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Abstract: Located in the east of China, Tancheng-Lujiang fault zone is a region with frequent seismic events.
Earthquakes above 4.0 occur multiple times there, most of which concentrate in its middle and northern segments.
Yi-Shu fault zone is located in the middle of Tancheng-Lujiang fault zone, where earthquakes above 6. 0 have
occurred. To study the influence of sites on the ground motion of the Yi-Shu fault zone and explore groud motion
estimating method for regions lack of seismic data, the ground motion wave form of Yi-Shu fault zone is analyzed by
Fourier spectrum, and the high frequency reduction effect of sites in Shandong on Yi-Shu fault zone ground motion
is studied. The high frequency reduction parameter Kappa is obtained, whose relationship with the site average
shear wave velocity V, is subsequently discussed. Kappa’s influence on seismic parameters such as PGA and
response spectrum S, is also investigated. Results show that as a parameter characterizing site conditions, Kappa
exhibits regional differences, which decrease with the increase of corresponding V, . Under the same earthquake
magnitude, Kappa only affects the numerical value of PGA and response spectrum, while their respective decay
trends remained unaffected. The high frequency reduction parameter Kappa attains in this study can provide
reference for research on the site effect in Shandong for earthquakes of Yi-Shu fault zone, as well as the simulation
of the Yi-Shu fault zone ground motion and the analysis of its characteristics.
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Tab.1 Seismic information of the Tancheng-Lujiang fault zone

H 31 GfE/(0)  HE/(0) RH O RIREE/ km

2011/05/20 118.9E 36.2N 3.7 6
2013/01/31 117.8E 36.6N 3.1 8
2015/03/15 118.9E 35.7N 3.0 10
2016/01/08 118.5E 34.9N 3.6 9
2018/04/11 117.7E 35.6N 3.1 10
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Tab.2 Stations and fault distances in Shandong
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m km km

- 119.2E 36.4N 5.5 23.3 28.1
JEPES 120.9E 38.4N 113.2 264.6 255.1
T 118.0E 37.4N 74.1 52.7 18.2
K& 120.7E 37.9N 68.1 219.3 210.3
It A 118.7E 35.0N 11.0 6.8 122.8
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Fig. 1 Fourier spectrum of the ground motion acceleration
&3 #Bsr &3k Kappa (&

Tab.3 Kappa value of the stations
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Tab.5 Relations between Kappa and Vj, in Shandong

ESEIE a b c o

LRSS -0.000 050 0 0.072 20 0.252 6

SPEA -0.022 0000 0.180 50 0.2333
LW A -0.0000001 0.00008  0.0419  0.2660

25 AL XEALA A bR o 25 A LT At G A
UG T BB /. it — 2 A 3 A LA 7 =N
RO, 43 SRS J7 AT T 8% 25 08T , AT o2 42
BHRNIS 52 0Py
e =1In(k,) - In(k,), (8)
e FoR AN THE S SOMME R E 5% 25, k,
Kappa BfliiH{H , k, %7~ Kappa Y52PR{E , 5% 2= Al 1T
iU 4.

0.6 04¢ 0.4
0.4 . 0.3 0.2
. 0.2
02 . 0.1 0
w0 - — a1 ~0.2 !
¢ % 0 s 0
02 . AN & -0.1 H 04 ’
~02 +
-04 -
ol - mE ) -03 g.g
OF —FEma -0.4 -0.

-0.8 . )
200 300 400 500 600 700 800
Vs, /(m*s™)

