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Review on research of ground motion site adjustment coefficient

Yan Jingru Zhang Yushan® Kan Wenliang

(China Earthquake Disaster Prevention Center, Beijing 100029, China)

Abstract: This paper reviews and summarizes the main research results on the adjustment coef-
ficients of ground motion field at home and abroad over the past 20 years, focusing on the
effective means of considering the influence of filed conditions on ground motion parameters
through strong ground motion observation and numerical theory methods. It summarizes the
applicability along with the pros and cons of various methods, conducts a comparative analysis
of the main results at home and abroad by combining relevant codes and provisions, and con-
cludes that the coefficients of soft soil field in China are smaller than the international level.
What’s more, the reasons for this difference are further analyzed. Finally, based on the current
development trend of international seismic zoning work and the new technical requirements of
the relevant codes in various industries, it puts forward prospects for the research work of the

new generation of zoning maps.
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Table 1 Proposed values of site coefficients given by different researches based on
numerical simulation methods
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Fig. 2 Predicted site adjustment coefficients from Loma Prieta strong earthquake records based on
US code (Borcherdt et al, 2005)
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Table 2  Site amplification coefficients proposed in the 2021 European draft code (Paolucci et al, 2021)
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D 1.8X (1—0.3S4, kp/8) 32X (1—Sp, kp/8)
— H(y— H — H
E (VSvH)O"‘O”’-“’(4 ) 22X (1—058, kp/0) (Kiﬁ)um“” 32X (1—Sp, kp/8)
800 800
Vs, 17 \~040re Vs, g \-07075
F o L. 4 X 1—0. 25( 2 40X (1—S5, rp/8)
09( 800) 17X (1—0.3S,. gp/2) 125( 800) -
S, Sa, - o .
E:m:kf“”m;m:—fﬁRﬂg;ﬂw%ﬂ%ﬁ%ﬁﬂ%%#&ﬁﬁ;Hﬁﬁﬁ%@ﬁﬁ%&m%;m%
Vs, 71/150 Vs, /150
LIPS EIFATATR

SR G, ) 5 5 2l 0 I E i 1 e N R 2 e 3 b OC R A U7 1 2 AR B W M I
e 37 R00SE 9 5 1, X M O T R A R A SR B O R I R L, i B MR Ik T, DL BT ) 3 i e
M J5T AR AR O 78 B R I 37 Ml 2% 11 Xk b AR B OISR e, DLk b s X AT S b R 2R BRI R G )
FRLE T 5 T D8 OC AR5 5 T OR R R b URE S B SR B O, T T ik 2 I8 T 25 A TN
R0, R0 T SEBr 3 s 45 0 19 52 2 P DL RS R C SROCTE W )2 e AR B AR, 2 L
SER B, TOUA L R IO R A AR K TBUE R Bk, IR BR B R 2 R A
RRNEALTT ¥, IR T R AR AR (b e 4 R B AT % &, 1N, 1 Aboye 55 (2014) i fF
T P $i B (LD By BER A BT 0k A5 B 3 R A R X AR BT SR OR 5 &
b b AR AR L Y DA 22 5 T R B4 0 2 SRS A S

2 FEARBRPILER

[ P A 37 Ml 22 E80 0 AR 5 AR S B O BT 0 R, R AT RO Y BRI 5 5 R 0
kA, N TGS A BT O, X b K R b 3 b AR B A A E R IA
P, ARG T E WA RIS R 7 R B, A TR 3 R4, R3O E A 2K i
AR FEBEIRAR, ST ORNE AR T T 285 1T 28 3 M 4 b 7= 2 e (i o R 9 R R
Bs 2% 4 Ry 35 B RN [R) 28 0] 37 b R R R B0 RS R, 45 T C, D, E 2SI HbAH X
T B 23 53 5 AE R 0.2 s F1 1.0 s Bsf 1) b 72 20 e {1 o okt J32 ) 8 R 8 F, R0 F,, b Pitilakis
Z(2019) HH T B M C 25 M 1Y 43 KR MEA TR, AL 45t D 28R E 253 b AH XS T A 2537 Hh i) o
AR

N A AMIESE SR W LA Ml T3 200 R e bR HEAS TR) L P b 3 80 I R R
B8 250, JUHEX TR0 Ok Ry EaEam s, RES M AE,
BN R A A R T 3 M 2000 ) 43 S 25 g o — 35, FRATT N E— 25 R 5 IR A G R RR 36 A o
HFE VR F B, $R0 22 5 a5, FE A 2 TR E b R HORE B — 2 B IE .



