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Abstract: The performance-based seismic design requires engineers to design structures with desired seismic performance for a
specific level of earthquake ground motions. One of the key factors is the determination of seismic effect, which depends on the local
site condition. This paper collected 956 borehole profiles and shear-wave velocity profiles of soil lithology in Beijing, Suzhou and
Tangshan urban areas, China. The correlations of the time-averaged shear-wave velocities Vs20 and Vs3o for the corresponding top 20 m
and 30 m depths for sites are established. Cyclic triaxial tests were performed on typical samples of undisturbed soils at the depth of
105 m taken from Beijing urban area in this study, and the shear modulus reduction and damping increasing curves with increasing
shear strain for various types of soils are given. Nonlinear site responses of soil column models for 170 borehole profiles in Beijing
urban area were computed, and the site fundamental periods Ts for each soil column model were estimated through the Nakamura’s
HVSR method and the Chen’s weak-motion method. Subsequently, combined with the site classifications of the current seismic
design codes at home and abroad and the recent research results of some scholars on site classification, two alternative seismic site
classification schemes were proposed, namely the two-proxy method based on the H (soil depth from the surface to bedrock with
shear-wave velocity = 500 m/s) and Vs (time-averaged shear-wave velocity for the smaller value of both the upper 30 m and H), as
well as the three-proxy method based on the H, Vse and Ts. The two proposed site classification schemes in this study provide a
beneficial reference to modify the site classification in the current seismic codes in China.
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Table 1 Site classification from code for seismic design of building (GB50011—2010)
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Fig.2 Spatial distributions of the borehole locations in
Beijing, Suzhou and Tangshan urban areas
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classifications in Beijing urban area
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Fig.8 HVSR versus frequency curves of four typical sites
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PEIRN. ENEUEN, T Davidenkov B 22 H £k Fyit
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Davidenkov ‘& 2L i 26 A K7~ N

b 2020 4
T =Gmax7[1 —H(;/)] (5
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/ 2B
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. 4. B N Davidenkov A S5,

LA AL ORI RS LT, R KB
39 FhEk, XEEZEE 105 m W3 TR
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FIH GCTS 53R =5 2 PHRIG 45 1 & 2R B AR
PEERERISI B IR G/Gmax FLEEL 1 5BIRAS 5
IR F ML, 9 iR K G/Gmaxs A HIZE,
LA A H 2R ) Matasovic B SHL By s Fl g,
{8 J Davidenkov BRS04, B fl . fH. THIBHH
Fatt: st F/KAZLLREL 0.49, R /KAZLL_EER 0.40.
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SRV HVSR VAT Ts (A &I 5 it
fE B 10 5 T Wik g S 166 DM FL Ak
A (A0 HVSR IEARE A H Ts 1) 4 DML
1 Ts EXTLREE R RIPIETHHET Ts{H, 96%M1
Kb o5 22 AN T £10%, XA B AEE T 55 52 A
HVSR AT Ts R A{EME; H HVSR IEXTHIA 5
ANAFI RIS SRR Ts M2/ T 0.2 Hz (I
K 8), iXtBAEIET HVSR it TsE st
. B 10 Fgm's 1~5 /0 S NS, BRI
HeRMERBK AHLER, s S 1~3 2HT
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Table 4 Bedrock weak-motion information

MWEAF  WE RS G J5 1A / (CI;?_AS 2 R %%;;P jﬁ mﬁ{féﬁfp Doy Tol's %:/;X:;%
s 2004 FKSH070410231834 FKSHO07 EW 17.02 6.5 51 200 12.73 0.06 2 600
s 2004 FKSH070410231834 FKSHO07 UD 18.14 6.5 51 200 15.30 0.10 2600
5 2000 HRSH010010061330 HRSHOI1 EW 14.40 7.3 105 200 20.19 0.08 1962
IR 2000 HRSH010010061330 HRSHOI1 UD 10.14 7.3 105 200 21.66 0.38 1962

AAHEE 2003 HDKH030309260608 HDKHO03 EW 17.45 7.1 148 200 25.84 0.60 1 400

HAME 2003 HDKH030309260608 HDKHO03 UD 18.04 7.1 148 200 27.11 0.58 1 400

HAME 2005 FKSH120508161146 FKSHI12 EW 16.84 7.2 202 200 23.15 0.26 2320

HAMIK 2005 FKSHI120508161146 FKSHI12 UD 13.75 7.2 202 200 26.69 0.20 2320
bl 2008 BNz ol NS 29.43 8.0 550 200 30.43 0.34 780
palll 2008 B -7 B UD 26.84 8.0 550 200 32.64 0.46 780

H: PGA NIEMENEEE; Dsoosw N 5% % 95%M1) Arias SREEREI s T, 4 S%BHJE Fb s B S S 1% it £ 5 AR I 1) Ja B34 o
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Fig. 9 G/Gmax- yand A -y curves of typical soil samples in Beijing urban area
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Fig.10 Correlation of site fundamental frequencies fs
according to the weak motion method and the HVSR
method for 166 borehole profiles in Beijing urban
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SR T I ERLA LRI A I T S b 5 K
RN T IEMALNA EM, Tsms 5 Ty Y
EBEET Tscs 5 Tsav FIWIEE. X 11 2533,
Ts-ms/Ts-uy = 2.08+0.45 (1 f5hrifE%); Xt 11T 2z,
Toms/Tsv=1.50+0.20 (1 fEAr1EZ).

