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Fig. 1 Classification pattern of underground space based on the spatial distribution of underground space and active faults
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Fig. 3 Statistical distribution diagram of seismic peak acceleration—depth—earthquake damage ( from Sharma et al., 1991)
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S R A 3k — 191 v A5 52 R A b R e e P 8K
N,
4.2 JtFEHIX

R R R K L R X i M 5 T AL B A
DX, ML AR SR AR TR T I RIABE 11 1 72 b 55 18 2 70 b
BRP PRI SF WS T AR (BB 655 ,2002) , dEatih
RUE o ol A D T A Rl |21 K N 2 A U i
X, ZIEFEHRE T 6 KU b, ALk Rk
ZL(EHE, 20165 R B HH 5, 2016) , AR SCHETHTA
WFSE TAERGR B b 5 M X 5 225 e B
KL GE PR—A L AL 2 BT 5 | et —iE LR
B AR TR AE M XU PR R T2, R SCRIFSR 13X
ST S 3 L P b 2 ] ) b R 2 A
4.2.1 EHEHTZEMELESMETN

(1) by, B2 dun R IX — 4
G S (B RE, 1997 ; i 2 AR S 2008) , T
o WA 1S B F BT AU T HB X R K 8. 0 R —
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T2 5% (B B, 1997) , & 1% Hb X K Sk W 1
RS S KIS ST Z . B ARy o IE W20 A
—EMATATAE T i, 0 R AR, R A 720, AR R
RIEZEPTE 5~25 km ( HAEF-5,2014) , M m;
K EEAMET 30 km (B EMH5E,2010) . FJEFL
TR 28 BB A, L 40 m BRE HB R 23 (BRI
WRE, ARIEA (1), 531520 09 b R nk A%
95.8%, MLFRWEHSHOW TR SR, R AP EK
Bili it g s G 1 E BHE HEAT A BT (3R 2) (EERE,
2016) ,IIELERS IR 4, IINTARE T Ho i =
a e N Rl B S O s A Vi A L0
m, &R 15 m (TR 1555, 2016,2018) , fin b
PR L RE 96. 7 m, SV Bl S8 BE A 141. 7 m,

(2) JEPR—HRLLL e Jb R T 28 S pR—AHL 1L 2%
b2k, SAAGE AU A 2R M B AR, S SE PR —
Pk 7 b i LAY ZE M S S L WA R
DA A T 5 B I B Bh (1B R, 1997) , A
TR AT AR = oty s B =, Dy s B KR )

%71484@6%2&1&%%(2&2011)@ R 2 L

R RIRRE N 6~30 km (R85 ,2002) .

MRPEA (1), 7545 2] 0 b 2% w2 %
41. 8%, WERBEHSEWITE SRS, R E K
Rl iy S g ih FodE AT o A (3R 2) (B E,
2016) IR SR 4, IIMTHRE T 1o i = 4
BT B R A Bk IR . 4 = D R L 30
m, T &L 15 m(IRB 65 ,2018) , I R Aty 5
FE 18.2 m, SR P FE BN R 63.2 m,

(3) Fasli—im HL b, e sti—im B W R B AR
IEW, BRI AR, s LR B &5 L R
A, A 2= AL s — R A, K 110 km,
W St 1) L PG S5 T 2l = 4 e A A G TR
WM 5R4E,2012) , s e KRR K R 1536 4 Al
1665 419 6.5 Mg (X H ,2011) , #R4EJr Stfe K
RN 0.5 #E HR Y LA 7.0 9%, LB s HER
FEBIHLERZY 75~95 m( B0R4F,2012) , dtaiTiid
25 )T LA, LA 40 m B2 M 28 (W) R RS . #
FE W7 S R 2 ]I 35~55 m,

RIGA (1), B4 ) 5 b 2 o 2R
8% ., ML RMASEITE R T 2R b KRty
D s ge it s #E AT 0 B (3 2) (BE#EREL, 2016) L 1T
BRSO 4, WNTHHE T H i = d e %
JEI A PR R B . A E DIk LE 30 m, T Ak
ik 15 m(48 45 ,2016,2018) , i B RS 90 i 13

m, SR 58 RE N 58 m,
4.2.2 ItRMXIZEEHEMTZEMEREME

AR 752 B WA (T 88 I 72 3 22 [) YR I R R
Sharma 2 (1992) #4517 X 18] 2 80% FiI 90% ) &
fRMhZk, HATH#h R —Bod Y STz i £ % i 50
AR 109 A 3R SR I 3L E | AL BT X 50
AR 109 31 S I (E N 5 445 0. 1 ¢,0. 15
2,0.2 g F=AF X (K H,2011) , #HEFER
K3 v, WEEANEEE N 0. 10~0. 15 g IR 28 5
VRTEAE T WL Z4HE RN 80% ~ 90% 1 X a] 115 [l Bt 3kt
M7 0. 2 g Xof 7 Ay b 52 fes B 1 1 25 48 v, 7E 10~ 100 m
YO R N i A 3 O i R R S, T S R
23 6] BB BB