790 H = 2% Eire 4 5

F 3 ISR S A R AR R R B R

Table 3 Main research achievements of adjustment coefficients for different types of sites in China

TR R B (ELINSAL E T i3 b i 5 2R

25 K
0.05g 0.1g 0.15g 0.2g 0.3g 0.4g
0.98 0.93 1.00 1.00 1.00 0.90 H5t111(1998)
1.00 1.00 1.00 1.00 1.00 1.00 Z/NTERNZH(2001)
1.00 1.00 1.00 1.00 1.00 1.00 B 745 (2008 )
1.00 1.00 1.00 1.00 FREAE(2011)
0.77 0.96 0.82 0.70 0.87 ZEHR(2012)
I 0.50 0.64 0.69 0.50 0.51 TR 5(2012)
1.33 0.87 0.86 0.80 1.02 F4:7t(2013)
1.00 1.00 1.00 1.00 H K (2013)
0.99 0.88 0.86 0.78 0.92 0.94 Zikik(2015)
0.70 0.75 0.80 0.90 0.90 0.90 FERATIET-(2016)
0.58 0.61 0.70 0.60 0.60 0.63 TR T RE(2022)
1.00 1.00 1.00 1.00 1.00 1.00 Wi5IL(1998)
1.50 1.45 1.40 1.33 1.25 1.18 AN (2001)
1.27 1.25 1.23 1.20 1.16 .11 E B 4245(2008)
1.80 1.63 1.57 1.46 SEE(2011)
1.00 1.00 1.00 1.00 1.00 1.00 Z5H2(2012)
II 1.00 1.00 1.00 1.00 1.00 1.00 PR (2012)
1.00 1.00 1.00 1.00 1.00 F4:70(2013)
1.60 1.30 1.20 1.20 HRJH(2013)
1.00 1.00 1.00 1.00 1.00 1.00 ZEkik(2015)
1.00 1.00 1.00 1.00 1.00 1.00 FER AT F-(2016)
1.00 1.00 1.00 1.00 1.00 1.00 TR T RRE(2022)
0.99 0.88 0.88 0.88 0.88 0.89 H5t111(1998)
1.10 1.00 0.90 0.80 0.70 0.60 ZR/NERIE T (2001)
1.22 1.18 1.13 1.08 0.99 0.90 EPZE5E(2008)
1.29 1.25 1.20 1.24 FREAE(2011)
1.34 1.23 1.10 1.02 1.00 1.01 ZEtR(2012)
i 1.66 1.02 0.98 Hen55(2012)
1.19 1.17 1.14 1.11 1.65 T4:7c(2013)
1.80 1.60 1.40 1.30 K (2013)
1.40 1.25 1.29 1.11 1.00 1.00 ZEikik(2015)
0.90 0.85 0.80 0.70 0.70 0.70 FERATIF-(2016)
1.00 0.73 0.77 0.56 0.71 0.73 TR T RE(2022)
0.80 0.70 0.60 0.55 0.50 0.45 Z/NERIEH(2001)
1.14 1.07 1.00 0.93 0.75 0.65 BB ZE45(2008)
W 1.10 1.21 1.24 111 FAE(2011)
2.80 2.50 2.30 2.10 R (2013)
2.00 1.50 1.21 0.89 2Rtk (2015)
0.41 0.47 0.45 0.52 0.53 0.40 TR TR (2022)

P 5 152 25 [ RITRR 5G 37 i 1) B R K0 T B 0 R 6 L, 40 Hh 1 P L TR A IV 26
PAKe 225 2 1R BROUN RESE D 28 1 E 8 5 1 37 Hb e (i Jon 3t 88 I A0 ML J) 300D e O % 50 LE
N T 5 TR, A E BRSO AR R B LA T 26 B 2B 9 MO 27 b M R A e
P v o3 300 25 1 v T R SR R R R B P R L i 2, OF 5 R E HLYE GB 18306 —
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Table 4 Main research achievements of the adjustment coefficient of
different types of sites in America and Europe

I R R S (L TINSAL EE T 37 b i 5 2R

i I <0.lg 0.2g 0.3g 0.4g =0.5g P

F,

a

F.

a v

£E  1.40  1.40
E£EH 146 1.32
¥M  1.23 1.80 1.16 1.80 1.10 1.80 1.04 1.80 0.99 1.80  JoynerfilBoore (2000)
XME 1.2 1.96 1.54 1.86 1.46 1.76 1.38 1.66 1.29 1.56  Borcherdt (2002)

v

.40 1.40 1.40 1.40 1.40 .40 1.40 1.40 Hwang#5(1997)
31 1.28 .23 1.25 1.17  1.24 Rodriguez-Marek%:(1999)

