0,0153 (=138, ~254)
- E-—;%’;.-—-Bm) (=207,~235) (=355,~159)
e 112 6.0 1.2048 0,0102 Bt oo - 150
y II1 6.0 T 2048 0.0765 - 1;6 f 320
W--"““n-—-h-“*m—_————————-...——__.........._..._...._...... e et e - e e

torial earthquake in the earlier days, the
time are selected from 1501 up to 1984 for
apalysis.The lower bound magnitude is usua-
11y adopted as 40, the maximum magnitude

of historical earthquakes in: a region of po-

tential seismic sources is inereased by 0.5
to give the upper bound magnitude ( Zhang

Jue-Liang chief editor, 1987}, except in re-

gion where a maximum magnitude of 8.0 or
above has alread been measured, since the
accumulation of strain emergy has already

been released imthese areas. The average va-—

lue of focal depth of earthquake is obtain—
ed as 17 KMS. The seismicity parameters of
these potemtial seismic sources are listed

in table 1.

4 ATTENUATION FORMULA

In order to imcrease reliability inm seismic
hazard analysis (Zhamg Xue— Liang, 1986),
both using the data of intensity distribu-—

The peak acceleration attenuation formula
is obtained from 32 horizontal acceleration
records with 54Mg47.9, 24<R€422.5 KMS,

10<H<35 KMS, as follows

LoA=4. 217541, 1713Mg~1.7037Ln(D+20) (3)

UT‘\—I = 0. 5015

where D is hypoeentral distance, R 18 epl—
central distamce, H is focal depth of ear—

thquake.

5 RESULTS OF SEISMIC HAZARD ANALYSIS

A probability of exceeding within T years
of a specified intensity or peak accelera—
tion level at the site can be expressed as

follows (Zhang Xue-Liang chief editor, 1987)

> i T (4)
P(Y ¥)7 =1'[‘*‘ZF1(Y>¥/E1 Rt

. denotes earthquakes with magndtude
glonal site om soil IT type to statistically Msz?ccurred im the ith ?.01;::;;; i
to obtain the attemuation formulas of minor Using the correlation 10

8Xis is obtained from 65 data of isoseismal

fggtours of historical earthquakes &8 fol=
8

tion of historical earthquakes and ground

eng,1984) betuween fault rupture length S(in

ude and formula (1), (2)» (3).

(2) _ :
Ks) and HagEL 0 eeding within T yeers

1=5.6664+1, 3771, -1,8598Ln(D+20)

0-';.450- 5362
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Xiao Lang Di Dam -

Probability of exceedance

follows- 2 2 4 :
%0, H&) (5)
" 34, 10~2 S
Hh;;- using formula (2) E
s :
e | -Z)y ¢ dz
i P( 4 y T (P ( Y}Yﬂ -m-'
£ J21%) 4 1a (3)
;f?n when using formiLa
n in FigeJs
The calculating regults &%C Ehzﬂs after I
the solid lime demotes the re: ancOrTec—
ersation , dotted JinG BeNSSUE Ll i sion
Egon result;, the results after co i,
is increased 29.6% more than e s -
te China, A sl probability of excect= )
i ing of 1(;“"'11&5 been adpoted as Gri Hprion
for safe earthquake of dam., Then, the de;t
T sign peak acceleration 0.2127g or .i;}tens J 2 *
| 7.7 can be obtained from Fige.3, it 18 quite s ' : g6
L closed by comparing peak acceleration Hif'h 4 © 8 )
conversion peak acceleration from intensity
uging the formula(Liu Hui-Xian ,1980) Figure 3(b): Annual Probability o
L exceedance ( Intensity)
i a(in g)=10110E2-0-01
6 SITE SPECTRA ARND SHAPE FUNTION
L e et Site spectra and acceleration tinme history
F' envelopes (shape funtion) are constructe
- Lo consider mear-source and far-source m-
: < tion at regional site, The calculation re-
gm_ é sults indicated that No.2, No.4 and No.)
: % were major potential seismic sources which
L obviously affected the site through compar-
- 5 ingl Uith.other sources at regional site.
. According to the major potential selsme
o8 gour Cés No.2 and No.4 with maximum magpli
w9 u"; =8, distance 100 KMS and 80 KMS fros
e 258 I espectively, No.5 with maxims
: in Fig.4. Comparing the far-source ”1t1,
L5 - ? ar=source spectra, the spectra valués ?re'
- :&I'-Bource decrease im region of lowe’ e
Clu:ncy and increase in region of highe’
g gatngy » The shape funtion is usually od
¥ °¢ 1n terms of the foumulas as foll°”
3 (e
Eig‘;:; 3(a) ., e OOA(%U ()O(t)"-‘ (t/tq )k’ 044t
.- (1)
&ccelerttio (F(t) o L1<4t€t2
5 A tt
P(t)=e sl =t2) t2<tste
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pigure 4(a): Response spectra (Near-