(a)Kappa 5 Vg, KRG

-0.5
200 300 400 500 600 700 800
Vs, /(m*s™)
(b)Kappa 5 Vs, TG

-1.0
200 300 400 500 600 700 800
Vs, /(m*s™)
(c)Kappa 5 Vs, ZWAME

B4 Kappa 5V, #EKREXTLE

Fig.4  Comparison of regress residual between Kappa and Vi,



512 3

KA BT AR 7 0T VR W 2 M R sl s A A +59 -

Kl 4 5k 20 45 R B, X F Kappa 57
Vi, Z IR ARG OG 2, R IR BEU & O A G i, 5%
EEERLMTE[0,0.05] By 1F 4010, [ 7F
[ —0.4,0.4]Z (0], MiZe Ml & M5k 25 mARTE T4
BRI o0 A, (H 3 A Y S0 R 25 T O X, HAER 5
o] DA B, Mk 3 A1 04 s o 25 KT XA T
3, U B LM LA R 2% T B0 P A AL
F MR HZ A 1, k2 R fER L
IR 3UA S A 22, Nk, e 4R 15 T I AR X 93
M- X BT, AT LA e X O ROk A )
T I S 55 ) HF- 2 5 DD i R 2 R G &R T
T 3120 FR 0] TG B AR U 1l = A D S ) X
BTG

5  Kappa 3 & 3 By % "0 AT

ARSCAETT S L AR 48 0 Ml s T 08 B, R
T ER(1) o A T J52 ok L o 33 Bt 0 5 7 e 1 i
B A, FAE R S AT 0 S R G AR
AR JEE S B35 45 D4zl T i Kappa Xof M52
FRISEME , S 54T LAY VR W SR 3t 30 by il , i ik
Xt ML 7= Bl W R o RE K B N B e A, BRI T
Kappa X Wit 52 2 BRI | 52 #4545 5 THT Y 32
M. A5 A AE SR U PR W7 247 1) i R B dl it
AT 8 R L33 23 M ek, 32 BR i e A 7R 1 7R
PN VHBA PRGN ERN R, R R YRR
HFEAE 3.0 Ay, FRR T 4. 0 B BIE Bds B
R JCIEARAS. SR, FR R T 4. 0 Zery R il TR IR
MRS, SRR B2, R T O SRTE Y, P, AR ST
0B UT IR 1 5= sl B A 7E AR BUL AR
Gt U WS B2 S5, R A Atkinson % 3
Boore " Y i {7 KRBT J2 A5 R0 452t 149 B ML AT U672
15 (EXSIM) R85, 2 1 o 08 Dok 2 JEOBUELAS 7] 11419
O, 5 TR W2t A B2 30, >k 73 Mt Kappa X #52
2.

— ShRHEE

0 10 20 30 40 50 60 70 80

- —— e
0

.‘ﬂ 0

&

=

0 10 20 30 40 50 60 70 80
t/s

()BT 21 46 km

5, X B LA R W7 )2 3 (EXSIM) i#E 474 4.
K BEAILA R T2 72 A5 40 oo 55 Bl B, 1 208 & A
RIWZE AR 3 N ST 2 R K 2 1 1K
JZEAERIR, Y — AN W2 kA MR, HoAt 5
Wr 2248 BRI Bl AR B | AR ™ A A N7 |49 o skt
T 22 W2 19 s B nT DU VE AR 1 W2 DL
— I [ A R A g i R R o

NN

a(t) =) ]aij(t+Atij), (9)

P ra, () 256§ ST W2 BT DR A 5 5 72 50
TNGEE , a(0) F7m 1272 BTN JEE I A2

TEBEHLAT FRIWTZ A5 0 M 72 3 B R B S 80
FEA 3 FSE MR RSB R
VRV EE KON F1 W e A S0 e R R DT L
4 BOE X, 2 8 s B S L AR ORI
T

WRYEFEHLAT FRIWT)Z 15 19 3 RS HEER, ik B
bR s S E Wk 6

®6 A REHREIHSHILE

Tab.6 Seismic parameters of Yi-Shu fault zone

eS| Wl
Wi kv
E ) B fiiiffi/ () [232,10]
B/ (km - s7") 3.5
AR/ (g - em™") 2.7
WL/ (km - s71) 2.8
I3 F1I%/kPa 6 000 ~20 000
Kappa 0.022 8
AT Q 382443

1/R(R<40 km)
1/R%> (R >40 km)

RYEF 6 MHE=EshZHL, K] EXSIM f2 )7 R 5
IR AEAE YT IR b (4 M52 3l , I3 1 = sl
R E A S 2 BOR o BT 2 2415 A e s R AL

JUfTyHoE

0.5 ———
20
20 MMMMMW
s
=
=

05 .

