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Variation law of optimal seismic peak intensity measures for
underground structures with burial depth

Zhao Mi Guo Mengyuan Zhong Zilan® Du Xiuli

(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,
Beijing University of Technology, Beijing 100124, China)

Abstract: Determination of a reasonable seismic intensity measure is very important for struc-
tural seismic performance evaluation. The seismic response of the underground structure is
closely related to the deformation of the engineering site under earthquake excitation due to the
constraint of the surrounding rock and soil. Besides, the burial depth of the underground struc-
ture also has critical effects on its seismic response. Therefore it is of great significance to inves-
tigate the variation of the optimal seismic intensity measure with burial depths of underground
structures in engineering sites. In this paper, one-dimensional equivalent-linear earthquake site
response analyses was performed by using 50 actual seismic records as the input motions to
estimate the seismic response of homogeneous half-space sites and layered half-space sites. For
the convenience of comparison among different numerical results, the engineering bedrock is
assumed to be a linear elastic medium herein and the earthquake ground motions are input in the
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engineering bedrock at the same burial depth of 200 m from the ground surface. Based on the
proficiency of the results, the optimal peak seismic intensity measures (peak ground accelera-
tion PGA, peak ground velocity PGV, peak ground displacement PGD) varying with the burial
depth of the site were investigated herein. The numerical results show that for the selected two
types of sites, the optimal peak seismic intensity measure changes with the burial depth of the
site. When the burial depth is small, the proficiency of PGA is the best. With the increase of
the burial depth, the optimal proficiency changes from PGA to PGV. Moreover, although the
critical burial depth corresponding to the transition from PGA to PGV are different for different
sites, it exhibits a linear correlation with shear wave velocity of the engineering sites.

Key words: ground motion intensity measure; burial depth; proficiency; peak ground acce-
leration PGA; peak ground velocity PGA
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B HOCF 1T 4548 B AF 98 & R i i, A ZAF 58 N BUIA K M 4549 I PR R RE AL T i
SR, DRI K o AP b T 554 34 5K % JE 0 % 1 (Hashash et al, 20015 T 51, 2002) . {H iz 4
e K& FZ 5 WA (Wang er al, 2001; Scawthorn er al, 2006; £ GHESE, 2017) 28 I L2k . % iE
S AR B R S5 T AR E L O TR 45 R sz B, s 2 e
()i 8 254 . PRIUEXS T T 5P B e A SR L W L. 8 — 5 B B B
6 % (intensity measure, 455 4 IM) &3 TR PUE RIT LM EE R 2 —, 51
M T LA 30 b 88 0K 25 ) i g 5000 110 8 e, PR 4 B I LA E B R

H AT AT A DE T IM 5 H b 858w R 22 (8] ¢ R ST, JF U T8 2 BUR, AR IM X
0 AS [ 255 40 B2 200 17 s A 380 FH AR ), A Tl TME e AR AL 235 4 19 350t R ] . Riddell (2007) Al
Yang %:(2009) Pe4% 24 [ BE AR R R IT I 5T, HE4% 50 36 W ik B U4 A & T RIVE R 5,
RAEFREH TP ARG, MBERMIEREH TRERS. THME2012) BT 60 4~ HiE 3 5%
BESHUR 6 D E5H SN B8, G0t LR A TRV 23 B AR 10 5 A A PR A O Y b AR B B SRR
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BOGE L7805 3 8 b S5 85 S 5 5 B S,(T,) 5 T A R SR R A R 2 A S AR ] 30 X 17
WG E S, (7)), 4 RFWZE ] S,(Tey) FT LAAT R0 B AR A5 15 23 Br 45 SR 10 B ok . Yang %5
(2019) T P A A [ 3 1) B R 45 M 2R AT 7 A 8ot 7840k DA 2 RO (9 4 B, R T AR B O
T 3% 5 R TR B 4 TR 7% 5K 2 U (engineering demand parameter, 4’5 *A EDP) 1A 318
B, 5 AR Z W58 N BT X i a0 B R 245 0 (B O 7 45, 2013) | B R (T 2045, 2014) | &
A OSNTEE, 2014) . WIS (F KR, 2016) F AR5 2 H0 IM Z [ 1 R EIF T 5.

