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Research progress in the site seismic response based on
geotechnical vertical array
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(1. School of Disaster Prevention and Reduction Engineering, Institute of Disaster Prevention, Sanhe 065201, China;

2. Hebei Key Laboratory of Earthquake Disaster Prevention and Risk Assessment, Sanhe 065201, China)

Abstract: Previous seismic damage investigations have shown that the seismic damage of engineering structures is
closely related to the site seismic response. Therefore, studying the site seismic response has significant theoretical
and practical value for the earthquake fortification of engineering structures. The geotechnical vertical array is an
important platform for conducting site seismic response studies. As one of the main methods of obtaining strong
ground motion records of the surface and underlying strata, it provides data support for the study of site seismic
response. Based on the distribution of most of the existing geotechnical vertical arrays in the world, this paper
introduces the basic information of the Garner Valley downhole array and the Treasure Island geotechnical array in
the United States, the Port Island downhole array in Japan and the seismic monitoring array of site and structure of
the China Institute of Disaster Prevention in detail from four aspects: geographical location, soil layer lithology,
instrument layout, and velocity structure. Combined with a large number of relevant literatures, this paper
summarizes the research progress on soil nonlinear dynamic characteristics, site amplification effect, and seismic
response analysis methods of soil layers utilizing geotechnical vertical array. It looks forward to the problems that
urgently need to be improved in the follow-up research, which has a certain reference value for the in-depth study of
the dynamic response mechanism of soil at different depths and the site seismic response with deep soil layers.
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Table 1 Basic information of geotechnical vertical arrays'"*'5:*7*]
Hh B TR
ER BIEAFR fRT PR AR BRI /m
ZJE s B3] it/ A
XFE  1HFE KA (Borrego Valley) BVDA  116°22'W  33°19'N T g 3 5 0.9.19.139 238
BIR AP (E] Centro Meloland ) — 115°26'W  32°46'N T g 3 4 0.,30.,100,195
Jt B (Eureka) EGDA  124°09'W  40°49'N i EE 5 0.19.33 56,136
fIN4N4S ( Gamer Valley) GVDA  116°40'W  33°40'N T 7 0.6.15.22.50,150.501
AR (Hollister) HEO 121°36'W  36°45'N i 1 6 0.10,20.50.110,192
FEPG N (La Cienega) LCGA  118°22'W  34°02'N insde B 1 4 0.18,100,252
441 1% ( Treasure Island) TIGA 122°22'W  37°49'N T BT 7 0.7.16.31.44.104 122
SCRRFFIC B3 ( Vincent Thomas) VIGA  118°16'W  33°44'N i g 4 0.18.46 .91
TR 8K ( Hayward Bridge East) — 122°05'W  37°41'N i et 4 0.9.30.91
183 Je /3 Bl ( Delaney Park ) DPK 149°58'W  61°12'N T g3t 7 0.4.10.18 .30.45 .61
H7A&  #8 (Port Island) PIDA 135°12’'E  34°40'N i T 4 0.16.32.83
T ( Chiba) CHBA  140°06'E  35°37'N Jinsd B 1 5 1.5.10.20.40
75 B 5 (Rokko Island) RIDA 135°15'E  34°40'N i g 4 0.35.98.154
i ( Kushiro) KPA 144°22'E  42°59'N S B 2 0.77
1635 ( Shuzenji ) — 138°54'E  34°58'N i 3 0.36,100
37 LT ( Tateyama ) — 139°47'E  34°57'N i gE 4 0.10,38.100
Z<#5 L1 ( Higashimatsuyama ) — 139°23'E 36°03'N T 3 0.,58.120
JEEVE (Fujisawa) — 141°21'E  38°51'N insg B 1 2 1.30
v % 7R ( Luotung) LLSST  121°45'E  24°39'N T 5 0.6.11.,17 47
F£3% (Hualien ) HLSST  121°37'E  24°01'N pllipriwat 5 0.5.15.26.52
T (Wuku) WK 121°26'E 25°04'N T 6 0.30.60.90.141,350
K (Dahan) DH 121°35'E 24°02'N T 4 0.50.100,200
FAY (Minquan Park) MP 121°33'E 25°03'N i gE 4 0.26.46 100
K Yeong Ho) YH 121°29'E 25°00'N Jinade B 1 3 0.50.198
ET % ( Bailin) BL 121°30'E 25°05'N T g 3 4 0.27.70.230
7 KRB 2% (IDP) SMASS  116°47'E 39°57'N i gE 6 0.30.65.101,151.236
JEE LI W ( Xiangtang) — 118°09'E  39°34'N i 1 4 0.16 .32 .47
Hfl BRYHHZ IR (EuroSeisTest) — 23°17'E  40°39'N T g it 6 0.18.40 .73 136,196
FA[EE AL ( Atakoy ) ATK 28°50'E  40°59'N S A 5 0.25.50.,70.,140
BAR (Fatih) FTH 28°57'E  41°01'N Jinade B 1 4 0.23.60.136
EHEAR /RS (Zeytinburnu ) ZYT 28°58’'E  40°59'N T 4 0.,30.,57.288
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Fig. 1 Profile view of the soil lithology and instrument at the GVDA site"*!
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Fig.3 Shear-wave velocity profile at the GVDA site!*'"*

