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Inertia force-displacement method for seismic analysis of shallow buried
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Abstract: As for the existing practical methods for seismic analysis of underground structures, including seismic coefficient
method, free-field racking deformation method, flexible coefficient method, response displacement method, response
acceleration method and Pushover analysis method, the inertia force of overburden backfilled soil or overburden soil which has
shear failure under the vertical ground motion is not considered. The recent researches show that the vertical inertia force of
overburden soil has important influence on the seismic performances (shear strength and ultimate deformation) of support
components for shallow buried underground structures. And it is also one of the critical factors in the seismic safety evaluation
of shallow buried underground structures, which cannot be ignored. A response displacement method is proposed for seismic
analysis of shallow buried underground structures considering the vertical inertia force of overburden soil, called inertia
force-displacement method for short. The determination methods for two critical parameters are given, including the foundation
spring coefficient and the maximum vertical inertia force of overburden soil layer. The analysis results of engineering projects
show that the inertia force-displacement method overcomes the defect of the classical response displacement methods which
cannot calculate the axial force of the center column, and the other results have a similar calculation accuracy compared with
those of the classical response displacement methods.
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Fig. 1 Damage of Daikai subway station
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Fig. 2 Mechanial model for response displacement method
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Fig. 3 Mechanial model for inertia force-displacement method

B, FEAL G SOSARVET FBEA b, &5
SRS TRAR A R 4 AN B DI, [R5 P& BT DI 5
8 A A DA R T S5 R A By A B e R A R AR
ey, R AR AR TS, AR
BN 3 fos. fESERrR e, 4t B8 kiR
R B 1 3 A I 20| R A TR AR Ak = 2 e KK
FEXT AR A B 2RI REAS— B, L5 S8 T
G KA B AN ) Mt o A 2 LR AT TR AR AL B . 1% 5
AT UG, SEGRMARZEMLE, 2R A
PRI T H Bk 2 sl S5 L R SR FE SR R T
80 71 IR SR AE .
1.2 XBRSEHZE

XTI RSN, ASCHR S B )AL o i
ARSI AN 5 R 78 S5 R THUHIS ) s 4 580 38 55 B ) 3 5 )

WIS R B, 17 5 B0 5 454 S L 7 LR B ) i RE
T EAE R ATRE S AR B K B B 1y BRItz 4h,
L 4% 5% 10 B RT 4 5 I SN B8 1k 1 2t 7 435 4
Fo R, AR R EEIR A S VR SR SR AR T
FIT AR TR (0 P AN S B 2 B s i

(1) MRS ER NI B R AL

TER 8 M BE 3 I B R JT, A5 A 78 1 R
SR 1 Ak oA AR 2 AR ELAE A, RIA
N BB EEAENESENRHLE, WE4FTR . REZ
TR 58 R DAL RSIEE T 25, B 5% %
G LR VSR A B I B 1 S, RIDSR R
A BRIt iEN,

A A
¥ ¥
L i P T
<! gl < 1 LS
I ] T e

Y SH "‘"—A—'"

v y

A A

v v
L i b

< | q TN ! LN

1 T:‘s |4>4>‘]4> 4’:
I_____; _____ R N (R P oy ﬁ"?)‘ _____

4 RN BSITERRZBITERE
Fig. 4 Model for foundation spring coefficient of inertia
force-displacement method
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Fig. 5 Model for vertical peak acceleration of overburden soil
layer
1.3 SKieLER

MASHAE 37 25 (4 77 A AR T R, 1207 15 ) S it
PR GEG RN AL, HbA R, H
FAA S BRI F -

(1) KA B 7K 1R SN o R I AF R AL
FEFSHAKEOL, EERAZEJTiEXT H Hiz i A #E AT /K1
MR TR — 4L R BT, SRR E
bt B B AR AR T . R BT R A R KPR
JEo

(2 SRAAGE K)o Rl Jts 530 8 DI B2 2R . R AP B
[ — 2 R R S B 73 AT T A4 ) Ao R vk
TENMANSEL, FLEAFTR A BRTRY, SKARS5
] ]t S ) O 2 R

(3D SRAfEH T 8 S He B8 AR R B g o %)
H IR AT B ey A R A — 4 2 M S B
IR, SRARZERE S I 178 Ak vt 7 B A s K ek i
SR, R AT SRR B B R T

(4) ARV L AEE DA i . 514 3
s BB L D —Br A oy i R A2 4% 1, 11, 11
SE FR G ) Jo) B M 38 DL R b R A 8, HEAT 0T H B

2 S5 AR
2.1 HEERES52¥
NI AE BT P F7 A B 20k 5 FEAE R R b R 45

FAI ML RE IS A3 BT ) A BRI RN VTSRS 5, 48 s B
FE RT3 R AR LB, 2 X 1995 4= R A 1 72 i
B 7 E RN KT ZE sl AT S8 o3, HE s iR Wi
Wik 6 Fizw.

o1 74 i 74 97

[ 1] [
g ‘ YA ',.r, = M ' R 2y _

: ios B
N 4._.‘ =~
a % 04x1 e
gt [
3 T e L T STt

.7 76 0.4 76 0.

17
RPHfz: m

6 RFFZEub AR E ]
Fig. 6 Standard cross-section of Daikai subway station
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Table 1 Physical properties of soils
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Z /m /(tm”)  /(m-s)
1 HA 0~1.0 1.9 140 0.333
2 -t 1.0~5.1 1.9 140 0.488
3 wt 5.1~8.3 1.9 170 0.493
4 #Ht  83~114 1.9 190 0.494
5 it 11.4~172 1.9 240 0.490
6 fib 17.2~39.2 2.0 330 0.487
7 HA >39.2 2.1 500 0.470
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Fig. 7 Constitutive curves of sand and clay
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Table 2 Comparison of foundation moduli by different models (106 N/m?)
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Table 3 Comparison of calculated results by different methods
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Table 4 Comparison of calculated results by different methods
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Fig. 12 Model for vibration method
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