0 10 20 30 40 50 60 70 80
— bR

TR /gal
()

0 10 20 30 40 50 60 70 80
tls

(b)HTJZ 120 km

B S EXSIM #5355 52 bRt 7= ik B B A2 xS bk
Fig.5 Time history comparison between simulated earthquake by EXSIM and actual ones



- 60 - oK

IR AEPNEE I

51 &

K EXSIM F2 77 345 U7 7R W7 2477 b 7% 2 i 2
B IG EASTAOLITAS (4 i R B AR S 1 R b AR 5 )
1057 0 bR B R R EAT T X b A2 BR TR R, A
5 HEGH T RSN 3.2 %, W24 514 46 km Fl
120 km B, P E5CHE in s B Bof A A X6 Ee. iT DL 1)
PRIFR 00T, S b 7 5 A H00 52 1140 0 3 s {1
Bl [ -5,5]#1[ -0.3,0.3] (gal), H KRR {E
BIFEFI 50 s BRI B, X — B 3R 0, 3l A B AL
A BRKT 2 7B BT A5 U TR 7 247 b 7 sh B0l O RS
T AT P

AHFFE C3AF L1 R 48 S M6 I vk i S5 M 72 1)
Y S s s S5 0. 022 8, B BUE W LA
FEAE EXSIM #2757 h H T MR sh AR o T 24T
T ST VS B AS TR) X i 72 Bl B 5 T, AR 5T AR
S YT VRIS (14 125 000 D 2 50 — 2 1) LA ¥

10
+ Kappa=0.01
+ Kappa=0.02
+ Kappa=0.03
10°F * Kappa=0.04
1 % %; * Kappa=0.05
5 ¥
= 10 ¥
&)
-9
10!
100 1 1
10! 10° 10°
W2 /km
(a) PGA X} H:
10°f
*
R * et
10° L "
= "n,ﬁ.\&
£ *%@
e} * %
10! kﬁ
#*
100 " 1
10! 10° 10°
B2 /km

(c) S, X FLH(T=1.05)

41 Kappa = [0.01,0.02,0.03,0.04,0.05 ], 1 &
JAZ T2 ML RE B), T 70 M7 h T Kappa B9 22 518
AR, 18] 6 25 AN [R) Kappa X 31 52 3l {5
HEE (PGA) KA R RIS SIS 1% (S, ) B2

HIET 6 TR, Kappa (9K Hiu e ol 6 R0 2 J5E
LSOV 15 4 52 ) 3 3 B« 1 5% ORI i, B A
Kappa R3S, PGA K45 J 1 S i (O EL 2 AR BE /)
{H Kappa AR AR B PCA K45 Ji 0 SO e W
JEBHER M LD R 3, i —HFPE I Kappa £
N—FP R, SRR S AR AR N

Bt J 03 9 38 K, Kappa B 22 A6k BB i
RN e 12 Bl 5 , R ) A K SR ), B Kappa
AL, IR 4% () U 2 B IS B W 3 AR (R R /MG HE A
HEIT. LRI, Kappa X J6 J& 1] 5 2% 7= A2 1) 52 i
ZRTF R

10°g
* L
i
- ¥
10° *#*fﬁ \
= [ ] :f
= ki W
o ;
10'}
10° .
10! 10? 10
W JZHE /km
(b) S, XTL(T=0.5s)
100
L . .
* * *‘*’q-&* *
* o * *;
€%
o wl *ﬁ**;*
;; ,‘: .
LI A
10° . .
10' 10° 10°
WHZHE /km

(d) S, X FEE(T=3.05)

6 Kappa BUEXT PGA K S, B MaxT Lk
Fig. 6 Comparison of the effect of different Kappa values on PGA and S,

Bl 6 78 R T 1% sl W s 1B B B o i i
Kappa [A8 {055 & 0 2 5 10 4 8 X — 4 o5, FILH
EXSIM F2 P LT R Wi 2471 6. 0 b8 , I8 a2 W
JZHE R 50 km, [R] B E AN [F] 5 b Kappa BUEAS ],
A5 1) AH IO AU b 5 2 06 o B % S I i, 3 5 4
AT, @57 NI Kappa FUAE FITAR R PGA K
N i AR A S R, LI 7.