M T 32 B LA R 290, b T 25 0 170 b 52 ) J07 AN [R) 1 Ml b 2548 . 33 T T 2544 19
RZ BN IR B R AR IM BT ST AN A R . Chen Il Wei (2013) 438 7 % 44 m A 1L 04 % 0 4o ) 4%
PR 0 45 B0 5 1 72 2 0 B AR AR Z TR DG 3R, 45 R 3R WY L 04 9K T e D R A A 40 4 K R A
O TR i 5 S AR AR RO A DG PR AR L B E E A (2020) DL H A P B 4.8 m ) K MLk 4
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KRR 45 2, LA i 34 ¥ (peak ground acceleration, 45 4 PGA) Fl & & Mk & 1, AL
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Fig. 1 Shear modulus ratio and damping ratio varying with the shear strain
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Table 2 Information of layered half-space sites
G5 32 +%5 JEJE/m HEL /N W/ (kg-m”) YY1/ (m-s™) il

. +2 1 40 0.42 1820 113 I
Hh 6 © 0.20 2300 500

» +2 2 40 0.38 1850 166 I
Hh 6 © 0.20 2300 500

" +2 3 40 0.35 1920 210 I
Hh 6 © 0.20 2300 500

" +2 4 40 0.26 1920 254 I
Hh 6 © 0.20 2300 500

s +2 5 40 0.30 1970 312 I
Hh 6 © 0.20 2300 500

6 +2 5 40 0.30 1970 360 I
Hh 6 © 0.20 2300 500

- +2 5 40 0.27 2100 425 I
Hh 6 © 0.20 2300 500

s +2 5 40 0.27 2100 493 1
Bh 6 o 0.20 2300 500

N AR O AR TG L JE A
R A S AL 7 U5 25 T8 L A AR PR R, N R B0 S5 R R A 2 BT B0 v 2
& EERA FAFHEAT 7387, 20 A i 37 M JEG ¥ 2R T ORI B, 48— 7 200 m & b g A = 30
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2.1 HEZNIZRAEE

Davalos 1 Miranda (2019) 48 H { R FH 7 5. 4 b 55 20 IR 08 4 5 1 45 25 /8 AE vk #r, ol g
SAEAS IM 55 25 0 b 7% 0 N7 22 [ 0 RE DG M BN 225 [RIA, MR D S AR LR S H R T
T2 37 1, 2% A1F O sl f X6 BE A i R B AR M . AR SCN PEER 5 5% 10 s B0HE e rh A B 25 AN
[Fi) b 52 2R 19 50 SIS e shic sk . B H ATy Ak, XTI 3 w2 1 R 4 JF T g — i ALE
T E DA R BEAE O IO B 0 R A AR . © A SRS T ASTR S R A AR dE L 40 20 km (Bray,

Polinid i/ g

— PR
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Fig. 2 Pseudo acceleration response spectra with 5%