Hunter 22154 182K Ottawa #Hi[X 185 MEh1L
Wi Ts fH IR B 723 T T RGPEM HLEL:
TAIA B E W 75 I HVSR MG H TonvE, K
FRZE S A S I X (D AS . Tses 1H,
Ts.cs 5 Tenv Z AT 1.0~1.6. B F 55 EE.HVSR
RN S A E S FR LR C SR TH L) T (AR 3E AR
FHIE, FWMENEGE EAA; Fk, 2N (DL ) A
B Ts i BAB R
3.5 ET Vsaon H M T EH R

12 5 AL TR IX 166 AN FLEITHE ) Tse Vsso
A H I =4EBUS 94T Ts N HVSR JRA159 72954
X5 AR IE AT B HAME, ' 10 Kkt
S E o VL 1L 2RI 1 Ts 55t /IME. Tsmin = 0.19 s+
I 5371 Ts Fe KAE Tsmax = 0.69 so 11 ZEF1 111 2837
Mo L IRELAE H=50 m, Vs3o=275m/s, Ts=0.4s i,
A S A TR RIN T 26370 (B 12 1 1~4), 3
AT 2RI T2 (B 12 /R 5~7), it
KA AE R R TsH. 28, W5 1~4 111
K hifL H B 58 79.2. 78.3. 74.6+ 100.0 m,
B = Aok gt =R mE L, Fit,
XUEEEFL 11 283 i N T 2837 2 S B G
5 5~7 1 11 B35 HAE 30~80 m 2 DA AR A GR Ay
NERLE, X E Sb 2 5T T 1355 250,
B HRIN T 37t A R .

B 12 1A I 38373 (3R 1)) Vsao, H and Ts A5 R
Fig. 12 Boundaries of the indicators Vsso, H and Ts for

site types II and III (Table 1)

Zhao R H AR K-net 375 & 603 4™ & ¥
3 EMEIC KT A HVSR H, AHE 5 Rl
T Vsso NEEFR BB MR T o 11, TRV IR
Ts FHERME. ATLAEH, Zhao ZEMORIII. TS
(1) Ts FPR1E, H5AIG R H=50 m 11 111283
HiF) Ts SEPRAEAHTE] . Hassani 252°5R H £ [E NGA-
East fl Southern Ontario 5% 5= 1035 ¥EF 353 N &
w3 AR RN TEE HVSR fH, BLEMER Vs
RARFRI RN T 11, TITRIVR Ts SRR
fEW% 5 fi7n. Hassani 52715347 7 3% [H CENA 58
BEMEIH Va0 5 Ts KE, KI 150 m/s < Vszp <
300 m/s I Ts = 0.5 s, (HF 2 R0 N 5% 5AH 24 B AL
H. Vs30 =700 m/s i} Ts = 0.1 s.Zhao!'Y 1 Hassani!?¢7)
Fon A RIS B Ts SRR AHIT o

®5 ETHRRICKKARZHMIHNHZIMEARY Ts E
Table 5 Site fundamental periods according to strong
motion records for different site classifications

Yyt SR Vs3o Ts/s Ts/s

F ik /(m - s (Zhao 45019)  (Hassani 4(2627])
- i >1100 <0.15 <0.08
I A = 600 <0.25 <0.25
11 fifit 300~600 0.25~0.40 0.25~0.50
il —f&t  200~300 0.40~0.80 0.50~0.90
I\ K+ <200 =0.80 Ts = 0.90

VJI_ V530 'THEE Ts *D H{H&ﬁé{ﬁ\tﬂ V330 = 4H/TS.

Cadet ZEP8FF H A KiK-net 3% ZEid %3k
Ko 7 AFIFRUER) “ReEmHh” &3, ¥ bR
FHH B SN 750 mis<Vs30<850 m/s H Ts <
0.125 s KMk, Kotha Z£EP1H| A Kiban-Kvoshin 5#
BE ML E, WHEEH34 < My < 731
850 KHLFE. 106 m/s<< Vs3o < 2 100 m/s 1] 641 4~
877 NI D=t TN T B AR e R E ' AN P = alini el
B O<<Rjp<< 543 km [{J 15 896 MHE i, ZHihE
FHT 4 B IE 6. Verdugo 2571 6 YRE LK 8.8
&L ERIERE LS, KA HVSR e TsfE,
I’E’Xiﬁliﬂ%’é%” E %’éﬂ\j Vszo.e < 180 m/s H Ts > 0.8s
3, FRALT B 283 b i F i 45 1 8 A ] 34
Tr<1.5s.