source)

where t1s 2 and teg denote rising time, st-

arting descendent time of amplitude and du-
ration of ground motion respectively,)\‘and
} ,denote attenuation coefficient,.

2

Near—source
A =2, ,L2=O.46, t1=2 sec. t2>=10 sec.
te= 15 sec,

Far- source

te= 38 sec.

7 ARTIFICIAL GROUND MOTION

A nonstationary random model were chosen
to generate acceleration history curves,
which can be expressed in the form as foll-

ows (Zhang Xue- Liang chief editor , 1987)

N
A(t)= P(1)X(t)= P(t) 2 Ay Cos(zgnt +6n)
(8)

where ﬁo(t) denotes shape function of ground
tion , 8, denotes starting phase angle, T
denotes computed time of ground motion pro-—
cess, A denotes the correlation coefficient
With X(t) Fourier tramnsformatiom. |
For the shape of an artificial accelera-

tion to act de with natural gro=
achieve gimilitu R

jes and du-
d as follows

spectra wi=

ted as goal
were adop Hly

Spectra for the artificial ground ™

; et L P

' 1 o i o iLs
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RS = . o ey
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ﬁ : n Lang Di Dam N 1
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7~
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/ — Targetl spectura
""" Calculation specturm
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Figure 4(b): Response spectra (Far-
source )

2. Rise time and starting decentent time

of amplitudes and duration of ground motion
are satisfied for the given shape function
of time history of ground motion.

3« The peak acceleration for the genera-
tion of the artifieial ground motion is
adopted as 1000 gal. for convenience. The
accelerogram is scaled to the required peak
acceleration during the structural dynamic
&IlﬂlySiS-

Ten artificial time histories of ground
motion for each set with near-source and
far-source were generated using formula (8)
to match target spectra (Zhang Xue-Liang
chief editor, 1978, Zhang Xue-Liang, Yan
Xin~Yu, 1986). The part of calculation re-
sults were shown in Fig. D.

& CONCLUSIONS

The calculation analysis indicated tha'f. the
main earthquake hazard %o affect tbe;s:Lte

of dam is from major potential selsmic SO-
urce No. 4y secondary No.2 and No.5> . Two
sets of artificial ground‘m’t-.ion ean be ;pp—
lied as design ground motion parameters ior
aseismic design of dam, and according the
criteion with an annual probability of ex—

f dam,,
ine 10-% of the safe ear'_ﬁhqum -
ceed;engk1acceleration value is suggested to

difference attenuation formu-

bta—
. hazard analysis to be o
S 1ts were quite closed by com—

ined these resu
. 4,it can be also
parison in Fig'zicgcﬁgtigx’m spectra of ea—

ration history curves

ectra ex—
very closed to the target spectra ¢
;22:; feuypoint. It could be explained that

| | ters were
' yided ground motiom parameue 1
jt:rrgﬁanm in aseismic design of XIAO LANG

Di dame

ch artificial accele
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Figure 5: Artificial ground motlon (a) Near-Source (b) Far-Source
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