modal damping ratio for ground motions in Table 3

Rodriguez-Marek, 2004), 23 km ( Akkar,
Ozen, 2005), 10 km (FEMA, 2009) %, %4
% J& J5 AR SC B 15 km A R 3 12 3 14 R o Mk
Wi b, A SR O R B iE Sk G 7 )2 B
¥IR T 15km, H PGA {4 0.019g—0.229g,
PGV {i [l 4 0.52—19.07 cm/s, PGD i [l
0.07—11.58 cm. JIr 3% HCHh 7% 8l (4 3 40 {5 2. 0L
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Table 3 Ground motions records used in this study
Eic R TR E4y vs3o/(m-s™) RS W2 /km PGA/g  PGV/(em's™) PGD/em
SBA042 0.090 11.41 3.43
1 Kern County 1952 514.99 82.19
SBA132 0.132 19.07 5.49
DCF090 0.172 3.57 0.40
2 Lytle Creek 1970 667.13 20.24
DCF180 0.162 6.50 0.99
PPP000O 0.104 4.95 1.26
3 San Fernando 1971 529.09 38.97
PPP270 0.138 5.46 1.09
. SCP070 0.074 2.13 0.09
4 Northern Calif-07 1975 518.98 63.64
SCP160 0.108 2.28 0.09
. A3E146 0.065 3.91 0.79
5 Livermore-01 1980 517.06 30.59
A3E236 0.057 2.68 0.50
PFT045 0.099 2.04 0.18
Al H C -01
6 nza (Horse Canyon) 1980 724.89 PFTI35 17.26 0.122 5.19 0.59
. TM2000 0.026 3.61 1.13
7 Coalinga-01 1983 522.74 42.92
TM2090 0.037 5.72 1.43
25EQ2EW 0.020 1.45 0.36
Tai SMARTI1(25
8 arvan 25) 1983 671.52 25EO2NS 92.04 0.020 2.50 0.44
HAUO000 0.029 0.63 0.07
9 Borah Peak ID-02 1983 612.78 49.02
- HAU090 0.033 0.52 0.08
. SJL270 0.081 7.31 3.74
10 Morgan Hill 1984 543.63 31.88
SJL360 0.070 5.22 2.20
X NS 0.032 3.13 0.26
11 Veroia_Greece 1984 551.30 16.89
- WE 0.044 3.94 0.35
. H01000 0.054 1.70 0.13
12 N. Palm Springs 1986 532.85 54.82
H01090 0.049 1.28 0.16
MAMO020 0.042 2.15 0.60
13 Chalfant Valley-02 1986 529.39 36.47
MAM290 0.048 3.17 0.70
45EO2EW 0.136 14.42 6.72
Tai SMARTI1(45
14 arvan “5) 1986 671.52 45EO2NS 51.35 0.142 12.54 6.61
. PKC000 0.158 7.73 1.08
15 Whittier Narrows-01 1987 508.08 36.12
PKC090 0.163 7.71 1.08
. A3E000 0.079 6.14 4.64
16 Loma Prieta 1989 517.06 52.53
A3E090 0.084 7.07 4.27
. NS 0.103 11.03 1.22
17 Griva_Greece 1990 551.30 33.29
- WE 0.098 8.69 0.89
. SHL000 0.229 6.92 0.39
18 Cape Mendocino 1992 518.98 28.78
SHL090 0.189 6.30 0.52
SIL000 0.050 3.76 1.93
19 Landers 1992 659.09 50.85
SIL090 0.040 5.08 4.04
X CUC090 0.051 3.42 0.59
20 Big Bear-01 1992 509.10 59.87
CUC180 0.032 1.95 0.43
. ATB000 0. 046 3.20 1.82
21 Northridge-01 1994 572.57 46.91
ATB090 0.068 4.16 1.97
CHY000 0.092 5.32 2.86
22 Kobe_Japan 1995 609.00 49.91
CHY090 0.110 4.12 0.97
. L 0.019 1.40 0.27
23 Kozani_Greece-01 1995 579.40 49. 66
- T 0.019 1.49 0.26
. PFT090 0.036 5.12 1.77
24 Hector Mine 1999 724.89 89.98
PFT360 0.027 2.30 1.90
N 0.053 5.75 5.28
25 Duzce Turkey 1999 782.00 25.88
E 0.025 9.98 11.58
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4 1] S W A H R Bl i SR S A L R B R e A, B A AR AR TR R O B AR, A
TN, PR 2T (] O Y AR S AR AR AT IH A T 22, BoAR SCI $F PGA,
PGV 1 PGD A BFFE 4R AR . Riddell (2007) K5 45 A5 73 o4 il BEAH OG5 J3 AR 5 2 DA e A2 4% A8
AL =, A SO I = A8 BR 43 AR X =R R AR S B R AR
2.3 IRERSH
TR T K S50 EDP J& H K 4 iR 25 1) b 7 g 07 S i 3 1) 2880, 7R TR RE i b R TR T
Forp, EDP RO AR M ERME 2 OCE B X T B A5 K, iR RIZRIAR L | A
K JZ 18] i & 25 EDP #% ) 32 W FH (Luco, Cornell, 2007; Padgett et al, 2008; Yang et al, 2009) .
&L % R 2549 1 EDP B 1y v K% —br i, 20
o . " WFIE P55 1 & Fh & FF 1Y 45 4 #b 52 we 7 5 47 3 &5
e IS (Aneral, 1997; Liveral, 2017; $i5

mﬁgm Pm WA, 2020), (B MR 4540 B9 5 K2 2 B w2
B FH . BRI, AR SR R T R 45 R (45 0 2 R