R 6 IR T

Table 6 Site cluster characterizations!3"!

iﬁl{b‘%% V530/(m-s 1) Hgo(]/m Ts/S
C 450~800 5~20 <0.1
Cs 450~600 10~30 0.1~0.2
Cy 450~600 30~100 >0.6
Cs 300~450 >50 >1.0
Cs 200~300 >50 0.4~1.0
C; 200~450 30~100 0.2~04

W Hgoo WIWREMFEILE (Vs> 800 m/s) M SZEE.
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Fig. 13 Site fundamental period distributions
of three site types (Table 1) in Beijing, Tangshan
and Suzhou urban areas
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T SO T R 24— EU1 - 2008 SR 3B E K SR 2t
FIARENFN/N G G Sl SR FE IO 3%, I8 s I 1 6
B2 h 1.84 2.8 s, TR JE7E i E 0K S W FR 30 1)
JROKAE F AR B3 B,

gi b, g5A BN AN A o S SR R,
ANCK To W2EAD T Ws, T WRANII S, T128H0
[ ANV IV RFIRR R 2R 1) Ts FHRRAE 5351
HUNO.1. 0.2, 0.4, 09, 1.4s. B =T5trH
FRNYRTTRMER T fion. KB, TsERNFHANIZH
IR A INAEAR, T ESR I Ts A2, Wiz
I 5 KB RR T I —A 0.

R BWHILL Vsyow H R Ts AIatRHIZ0 KT R
Table 7 Proposed seismic site classification according to
the proxies of Vs3o, H and Ts

Yyt + )2 Vs 5% + )RR Gy b FE A )
Kl EAVs/(mesT) H/m Ts/s
Iy Vs> 800 - T5<0.1
I 800 =Vs> 500 - 0.1<Ts<02
I 500 =Vep> 275 <5
II 500 =Vep> 275 =5 02 < Ts<04
II 275 =Vg> 170 <50
il 275 =Ve> 170 =50 04 < Ts<09
11 Vee < 170 <80
\Y Ve < 170 =80 09<Ts< 14
FER T2 Vs < 120 =10m 14<Ts

TE: Ve MTHSLIR LU 2 22 BEAN 30 m PIEIE/IME; H<3 m )
YoM, WL RAMERREE, WA T 2.

4 #Z ®
M T ARG, SR LR IX 74 956 AN 7L

Veao Al Vo IAH M R 35215/ HVSR VA5 5H
TACEIEIX 170 NS FLEIT T Ts 15, 456 B A4
W BT R RR, R R

(D) i) Vsso {ELEE Voo K 24.4 m/s +7.7 m/s,
PE LRI R R B, WA R*=0.971.

(2) 5578745 HVSR VEiHE I Ts AL,
FHEAE T A EEE R eI S . 415 HVSR-
M M I, TC R EER, AR SRR E
Ts At 2455 R VAT H 3R A0 QO 522 58 005 RS A1 17
T E RS, TR HVSR 5 TsfE .

(3) $EH ) Ve F1 H IR bR 2K I Veps H
M Ts ) =4 bR 72807 2, X R EIAT A F
O ) S BRAB AT T R, TR 7 I S B U
THEFLBRAEA 1502250 m/s, 4373 %A 1704275 m/s;
WA R Sk, KR T Vee<150 mv/s H
H <15 m 37 IR 150 < Vsg < 250 m/s

H H<3m gt 2K H . =fabrizh s
J7 N T AERFERR, B ToF T, WK, T, WA
2%, IS, MIAIIVE, VSRR + 2810 Ts
FBRMEMR KB 0.11 0.2, 0.4, 0.9, 1.45s; s>
Kt =R bR AR AL, BER, R RS 2R3
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IS, IV, Z37h 20 0 AL N e &
2 H TR

5 BB
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BIHE—IRE Z K BERP I B UIEGE Vsz F Vsso #H
RYERT 1g RELRPERA (FHFK Boore #27) . Wang
SLEBARN A FIREE 20 A1 Zs Ab 1 A s SF- 25 B 1)
Vszi Bl Vs, I8 Vsz 5 Z A71E 1g RIZMZMER R,
PEIAL R Vs (FEFR Wang #4) . Boore 1544 [ )3
F T8 R DX S R el FL B RE; Wang A5
(1) N JE 75 A R & DX I i AR A LBk TR
ANEZEBBIR H Boore A AUFT Wang A543 A7 46 5 [X
BIP)PEMNRIRE Z > 30 m [ 460 MNMEEFLEERLK
IiL: Boore &AM V3o, 1g(Vs2) AT 1g(Vs30) [ Pearson
R ARH r BE Z SR BRI K, Z>15m i, r=
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