Bl 7y FoRHE S S8 (PGA .S, Ui,k &
7~ Kappa HH. BE%E AR Kappa HUAE YIS i, AH
o7 1.5 I WA (L 3 R I 17 155 79 L 1 5 8 HIOE ik
/NIRRT DA ST WA A B OC R X — i R AT L
FHTHBRR R AR I, 45 3 DI A 1l 732 45 i a3 oAt
I b R RIE 1) F- et , & Sefli 1% X 38019 Kappa,
HETRT LR 2 S BUE S A 1T



512 ) B, 5 T IR i ) U PR 24 b R Bl s T e A - 61 -
r 11p )
Lok + PGA H(H + S, IUMH
PGA AEIIG S, B A
10t
0.8
% 0.6 e 09
= -
g o4 “ 08
0.2 0.7
0 T 2 3 4 5 6 06 I 2 3 4 5 6
Kappa HH Kappa F{H
(a) PGA Xt (b) S, X E(T=0.5 5)
1.1 I.1r
+ S, oMl + S, Mo
S, HeELA S, LLfE G
1.0 y=-0.055 lg(k)+0.995 1.0 y=—0.030 lg(k)+0.997
e X
0.9 0.9
0.8 . . . . . ) 0.8 : : . . L )
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Kappa; FEAE
(¢) S ATEE(T=1.0'8)

Kappa FCL{H
(d) S, X H(T=3.0 5)

6 %

“a

7w

E7 7 Kappa (R PGA & S, $#12X &XfLL
Fig.7  Quantitative comparison of PGA and S, with different values of Kappa

HZ IR BB AR Il i 522 0T ik T %R

A SCLAUT R W 4 S IG5, R FH i b iy
FI 2008 A1 L3k 1 b 52 sl i JE A0CH s #6477 i 3 4.
LA AT, ST T X Sk b A e AT IR AR
HAF T BT SEL, UL AR ML X 1Y) 86 AN FL B
IR R A SRt , 98 T S b e 5 WA E 5
HbSP-HA B Ui T 2 ] Y 56 3R [R) B RS T R A D
ZHOTHIFR S S8 (PCGA (S, 55) Y52, 153 LT
S5

1) ZEWF 55 Ut VR W7 245 S Hb ol b 72 2l 19 75 40031
A FH B, AR SCRR A5 2112 W 24 = 00T I8 S 4L K
IR/ K 0.022 8. 55 v [ UK . H A B 5 [ Y R AH
Fb , 12 W7 2407 B R T D S BB AR X BN, R B
b AT A B DI 22 5. A, 5 b R e
RUVFAFERE K - %5 3 1 A s T A5 1) 7 A5 30 ik
SR LG, AR SCHY B RR IR Bt ok A 3655, S A
ISEHR RN, I, B — i 2R RSO0 T, e
S b, s A DA FH /N TR 3 1l

2) TEBFE LU AR 48 55 N 37 1 Kappa 5 4H 1 37
Vs ZIRN SC R 3@ s A 15 8], B V g, 13
K, Kappa i AE/IN. [RIE, KR40 — 2 22 [8] 1 R a5, R
FIXERALY Kappa 5 V o 7 TG, @7 T 2