7 m) THUJEE Al Ak Xof 17 375 Ml 1) e KK S L8 25 4
Wb EDP, TR UE 4544 T A 21 R A9 BE 2, 4

B3 TR RS EURER 3 FT s . PRl 5 0 14 e 3 32 31 & R 37 1 A2 2 1Y
Fig. 3 Schematical diagram of site’s EDP FEil, 1% EDP i £ — i AR PE.
3 RAHE R EiERaYIEmM
3.1 AN

A S T LA A TE 5 R 0 MR SR B AR bR IMO R I R A B ERRE B, RIEERE A IM R,
EDP (W B BUPE R /N, A MR, BURt, AT DATEAS B ARG BE (1% 0 T ek 2D 1 F 550 st iy A b 7% 3
0 57 A B0 A B0 7 I AR 43 BT B9 YO8 (Luco, Cornell, 2007) . Cornell 45 (2002) 45 1 EDP 5 IM 22
] B R RO R, WS B R R, W

InEDP=Ina+hInIM. (1
S B 4 R AT L, AT R a R b R, PR SRAS AR F A R B b o 22 B

[ InEDP,— In(a-IM") 1
i=1

B= — : (2)

i, EDP, 5 AR MU G2 3 T 37 3w B A, IM, A B S5 MR S R bR, n RSB . A
PR AT, gk, WA 4 TR, PGV A SPEE T PGA.
3.2 ELHM

S &4 EDP 5 IM Z (R A AF7E B3 G &R, R 5 IM 52 HIPE A5, 3= W] EDP JL
PN Z % IM S A B sE . SR MR (1) A P Il 5 8 b Sk FI W, b K, i
Bl 5 B 46 b5 A2 AL X EDP By 52 M gt Rk o, BD ST MR EGE . WA b (E KT 0, W) IM Y A2 b XF
EDP JCs2 i . f & 4 7] WL PGA H PGV 1 52 4 5% .
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—6 —6
INEDP= —5.06+0.90lnPGA . INEDP=—4.73+0.87InPGV
p=0.45 £=0.38 .
=71 »=0.90 —71b=087 -
=049 (=043 .
g g
5 -3 5 -8
2 1 2
—9t 9
—10 : : : : : : —10 : : : :
—45 —40 35 30 25 —20 —15 —10 —6 -5 —4 -3 -2 —1
InPGA/g InPGV/ (cmes™)
K 4 fiF2% InEDP 5 R SR BEFE bR InPGA Fl InPGV 14 [0 5 437
Fig. 4 InEDP-InIM regression analysis plots
3.3 HEMH

U A A B S M SR TR IM AT RE 4 IR IR AH B R JE IS AL, TR 4 iR, T AR
PEEMY, PGV WA SMEDL T PGA, 13T 32 FYETE, PGA MISE L T PGV, Sz EZ5 &
2 A RPE NS % (Padgett e al, 2008), %

_B

=2 (3)
Fon, CAEBU/NRIR IM 0% 45 VR8s . A SC LA R PR AR D9 TM A PRA v DU
4 HEER ST

T M S5 A e N A7 45 T TR LA R AR ARTE BT DR B M GR AR R L. AR SO R
TH 57 24 23 6] T2 21 25 16 P 28 37 Ml e TR A AR 58, 0 150 24 23 () 37 1l 56 L g b B 0, 2,
5,7, 10, 13, 15, 18, 20, 25, 30, 35, 40, 60 m 25 14 MR FFTHIGT, 3850 235 P45
it R 119 A5 fh il 42
4.1 B IMEREE
4.1.1 HEF=EGHiH