F4 TR =R EFEMHRT IR RER THNE

MWRBHRSH
Table 4 Surface rupture parameters of three

major fault zones in Beijing

mon | perets RN (m)| gemes | dden

EBR [BEEE(m)| ko | ey | KB (km) | MR
sl 8.5 | 96.7 | 10.1 | 4.8 256.7 |95.8%
SER— Bl 725 | 182 | 2.5 | 1.44 | 2756 |41.8%
Jesgmigl ‘ : ‘ ‘ ' o
Ms—EEK 7.0 13 1.89 | 1.13 17.64 | 8.0%
:,:\
5 énl/ﬁ

I T V2 2 B T s T 3 R 22 A A A
AR T 25 6] 5 75 S = 4 A SC AR | T LR
G S 15 W T 4 )R S 2 3 T A5 ] T
ReIE B, &2 A RS Bl | U 2 R T 7
N, RREZE LS Z AR 7 SRR T fE
FAEHIRI . (E MR A IR R A, G
E W= AR RE A S L | W T (L8 | BB I B AS A
ST Z HOBEFE  F5 B e g 1 SRR /Y A=
WA, X T HAT AR SE R ML R 2 | B 5 Bk — 2P
BEMRA R SR, UG S B R TR U=
Sk,

IR 15 B8 RN W7 528015 7 3 S Ml T 4l 2 B
MR TR, X TR T L T A R S R R
(14 b TR it , it T A v R BRI 4 i Bl i it
SVRBER SERE D 51,7 mo T AL DY i 4 3k 3 — L T
W SR DU RF RS B Ry 2 4, T L2 220 [) 5 b 2 A 20
EESTAYING I B U JZ M DX 3l b s A] A 2
Mk SRECNIEH

AUHHLIX R H ¢ S PR— AL AL SR 2R
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A BB 2 B A R A R R S R, Ak e
BIH T TARRAGEETE , X T BE 18 RN M T 45 AR 4 % 2L 1S
W2 At I, A it T R P e R R B
it B AW LT BB 8 R 141, 7 m, FER—ARL 1L
Z A % B 244 B 5 B R 63. 2 m, g Al—i JL Wy
SUHPURZ BT TERE 58 m,, I B W) A M X Jb T
[X. 50 4F 8 M 5 109 14 b 72 20 06 15 0 5 2
0.15~0. 10 g [ HL DX 1T 25 [7] H 7% &8 e M4 5 5 50
AP SR R 109 1) b RE S (A MR R 0.2 ¢ 1Y
b IX 75 T A T 4 [ i 7R 22 B R i

TS o B SR P SR, AR SCHR Y 1 7R 4 4 P
W BEILFGIT2E 0, T R s () ) B R A
HERAE T % [AEERN TR AR Sa
FEA B RRIRE | T LA S5 1 A b DX 0 2% 7 1 R Al
R AR AN AT T AR
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Seismic hazard assessment of urban underground space
based on seismic hazard statistics

WANG Qiangmao'*” , LI Hailong" , LI Tingdong" , YIN Qihang"” , WANG Yiwen’’, FAN Yanxia"
1) Chinese Academy of Geological Sciences, Betjing, 100037
2) School of Earth and Space Sciences, Peking University, Beijing, 100871 ;
3) School of Geomatics and Prospecting Engineering, Jilin Jianzhu University, Changchun, Jilin, 130118

Objectives: Earthquake security of buildings should be firstly considered in the urban planning and the
process of urban construction. The methods of seismic safety assessment of China mainly focus on surface buildings.
However, the study on the earthquake security of underground space is weak, which cannot meet the raising
demands for underground space. Active faults are the direct factor of earthquakes and the main cause of buildings
damages. As underground spaces whether intersect faults or not, it was divided into cross—fault underground space
and far from fault underground space.

Methods: This paper reviewed the analytical methods of the seismic hazard assessment of underground space
destruction by active fault and summarized the evaluation methods about how seismogenic faults affect underground
space in adjacent areas, based on the relationship among coseismic surface rupture, peak acceleration of
earthquake, seismic intensity and the focal depth.

Results; This paper summarized the method of Seismic hazard assessment of urban underground space based

on seismic hazard statistics based on literature review and Shenzhen and Beijing were choosen as examples to show
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how the method is applied.

Conclusions: This paper offered a method based on seismic hazard statistics for studying the seismic hazard

assessment of urban underground. And we must stress that this method is based on statistics data. To get a precise

evalution, much more researches should be done.
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