—_
—_

C 2 1] 4
XE 131 .80  1.23 175 .19 1.74 L.16 1.72 1.14 1.70 Stewart45(2003 )
EXE  1.36 1.62 1.29 1.56 1.24 1.54 1.22 1.52 1.20 1.5l ChoiFlIStewart (2005)
W 121 1,39 1,17 134 114 1,32 112 L31 1.10 Sandikkaya¥5(2013)
£E  1.37 1,57 1.33 1.56 1.31 1.56 1.29 1.55 1.27 1.48  Borcherdt (2014)
EE 200 2.60 1.70 2.60 1.50 2.70 1.30 2.80 1.10 2.80  Hwang%(1997)
FEE 1,81 2.04 161 1.94 1.50 1.89 1.42 1.85 Rodriguez-Marek(1999)
*E 151 1320 135 132 .20 1.32 1.07 1.32  0.98 1.32  JoynerfilBoore (2000)
FEE 2,06 2.62 1.88 2.43 1.71 2.23 1.54 2.04 1.36 1.84  Borcherdt (2002)
D FEE 1,63 2.39  1.58 235  1.56 234  1.54 2.33  1.52 2.32 Stewart%$(2003)
FEE 1,81 2,60 1.47 2.14 1.27 192 1.19 1.74 1.13 1.66  ChoifilStewart (2005)
W 1.37 2,22 1,13 1.88  1.01 1.81 0.94 1.74  0.89 Sandikkaya%5:(2013)
EE 1,68 2.35 1.47 2.25 1.34 2,19 1.24 2.14 1.16 1.97  Borcherdt (2014)
WM 1.90 3.80 1.60 3.30 1.40 3.00 1.20 2.80 1.00 2.70 Pitilakis%(2019)
XME 2,60 3.00 2.20 3.10 1.90 3.30 1.70 3.40 1.50 3.60  Hwang%:(1997)
. W 1,20 2.48  0.94 2.00 0.82 1.92 0.75 1.8 0.70 Sandikkaya¥(2013)
£E  1.87 3.38  1.31 2.83  1.02 2.52  0.84 2.31 0.72 2.08  Borcherdt (2014)
W 1,60 1.30  1.60 1.20 1.50 1.20 1.50 1.20 1.50 1.20 Pitilakis%(2019)
10% 10?
() o hEIZH () o EIVEGH
A EEDKZH A EEERH
® DI o RKHMEF Il
— VA P — PEN AT
— WKEERI T — BRI T
<10k e e ] IV MU A 1 2% <10tk e ot [ IV I H0 2 23
;:é e ERSEESIHOIL A M 25 % e RSB HIAN 2 il 25
Nﬁ —== GB18306—2015 M7t % === GB18306— 20151\?‘%114
gsi NEHRP2009 D374t '.é;{ NEHRP2009 EZ&37
BT =
= H
T K
104 L L L L L 104 L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
ZHIHHPGA/g 2% bPGA/g

Bls o 5 BRR B SEMOR X L
(a) M3k D 2545 (b) Vel E 2K
Fig. 5 Comparison of major achievements between China and Europe and America
(a) Site class Il or D; (b) Site class IV or E

2015 F13E & NEHRP2014 AL #EAT X5 Fe . ol i (6T AT LAWY S8 Y, 0k s 3 s (OO0 FER: T2
D 2RI ), 3 [ 37 b il R 28 408 i i T 3R AT S0 SOCR, JCH R A O X R 2 S5 5 Oy B
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T g L 4 5 s 2R ORI R 5 ML B/ 9
3 ERSMISE SR

Y b Z RO 5 0 U O IR 2 S RO i JE 45 B BRSO XA A5 R, BRE
B ZAE X 10 B TAE — B AT 5. 3¢ E B MG K & b 19 8 22 WA T8 37 45 NEHRP2003,
2009 12015, ¥IUAHH LS T A W) 28 5 3 R R (7= 0.2 ) P A W1 (T= 1.0 s) I 32k B Js2 iz
TR R, AR, DL R (E N 3 B R R AR Fpga. BRIUNES F 4072 3% 71 HLYE Eurocode 8 X T
AN TF) 258 530 7 b e 3l T AS ) ) 3 vk 2 I i R A7 i 1 (T 6) . H AR TR B 1 L (Society of
Civil Engineering, 2000) 7% [& T 25 37 M 52 52 0, 45 11 AN [ 37 1b 288 531) 1) 3 Wb ) 3 R B LA 48 5 3
Mo R S B BB (5 5), o, SL1 Al SL2 43 B AH 24 T Fk [ f4 50 4F 4 M4 2R ok 7
63% F1 10% M) ML= 5 (25 /N%, 2013) .