(&5 R 10 437 M i 2% 2 Ve RS IR 1 A8 At 2, aT DLE B 6T 59 U1 AN S b 1,
FrA IR T PGV #28 f 0 IM; X T 55 7] % 3 AH X 38 K 89 4% i 2—10, 73R BT PGA R i
o IM, HERACTR IS PGV S et IM, IR IHAF FE — > BE 2R TR 3G N % 1 IM B PGA #% 42 55 PGV 1
EYTER B . T S A A TR, AR ST R B BRI AR 1 om B SR AE N

FEAE LR e U B4 00 e DX AT g2 P T 3 IR R I, 37 Ml o) 7 A2 5 T i s R,
It PGA e ft IM; Bl 25 HEGR 3G I, 37 dboe) 1 A7 -+ 0K 55 U0 A8 T 45 ), T 3 H 4R 55 1 AR 5
PGV HA M, R R A PGV S i L IM.
4.1.2 HE#*ZFEini

B2 2 73 6] S b ) HE R UM 5 3 50 2 25 Rl S b — B0, K6 b 11— 18 I AL 45 1 Bl 1
WA 4. INIE T LA B b T 57 D1 Bl /Ny 7 b 11, i A HEUR R PGV 3 R s 4
IM; F T 5 U 98 A X 8 K A3 12— 18, R IR I PGA Ny A IM, H IR R PGV
A IM, 777E — > BE 0 R 58 05 A0 IM i1 PGA #5715 )y PGV WU RE T IR B, BLAE 5 1 472k 25 i)
Yy AH )



22 H = 2% Eire 4 5

25 (b 0.48 3 (©) 0.48
0A47>< 047

0.46 2r
050 0.60 0.70

2.0

0.46
3.50 3.75 4.00

1.5

S iNPY
1.0 .
0.5 &5
0 20 40 60 0 20 40 60 0 20 40 60
HEYR /m HEVR/m IR /m
4 5 6
@ 0.48 © 047 ® 0.50
S\ 06 ] . i — 0as ||
4 N
0.44 3r 0.45 0.40
o b 66 68 7.0 S 97 98 99 S 1

0 20 40 60 0 20 40 60
HEVR/m VR /m HEVR/m
6
) 047 o) 048 ® 047
0.46 ———— 0.46 >< 046 ————
4t 4t 4l
0.45 0.44 0.45

= 157 158 159 = 180 185 19.0 = 214 216 218
2t 2t 2t
0 20 40 60 0 20 40 60 0 20 40 60
HIYR /m IR /m IR /m
6 @) 0.47
0.46 ><
4+
0.4 —PGA
- 340, 245 250 oy
51 ——PGD
0 20 40 60
R /m

Bl s ¥yspekss i 1—10 thak et ¢RIk R
(a) G 1; (b) T 2; (c) i 3; (d) it 4; (e) L 5; (F) L 6; ()3 7; (h) itk 8 5 (D) L 9; () itk 10
Fig. 5 The proficiency { varying with burial depth in homogeneous half-space sites 1-10
(a) Site 1; (b) Site 2; (c) Site 3; (d) Site 4; (e) Site 5; (f) Site 6; (g) Site 7; (h) Site 8; (i) Site 9; (j) Site 10

4.2 IMEBENMRESHHEVRIEMNXER
M S FE 6 7T LLE 3, fE¥5) a8 B A 2 S M g b, A TR 3 4 1 e i
IM [ YTIRIEAT . B 7 45 0 T PR3 M 28 380 R e IM 1% 266 9 % 152 1 7 b B D17 387 33 A8 £k 1)
KR, MAEMLENHMEBS TREA.
_ [0.06vs—5.27 (YLD
_{0.06v5—9.00 (R k22 )
VRN M B 2 v B H 5 #R, b ORI IR B, ve i b B ) 1k i
ME 7T LER, RO IM BFEITIRE S5 5 oy U] ol s i W AF A et &2, ALl
] = 7 R T35 B U1 3 3K T 100 m/s 1Y 34 5 24 23 8] 37 b DL BAS SO B i )2 > 25 18] 3 b