SRZ AT LU T HE AR A5 37 1 5 Ui sl 0 280 T, Xy
T IS R A

3) 7E Kappa X Hh 52 2 W {6 3 B K S 0y 3% (1)
S AT AR 2], JCIR W ZBE RN B E Kappa (1438
K,PGA 2 S, WEIE A Wi/ )N, {0 — 35 i 45 I B 1Y)
BT, X — 518K W], Kappa & —Fiz i 2
B, X AR S 2 HUN IR X LTC R . 8 A
[Fi) 7 b o 0T D 5 8 L (5 WA 3l B R s o3 b
HZ IR OCF , y Kappa & FI{H JC 16 35 HUHE 72 2
BT 04 DX Ve (P f o R SO i A T4 i 1 — b
B

5% Tk

(1] PhGRAE, T 4558, R0 Hb 5 ly b B by 3 5 Ak 2 ) 385 38 AL 7 47
[J]. E45741,2010,26 (1) ;165
SUN Xiaomeng, WANG Shugin. The structural feature and
evolutionary series in northern segment of Tancheng-Lujiang fault
zone[ J]. Acta Petrologica Sinica, 2010,26(1) ;165

(2] AEHR,ZRVIT, SROCAE , A5, #0052 4 0 g B oR of it 7% T g
RAMBANERT]. #hFRHL T ,2016,38(4) 1965
XIONG Zhen, LI Qinghe, ZHANG Yuansheng, et al. Preliminary
discussion on the possible area of strong earthquake occurrence in
future along the Shandong-Jiangsu-Anhui segment of Tancheng-

Lujiang fault zone[ J]. Seismology and Geololgy, 2016, 38(4) : 965



<62 - MoK OE Tk

PN %51 4%

[3] 5KMS, ERAT, kA, 5. BB W R R Bery hosf A AU i
HALRMELT]. HUBT2# 41, 2010,84(9) <1316
ZHANG Peng, WANG Liangshu, SHI Huosheng, et al. The
Mesozoic-Cenozoic tectonic evloution of Shandong segment of the
Tan-Lu fault zone[ J]. Acta Geologica Sinica, 2010,84(9) ;1316

(4] SKMS, ZmE, F2 A, S5 R0 W7 R Ll AR BEIR AL R g )
R TE ST [I]. F 017 ,2013,34(8) :2330
ZHANG Peng, QIN Xianghui, FENG Chengjun, et al. Insitu stress
measurement of deep borehole in Shandong segment of Tan-Lu
fracture belt and analysis of its activity [ J ]. Rock and Soil
mechanics, 2013, 34(8) : 2330

(5] HHHEAK, sRagar. KR Ml e 22 Fr DX b 7% g PR 1 )2 H 3TA
WHEBIAER )] A L TRAR, 2005,27(12) 11454
TIAN Hongshui, ZHANG Zengqi. Understanding failure functions
caused by earthquakes on the basis of seismgenesis soil layer
structures in Angiu area, Tancheng-Lujiang seismic zone [ J ].
Chinese Journal of Geotechnical Engineering, 2005, 27(12) ; 1454

(6] SEHFIE. INARHL X st 25 A X b iR B S G R P58 [ D] =
PN rp AR SR 22 R IFST T, 2009
DOU Haiyue. Study on influence of site conditions to ground motion
parameters in Shandong area[ D]. Lanzhou; Lanzhou Institute of
Seismology , 2009

(7] BN AR XA BT I SRR G R [T ], TRERS
5%11,2017(15) :62
GE Fugang. Relationship between shear wave velocity and depth of
bedrock in Shandong[ J]. Construction and desgin for projcet, 2017
(15): 62

[8] ANDERSON J G, HOUGH S E. A model for the shape of the
fourier amplitude spectrum of acceleration at high frequencies[ J].
Bulletin of the Seismological Society of America, 1984, 74. 1969

[9] 3K5F. ARSI REIOC R M XM 22 AT 5T [ D] MR R T b [
R TARJ1 2205 fir , 2016
ZHANG Qi. Study on regional differentiation of ground motion
attenuation relationship [ D ]. Harbin; Institute of Engineering
Mechanics, 2016

[10]BRUNE J N. Tectonic stress and the spectra of seismic shear waves
from earthquakes[ J]. Journal of Geophysical Research, 1970, 75
(26) : 4997