22 &RBELTEH

G AR B — A A P K Ty Fe R R A N TG | 2 T ISR A AN B PR G R G SR U I
—ZB IS HR R EAR N AE D S IERAERTZ 12.8 km, H 536 22 A0 M 72 2 5 35045 1 B f ot
4 AR 29 ke, SR S VESE B3 MR SR T A RIZAEDY . BT AR WK 5T 20 DL R SR D A v
TS MRS R , L FE IR B 2 AR B, B T 55 K Ewid, i, A TR 48RS K+
R A et b R Bl A i 1 A B TR AP BRGTRR 4 mh 4% TR PR RS AR A A , IR 8 2 S 58 22 ORI 34 F 1992
AETEINAAR JE M TH 4 11T %) 4 A 5% Vg 235 b B 3 5 3 B JR AH & 1 DX 8 (37°49 N, 122°22' W) A i T 4R
5 1 BB (Treasure Island geotechnical array, TIGA) SO0 IFAE TIGA M6 2 32 0 Bl N 22285 T hnsd 3,
WAL T HBZ AT 7.16 .31 .44 104 122 m Ab7)

TIGA S+ )2 [ i N2 e -2 (WA B K Y, 2 13 m)  #r i IH 4 1075
(16 m) MAPE(12 m) HUHHETRE (35 m) AP FZ (5 m) FUET B RET T (10 m) , AR IS il vl |
WA AR b 5 B Z AR, H R KA HRIRZ) 4 m™™ | TIGA 344 + )2 350 1 5 A #8 A A B K 4 FiR, Y24
ik, IR A JE R R R TIGA #4717 RS A ER Y HLS 4 T 0k, 75 2 i 5dis b ik — 2B 0F oY
ML T IR B 4 P BRZE R GIBBS &5 S A BY 1) B 3] T, 21 RS20 ) GIBBS %% sl i
ST B T TS 2 A s AR A1 24 5 U



o502 TR, 55 F T8 1 R0 5 PR TT I 3 i b 75 I 0y AR 5T Y ik e 55
P33/ (m/s)
200400600 800 1000 0
= o GBS ¢ (BT L BIR
Tk f MMMW¢JM» .
2/\ /|.: 25 5i )J)( i 29
] F -2 B LT ¢ P
ol Jf;‘ujlm *}}ﬁ/ =~
. o SRRZILL 4
5
IS
60} TH VS e g 1
sl BRE
ToET e+
—r 91
100 98
[ ] @‘)fi
110
4 TIGA 3Zithp) + EHIHE B EM IR EREE D
Fig.4 Schematic diagram of soil profiles, instrument locations and shear-wave velocity of TIGA site"*!
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Table 3  Six seismic events obtained based on SMASS array

75 B 44 PR KEHM R M L A RIEEE/km BPHE/km
1 FHHE 2019-12-05 4.5 39°18'N, 118°02'E 10 118
2 iR 2020-07-12 5.1 39°46'N, 118°26'E 10 142
3 AN Hb 7B 2021-04-16 4.3 39°45'N, 118°42'E 9 165
4 F bR 2022-02-24 3.0 39°21'N, 117°55'E 15 117
5 IR R 2023-08-06 5.5 37°09'N, 116°20'E 10 314
6 5T S 3 7% 2023-09-01 2.7 40°08'N, 116°28'E 17 33

SMASS {5 B () 2548 88 1] 5 B A R VU, 76K BEAE 1 ~ 5 )2 A0 TR BE 1 b v kg oA A 2 Ab A ik T
6 A ATt IR EE T, LI ) 45 4 b 5 07 9 FL SR, A8 6 (a) BT, MRl 6(b) PR, 25 158 ) 5 B A7
TABIE LAY 23 H AL 5 2% SO T AR B INIET 6 () Bion A LB S B 2 AL 5 A LI A (302~
S06) 1 A~HB DL 55 (S01) (2 AN FLERZK 3 W 45 (P01, P02) (1 AAZ R & FL (EO1) A1 1 A48 R
LW . B SO1 4,502 ~S06 434 7E DL EO1 RIRLLy ARk 8 m (IR [, SO1 {3 F EO1 1E 4R ] 1%k
PSR A T W 28 9 5 POT  PO2 £ T EO1 FOALAN, 55 S02 . S03 2R P i) JB A . b T WF9E + 2 ek 45 M AiE 5
TR MR, 7E S01 ~S06 e 1 VA= s BE 11, 43 il A i A iR AT 30,65,101 151,236 m 4b;
A IBTE POL P02 BT 30 m IRBEALZE4% 18 Hedt DA ic si i 101 () 400 AN 4 2 AL AR fR B L
B06
BO5

B04 ZEHRE 4
Bo3 IRIZA BRI
BO2 P01, P02, BGK 4500S-350 kPa

Uy ojop oo
gy ojop oo

Pem A k=143 u u 1502,30 m
P02, ||POI,
S03.65 m 30m |30 m

S04,101 m ‘ |
1P | ,,,,,,,, S06
S01, BO1~B06: ES-T I |
S02, S03: SBEPI S05,151 m ‘ 3
, LA A
S04, S05, S06: ES-DH -
OB $06.236 i - L
£01,240 m I m (BO1~B06)
(a) I S5E5FI MR & B i 1 ( EW ) ) (¢) AR &R mE

6 S EMMERN AR
Fig.6 Seismic monitoring array of site and structure
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