(4



14 XA T M T 45 A B B I b 7 Bl I A A AR TR b ML AR 23

R/ m R /m R /m

——PGA
—PGV
—PGD

HRVR/m R /m
Ko Uz 11—18 sk M CREMARAL LA
(a) s 115 (b) il 12; (o) it 13; (d) Bk 14; (e) ik 15; () Bk 165 (@) Hidth 175 (h) ikt 18

Fig. 6 The proficiency { varying with burial depth in layered half-space sites 11-18
(a) Site 11; (b) Site 12; (¢) Site 13; (d) Site 14; (e) Site 15; (f) Site 16; (g) Site 17; (h) Site 18

B A IM B T IR . N R AT A, B2 T
e 23 (] 3 b A LS LT RZ 2 A5 (A 3 o o R
Mo, X AT RESE B T U= R A R ST R e M
BRI B, XA T IR =107
5 i Sl
K 3CHE T A PEER #3 HHG 5 b 72 3 il
ST T EERA HCPE D527 51859 2 5 s . 1R A
242 ] 5 M ) B A KPS 2 T WA (nes)
AR PEVEOY TR SV (AR AR (PGAL PGV 7 figh 1M PR IE 5 09 U e 93
PGD) BEHE TR I A2 FL ML, 15 3 DL 4548 Fig. 7 The depth of the transition for optimal IM
1) e M BEHIR AR AL, A5 3 R 8/ varying with shear wave velocity

B IM R 28 PGV RZ BT, BEE B3 In s LA IM B PGA % [a] PGV 19 5%
Priw B . A SCHFSE 3 M 25 10 R 09 576 3 R B 95 B R 0—25 m.

2) A IM Y e 3T R BE 5 37 b 5 D) g SR AF AR 2Rk 0GR L 3450 2 A ) 3 M ) B A R EE 5 [l
H B 2 AT 22 0—1. 1%, 82225 0] 37 b (1) A 22 2. 64%—18.75%.



24 H = S Eire 4 5

AR SCH 7 K 52 8% 224 S EDP, 5 SE0F 5 P R 25 FEORE 25 44 i 15 A S EDP AT 055 T
52 P 37 3 1) 5 5 S PR A AN A RD I G4 25 TEOAS () 119 8 i 2 )5 58 e T 7

2 F X M

MRl 2, 2, SEOENE, FRIR. 2017, HiR2 350 BE 55 bR 55 HE 2R 45 4 i 157 A RH SCPEBIESY [J]. PR 3h 5 il 36(3): 105-112.

ChenJ Y, LiJ, HanJ C, Xu Q. 2017. Correlation between ground motion intensity indexes and seismic responses of frame struc-
tures[J]. Journal of Vibration and Shock, 36(3): 105112 (in Chinese).

BEOGHE, (BN, EWIAE, MWEBE. 2017, B 8.0 9K b 7% 2% B B I8 7% 55 U8 A 5 3% 55 AT (], SRR E RER, 54(2):
9-16.

CuiGY, WuXG, Wang M N, Lin G J. 2017. Earthquake damages and characteristics of highway tunnels in the 8. 0-magnitude
Wenchuan earthquake[J]. Modern Tunnelling Technology, 54(2): 9-16 (in Chinese).

WIET, Rz, FEh, FE. 2017, ANREBEFEAL + 5 b T 45 172 0 7 A2 (R IR (0], TR U S ki,
39(5): 143-148.

Dong ZF, ZhuHY, Cai BZ, Yan C. 2017. Law of internal force changes for understructures in soil site with different depth
under earthquake[J]. Earthquake Resistant Engineering and Retrofitting, 39(5): 143-148 (in Chinese).

WKO5Or, THhsE, U, BB, REK, ZEOVE, EERAM. 2013, T H0E M0 S 1R T KR W45 4 1 He 5 Bl AR A (D]
A KRR CARPBIZER) , 43(1): 203-208.