) — A%l ) — A%l
--- BXbiliy - - BXIM

i CHIith L CHIith
3k =~ D¥Iith i -- DXt
P EX 7k b EX 7k

T/s T/s

Bl 6 Eurocode 8 75 1 A [F) 28 il 37 Ml ) #8014 S I % (S 37 M S L ag S RTINS JRE )
Fig. 6 Recommended elastic response spectra for different types of sites in Eurocode 8
(S, is site response spectrum, a, is ground acceleration)
(a) M>5.5; (b) M<5.5

* 5 HAMICHUR BRI HE h 7 A B R EF. 5 T 2R i 6 &

Table 5 The relationship between site influence factor F, and site classification in Japanese railway code

G355 G, G, G, G, G, Gs Gg G,
SL1 0.80 1.00 1.20 1.40 1.48 1.60 1.36 1.12
SL2 (i¥%) 0.80 1.00 1.27 1.36 1.45 1.27 1.09 0.91
SL2 (%) 0.80 1.00 1.18 1.06 0.94 0.82 0.71 0.59

T T AR PR BT A B T MR B S B0 R R R sh S 5K R B, B R
55 HAC L RE 3 2 X ] 1] GB 18306—2015 (48 A [ i [ [5] 5¢ Jo o Wi A 0 A e  Jmy , o
B ) G b o AL B 5 51 25, 2016) BRI EE 00 AR 408 A7 1 28 500 R % b 7R Bl (R T, JF
95 T AT 2 531 S b ) e 5 8 W (O R AR AR G A KSR R TR O b R B R
RIR, FE LG R 4 S R B SR B RN T RR S BT I A DGR (B 7)), 3k Rl gl SR A
WL I TR A X b, B R R AN AN R LM B B D, B K o B U
W B AR /IS, R 25 5 AR ORRE 56 4 U T KB i 22 501 . Fly T 3R 2R o DLRUE R B kAT
Yy b, 22 00 o B A SR PRI 238 T O S5 A R M A T 1%, AT I O 9k B A R WA 1 R 2 g A
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2R LAY “SEART AN, RO 26 e T
MO R I B O FER B R O AR 538, T ~~ NEHRP2UD9 EJgit
2003) . 5513 M 56 26 e 4 P Ay 1 e sk - Eurocods .1 EAS
L P 7 1 L 2 YK M2 #E D) 76 3 72 Ak 1

T BT 45 SR BT R T O S A AL

WO AT (I, R R, 2007; F A,
Mg, 2012; SR HRKAE, 2013), DA ILTE B
— PR Sl i o R R R &
AT RO Y, DA e O
B 37 b 1 4K 2R B U . 05

Vb4 RAF,

0 0.1 0.2 0.3 0.4 0.5 0.6

4 'LTJ' 'Io/l’_\. 5 g;él: 'L/I:\. 2 HPGA/g
7 T ESATIE S R E . O
HET, 3 52 iy & ek #oE OCE B 1 2 7 2 R RO
“ZHEER 22507 ML, X E PR Fig. 7 Comparison of site adjustment coefficient
ERXUNITENEREERES. REH —HE for soft soil layer suggested by current Chinese
X¥ THEWKSIA “SHER 2538 R codes and American and European codes
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JE 3 b R B F BT SR T TR T 1k Ry S R R A T 1 O3 T e S AR A T 1R ) L iR O Ik
T s R B A < IR (5 R R N I A S E N = N e o 7 AN 2 o G N N I R 3
D7 5T 25 0 5 00 25 A 22 KL B — AR X R B S6 T 2 T R [ Ml 4% 1 o M 72 3h 5
B0 (E RO 3 R 0 5 ), A AR (i) B AR i, AR LA ) 28 5 iF A SR R4 1
RS, PR A% G 55 30 2 M A0 D v ST 1) I b R R 80, JCIE A LR A R R AR M
24T R, DA B I 4 7 X R &5 SR A RL 2 e A A B L N T P R AR LR A 1 R Y M R R
FOBCME T IR, R [RIRA 98 N B3 B 0 T 25 R0t 7 1, 0 5 401 0 R G 55 A0 4 M Ak R e 3 TR 46
PEAE Dk . AR 7 2 0 28 5 AR i 1 R 1 AR 58 N Bkt AR R M 1 2447 R B
B M, B — MR FH — i vk HEAT S b 08 R B0 B S DL R B R OR B M, Sl ok 2
KRG, TFEGAEBR Pl iy FE 2507 b 47 1R 3 2807 Hhoi & R B0 T .

W, 76 “Z 287 MRS ST, M PO 22 i T 8 I 58 s B DL R A
X R TAEC X PGV 73t 18 %% 2 8042 T W B 17l 75 5K, Ik 3 F £ 2 80(PGA, PGV,
PGD) 17 Hh 18 % 22 50004 DX R A 58 TAE K 02 it — 20 38 T30 [ 52 35 B A Re ) i SR AR B i E A
LT PGV Hl PGD K37 3t b 7% 80 2 H0R 3 R A58 L 25 (1, 30 BER JR AT 8 — A% X Kl
PR 2 o) T A A s shad R b, R BERT OC MR, 45 o AR o LA B A7k 7 oR 4 T R
SRR, Oy B AR Y 1R R AR R S
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