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Modified the spring of response displacement method using two-parameter
foundation model

QIU Yanjia, ZHANG Hongru, YU Zhongyang

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract; To obtain a seismic design method for underground structures, which has simple model with higher
accuracy and can better reflect the soil-structure interaction, this paper presents a modified response displacement
method. The two-parameter foundation model was adopted to simplify the soil, which is closer to the soil properties
than the traditional single-parameter foundation model. Based on the force and deformation properties, the two-
parameter computational model was simplified, and the modified response displacement method was obtained,
which considers soil-structure interaction. Compared with the traditional model, the proposed model only modifies
the foundation bed coefficient of normal spring, making it still a simple computational model. In addition, a
numerical model was established to verify the correctness of the modified method and compared with the traditional
response displacement method based on the results of dynamic time-history calculation. Results show that the error
of the modified method could be reduced by half compared with the traditional response displacement method.
Therefore, the proposed method has simple model and high computational accuracy, which can be applied in the
seismic design of underground structures.
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Fig.1 Schematic diagram of response displacement method

XS B A 2 — Tl i Sz It A ] 1 1 %) e A
YRS FHORUS: B b BEASE R it B A% 558 12 1 A7
P RS T I, DA IR A AR ] B AR B .
1.1 NSRBI REEBENRE

HOUL B AW S B B A Filonenko-Boorodich 15
I Hetenyi #A1 1 Pasternak R (R 2). =F%
HFH BB, AR TR M BT, 3 5 I 5 R M AR
RUAH ] AHARBE I T — A~ 55 U S HOR B LAk Z (7]
AR 3 FERIAS B AR R 9, A SCor Btk
SR INGY V12 Pasternak F7.

ARG IE SO (o 1k L5 - 149 -
quy) B at) Bt
SEEPEETEEsEEY
(a) Filonenko-Boorodich#& %4 (b) Hetenyif £l
q(xy Eﬁ)])?
(c) Pasternakﬁﬁ:

2 WEHER

Fig.2  Schematic diagram of two-parameter model
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Fig.3 Schematic diagram of simplified process of spring
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Fig.4  Principle of simplifying two-parameter model

BRI 1 SRR 2 AL A IR, A AT 1.2 B i

I3 F\F,
Fi =K xBxlxw, +2 XK xBxlXxw,+--,(2)
F,=KxBxlxw, +KxBxlxw,+--. (3)

AP K B IR 5 #Y He 2 6 PR R 50 1 O TR 40 3 Y
[E)F s B it BT GE R, 4B T m.

HIRERL 1.2 e[ )2 ) F F, MH5545

K, xw, +2 xK, Xxw, +2 XK, Xw; + -
K= . (4)
w, +w, +w; +

B0l SR 2 N w6 | /s W T

et i 15

+0o0

K, x2 x |wxe’dy
I 2K,

T (et

K = (5)

L
fw x e 'dy

P LR 2 f i, RV AR v
AR FH DA 9 5 o 1 At 7 85 P PR AR K 1
AW

K, x2 x fw x e 'dy
2K,

2 _ efu _ ef(Lfa) )'

0
K =5 L—a = (
Jw x e + fw x e "dy

-a 0

(6)

A a NWIBIE S B RARA R B A

F TS5 AR A 14 5D J38 38 R T IS R A
DYZ BTUINIEE 763155 nl 20 S AR 39 U2 (9 4
AR RME IE 5 AR SN 1] F B AT (ULIA] 3 57
C) B IERR 5 M Ge R R LU R 1 X 58 38 28 B AT
TEIE AL —4.
1.2 WSHEBENEREXRBHWES E

M(6) AT LLE Y, 1B IE LR R 5L K 2 S HL
R A RE PR 2R 2 K, 1 pRR, K, A A2 T2 1B IE A

T E 2L — 2. o SRR e A R ey 2
BRI R R 220 52 01 RS B 53 A1, A
SRR - AR R Y 52 RS IE .