Geng FF, Ding YL, XieH, LiAQ, SongJY, Li WH, Wang Y Q. 2013. Ground motion intensity indices for long period
structures subjected to near-fault ground motion[J]. Journal of Southeast University ( Natural Science Edition) , 43(1):
203-208 (in Chinese).

R, BURE, D 2011, M0 S5 AL S A A L R0 RE R S AT D). B K TR A A, 31O D - 167172,

LiCQ, QiCZ, LuolJ. 2011. Study of influence of buried depth on seismic response of underground structures[J]. Journal of
Disaster Prevention and Mitigation Engineering, 31(S1): 167172 (in Chinese).

L, RN, R, RFI, FEE. 2014, HUFE S50 B AR AR 40 Hb TR e N A A DG PERIE ST [J]. dR 30 S e, 33(23) .
184-189.

LiXH, LiYX, WuD, XuXL, LiZJ. 2014. Correlation between ground motion intensity and structural seismic response[J].
Journal of Vibration and Shock, 33(23): 184—189 (in Chinese).

SO, RERAE, HST, ARAR BT 2014, 3 TR R 2 A AR 00 B0 M AR S B RE SR B ()], AR ZE MR, 35(2): 15-21.

LuX, LuXZ, YeLP, Li M K. 2014. Development of an improved ground motion intensity measure for super high-rise build-
ings[J]. Journal of Building Structures, 35(2): 15-21 (in Chinese).

TRE. 2016 03707 2 T T 502 50 45 14 0 L3 Al 10 3 72 2 5 BE S 8L (D], KHE: KRR 1-92.

Yu T H. 2016. Ground Motion Intensity Measures for the Evaluation of Effects of Pulse-Type Ground Motions on the Response of
Single-Layer Reticulated Shells[D]. Tianjin: Tianjin University: 1-92 (in Chinese).

T 2002, HbF # AR ZE AL R 4 B IEPURE R 1995 RPN B B IR 0 R [J]. LREBUE, (4): 17-20.

Yu X. 2002. Anti-seismic action should be sufficiently considered in constructing metro: Illumine of the 1995 Hyogoken-Nanbu
earthquake[J]. Earthquake Resistant Engineering, (4): 17-20 (in Chinese).

TWEHE. 2012, 49 5 1R BE 1 HE 48 45 14 11 B 32 b 7R 5 40 5 KU 43 BT [D]. I R I IR RV Tolk K2 61-90.

Yu X H. 2012. Probabilistic Seismic Fragility and Risk Analysis of Reinforced Concrete Frame Structures[D]. Harbin: Harbin
Institute of Technology: 61-90 (in Chinese).

A N B A B R 2 AR, A A B A 5 e M AG 0 A R . 2010, GB 50011—2010 & SHT AR B M
U [S]. bt P RS Tk R AR 18-21.

Ministry of Housing and Urban-Rural Development of the People’s Republic of China, General Administration of Quality Supervi-
sion, Inspection and Quarantine of the People’s Republic of China. 2010. GB 50011-2010 Code for Seismic Design of Build-
ings[S]. Beijing: China Architecture & Building Press: 18-21 (in Chinese).

EE, hgse, Wk, TRAUMT, B, LB 1. 20200 MR SR EE S A0 bk AR A5 R Bl g i A8 AR AR BT (0], A £ TR
4, 42(3): 486-494.,



14 XA T M T 45 A B B I b 7 Bl I A A AR TR b ML AR 25

Zhong Z L, Shen Y Y, Zhen L B, Zhang C M, Zhao M, Du X L. 2020. Ground motion intensity measures and dynamic
response indexes of metro station structures[J]. Chinese Journal of Geotechnical Engineering, 42(3): 486-494 (in
Chinese) .

AobE, B, BRI, WAL, 2019, Z5 R SR 0TS R 68 8] 55 4 AT i RE S B R AR AR B R A S 0 (1], A SUAN A AR,
40(5): 141-148.

Zuo Z X, Li S, Zhai C H, Xie L L. 2019. Influence of structural period elongation on ground motion intensity index in collapse
analysis[J]. Journal of Building Structures, 40(5): 141-148 (in Chinese).