[1LIARIRTE. KBIR — W3t 5 ol R RIS B AR AE [T ] v St i
1994,6(1) .47
LIN Huaicun. The fearute of earthquake activity in Tancheng-
Haicheng fault zone[ J]. Plateau Earthquake Research, 1994, 6
(1):47

[12] PAPAGEOGIOU A S, AKI K A. Specific barrier model for the
quantitative description of inhomogeneous faulting and the
prediction of strong ground motion, part Il : Application of the
model[ J]. Bulletin of the Seismological Society of America, 1983,
73: 953

[13]JHANKS T C. Fmax[J]. Bulletin of the Seismological Society of
America, 1982 ,72.1867

[14]JHOUTTE V C,DROUET S . Analysis of the origins of x(Kappa) to

compute hard rock to rock adjustment factors for GMPEs[ J ]. Bulletin

of the Seismological Society of America,2011,101(6) :2926

15 1060 2N DI HFATIBIC Vi, 2R b FBFAEL D] O TR
2#412,2015,37(2) :525
YU Dian, LI Xiaojun. Empirical estimation of Vg, in the Sichuan
and Gansu provinces[ J]. China Earthquake Engineering Journal,
2015, 37(2): 525

(16 VBIHEZE NS, T H A 35 52 B 9 S [ 5% 8 24 TR 174 2 ok
KA R[] HFLEH,2017 47 :669
HU Jinjun, ZHENG Peng. Comparison of attenuation relationships of
different seismic types based on strong earthquake data in coastal
areas Japan[J]. Building Structure, 2017, 47 . 669

[17]YENIER E, ATKINSON G M. Equivalent point source modeling of
moderate-to-large magnitude earthquakes and associated ground
motion saturation effects[ J]. Bulletin of the Seismological Society of
America, 2014, 104 . 1458

[18 ]YENIER E, ATKINSON G M. An equivalent point source model for
stochastic simulation of earthquake ground motions in California
[J]. Bulletin of the Seismological Society of America, 2015, 105
(3):1435

[19]ATKINSON G M, BOORE D M. Stochastic point source modeling
of ground motions in the Cascadia region [ J]. Seismological
Research Letters, 1997, 68. 74

[20]BOORE D M. SMSIM-Fortran programs for simulating ground
motions from earthquakes: version 1.0, U.S. A modified version of
OFR[J]. Geological Survey,1996,56:1

[21JATKINSON G M, BOORE D M. Earthquake ground motion
prediction equations for eastern north American[ J]. Bulletin of the
Seismological Society of America,2006,96(6) ; 2181

(22 JEHEZE ASTE , AL 7. BT IR G 5 1k 14 T V8 10 ol b 7% 30 3 9 OC
FWFE[J]. EARTREEH,2018,51(7) =36
HU Jinjun, ZHENG Xu, XIE Lili. Derivation of ground motion
attenuation relation for earthquake in the South China Sea areas
based on a hybrid method [ J]. China Civil Engineering Journal ,
2018, 51(7): 36

[23]KENNETHE W C. Estimates of shear wave ( and for
unconsolidated and semiconsolidated sediments in Eastern North
America [ J]. Bulletin of the Seismological Society of America,
2009, 99(4) : 2365

(24185 353 B DRAR, 6. 2R 5 b IX s 753 0 =1 5 o ok
Q 18 I N B fR IR S 4P 5T [T ] MR T #2224, 2018, 40
(6):1324
ZHOU Shaohui, QU Junhao, MIAO Qingjie, et al. Inelastic
attenuation () value, site response and seismic source parameters in
Chang Dao region, Shandong[ J]. China Earthquake Engineering
Journal ,2018 ,40(6) ;1324

(25 1AW it B, b Y3, 45, 0 D RS S 2R [T ). b [ b
7%,2018,34(4) :1
ZHOU Shaohui, JIANG Haikun, QU Junhao, et al. A review on
research of stress drop[ J]. China Earthquake Journal, 2018, 34
(4):1

(455

AW E)