VR, KLY AT P 8 B B 58 3 1 3 1 7 7%
Ferp O RGHA B S 2 iR A BROCTT i, AR
K, B9 5E D5 5L T2 0705 A ROGTH A il 2
ISR R AL K, AT

K =L (7)

Ao p AR AR L AL G 4 32 1] T 5 L 0 R JEE AR
AR 0] A2 TP B 2 (.

PRI S BRI | 52 1 5 A BROGIT 345 21
HATE, B

} 2K, x xd
—a =(L—-a x a
1 (2-e"~e b=y
p = 7 - (8)

A= (7) F1(8) 1%
KL
K, = : (9)

2
l (2 -e™ - ef<L7“))da

F(9) AR ST WS BT e 4 B IR R 4K
K, BB A B AR A (6) it BEAS 2 s 7
FE AR 247 B A8 1E 3 R R 4L
1.3 fEIEERRMARENITEITIE

1 IE WA RS 1 15 ok 7 5 A 495 S g 5 A v
AAHHIE, 430 3 0 1) FH] SHAKE9D EERA'™ 45
AT N AT A5 B G507 B b + )2 AT 55 )
FIUINTHRE 52 ) SR fife 455 760 (1 590 38 22 . A5 A8 ) 55 1) 54
FEE R R A BRI YA T, ¥ ) 5L )
FIASSCHEIE Ty 55 3) e Sy AL AR I i Jon 5 3% 1
bR fr 2. R TR RS Al 355 B 7 LA K A5 R AR R T
(AN T3 1% 5 45 0 S 0 A5 B8 3 A [R). 335 7y £ 2 A8
TV AT B4 il A A D 565 1) 325 5 45 4 — 0], i W] A
16 B A8 T 36 L& TE 5 i 3 2R 55005 3 10 45
7.

2 BIER N e Ieir

U A AETIWE S e i T R o B e P L
Re M7 i Rk s 1 3 M 05 i (L& ROV R 35 )
PIZE, e gl IR Oy 12 SR A N T R R
B A v o — 45 K 04 8l 0 A A B e A T ik
HCRBAE VI 7R S VA A A I 2 S5 46 1 PN ) AR
TN, TG R . O TSR IEA SR Y BB IE T ik
TR R s TAE GO AL RS 1%, LA Sl ) IR A 75
S5 HEHEXT LRy k.




55

ERIAE, 25, A F RS B AR ARG 11 7 N A RS vk i 3 - 151 -

2.1 ZFEihEH

AR T 81y B2 FOUZ B8 42 5 25 B 18 1
D7 IE R, G B Al O LR XU A5 A,
GLE 12 m, RN 6.2 m WUZ A0l A WUZ =545
Ha), SEE D 20.3 m, =R 124 m, BAREGF{FR)
LS.

A C
0.7 e
07 53 I 53 0]
| 12 |
[ —
- - |
A [1C ]
wv
- - - “— 3 <
<
0.7 "
B e}
\E i /_\D 2\ i A | o
07 65 N 5 n 6.5 o
L 20.4 .

BS TEERRETE (#A.m)

Fig.5 Sectional drawing of calculation model (unit; m)
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Fig. 6 Dynamic time-history model of single-layer structures
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Fig. 7 Relation between shear strain, shear modulus, and
damping ratio
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Tab.1 Parameters of viscoelastic artificial boundary
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Fig.8 Original seismic waves and spectrum analysis
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Finite element method for calculating foundation bed
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Tab.2 Traditional and modified foundation bed coefficients
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Tab.4 Calculation results of different depths using three methods
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Fig. 10 ~ Comparison of errors between traditional and modified
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Fig. 12 Comparison of errors between traditional and modified
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Fig. 11 Comparison of errors between traditional and modified
methods for soil with different shear wave velocities
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Fig. 13 Comparison of errors between traditional and modified

methods for double-layer structures
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Fig. 14  Comparison of errors between traditional and modified
methods for Beijing artificial wave as input wave
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