Akkar S, Ozen 0. 2005. Effect of peak ground velocity on deformation demands for SDOF systems[J]. Earthq Eng Struct Dyn,
34(13): 1551-1571.

An X H, Shawky A A, Maekawa K. 1997. The collapse mechanism of a subway station during the great Hanshin earthquake[J].
Cem Concr Compos, 19(3): 241-257.

Bray J D, Rodriguez-Marek A. 2004. Characterization of forward-directivity ground motions in the near-fault region[J]. Soil Dyn
Earthq Eng, 24(11): 815-828.

Chen Z'Y, WeiJ S. 2013. Correlation between ground motion parameters and lining damage indices for mountain tunnels[J]. Nat
Hazards, 65(3): 1683-1702.

Cornell C A, Jalayer F, Hamburger R O, Foutch D A. 2002. Probabilistic basis for 2000 SAC Federal Emergency Management
Agency steel moment frame guidelines[J]. J Struct Eng, 128(4): 526-533.

Davalos H, Miranda E. 2019. Evaluation of bias on the probability of collapse from amplitude scaling using spectral-shape-
matched records[J]. Earthq Eng Struct Dyn, 48(8): 970-986.

FEMA. 2009. Quantification of Building Seismic Performance Factors: FEMA P695[R]. Washington: Federal Emergency
Management Agency: 280-281.

Hashash Y M A, Hook JJ, Schmidt B, Yao J 1 C. 2001. Seismic design and analysis of underground structures[J]. Tunn Undergr
Space Technol, 16(4): 247-293.

LiuT, ChenZY, YuanY, Shao X Y. 2017. Fragility analysis of a subway station structure by incremental dynamic analysis[J].
Adv Struct Eng, 20(7): 1111-1124.

Luco N, Cornell C A. 2007. Structure-specific scalar intensity measures for near-source and ordinary earthquake ground
motions[J]. Earthq Spectra, 23(2): 357-392.

Nau J M, Hall W J. 1984. Scaling methods for earthquake response spectra[J]. J Struct Eng, 110(7): 1533-1548.

Padgett J E, Nielson B G, DesRoches R. 2008. Selection of optimal intensity measures in probabilistic seismic demand models of
highway bridge portfolios[J]. Earthq Eng Struct Dyn, 37(5): 711-725.

Pitilakis K, Tsinidis G, Leanza A, Maugeri M. 2014. Seismic behaviour of circular tunnels accounting for above ground struc-
tures interaction effects[J]. Soil Dyn Earthq Eng, 67: 1-15.

Riddell R. 2007. On ground motion intensity indices[J]. Earthq Spectra, 23(1): 147-173.

Scawthorn C, O’Rourke T D, Blackburn F T. 2006. The 1906 San Francisco earthquake and fire: Enduring lessons for fire protec-
tion and water supply[J]. Earthq Spectra, 22(S2): 135-158.

Wang WL, Wang TT, SulJ, Lin C H, Seng CR, Huang T H. 2001. Assessment of damage in mountain tunnels due to the
Taiwan Chi-Chi earthquake[J]. Tunn Undergr Space Technol, 16(3): 133-150.

Yang CT, XieL L, Li A Q, JiaJ B, Zeng D M. 2019. Ground motion intensity measures for seismically isolated RC tall build-
ings[J]. Soil Dyn Earthq Eng, 125: 105727.

Yang D X, PanJ W, Li G. 2009. Non-structure-specific intensity measure parameters and characteristic period of near-fault

ground motions[J]. Earthq Eng Struct Dyn, 38(11): 1257-1280.



	引言
	1 模型与计算方法
	2 地震动及指标的选取
	2.1 地震动记录的选取
	2.2 地震动强度指标
	2.3 工程需求参数

	3 最优地震动强度指标的评价
	3.1 有效性
	3.2 实用性
	3.3 效益性

	4 计算结果与讨论
	4.1 最优IM转折位置
	4.1.1 均匀半空间场地
	4.1.2 成层半空间场地

	4.2 IM转折深度与场地剪切波速的关系

	5 结论

