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Abstract: The closed-form analytical solution for the effect of foundation flexibility on system re-
sponse amplitude and system frequency of dynamic soil-structure interaction is presented. The
wave function expansion method through a two-dimensional (2D) out-of-plane model, in which a
single-degree-of-freedom (SDOF) system is supported by a semi-circular rigid-flexible composite
foundation embedded into a homogeneous half-space subjected to plane SH waves, is used. The
accuracy of the analytical solution is verified by comparing the results of the rigid foundation-SD-
OF model with the results of the flexible foundation-SDOF model. The numerical results are also
performed and analyzed. It is shown that foundation flexibility has a strong effect on the system
amplitude and system frequency. The analysis shows the dynamic response of the foundation and
the relative response of the superstructure are very different to that of the rigid foundation re-
sults, especially for the case of small shear-velocity of the flexible layer and the small size of the

rigid core. The displacement of the rigid core is always larger than that of the rigid foundation.

O YR HEH:2016-04-14
HE2WB BHE AR #IEETH (51378348,51578372)
TEEB T REC965—) . B i+ H, FENFHE TRMIT. E-mail:liang@tju.edu.cn.



800 WO TR ¥

Moreover, the rigid foundation assumption cannot provide the correct deformation of the struc-
ture near the base in the actual soil-structure interaction. The peak of the relative response of the
superstructure is also always smaller than that of the rigid foundation, which means the rigid
foundation may overestimate the effects of scattering of incident waves and the effective input
motion of the foundation. The flexibility of the foundation also significantly affects the system
frequency. When considering the flexibility in the analysis, the system frequency defined by the
peak of the relative response of the superstructure will shift toward lower frequencies compared
with that of the rigid foundation, and the amount of shift is highly dependent on the foundation
flexibility. The larger the foundation flexibility, the larger the shift value is. The largest shift val-
ue can reach 38.9% of the rigid foundation system frequency.

Key words: foundation flexibility; system response; system frequency; composite foundation; dy-

2017 4

namic soil-structure interaction (SSI); wave function expansion method; plane SH

waves

0 3§

25K I A HAE ] — B AR R TR
U A TR, AE SR R Y 25 8 Bl ) A HAR
FHH, HEfl Y 2 PR CRP RS REAS ) AR I B 1y, X —
SR E AR Z 3 5 RO I I UE S SRy s AT
FHEEAL TR T — RIS

TR FE 0 4 Y S 2 e LAk BE T pR B
53RN 140 A5 A W G 5, (EL K BE A 5 R FH A 3
AR Hb e Bl I A 2 8 T B A S E AR L B
Yo 5 Ko KL Tl 32 M b b 45 R B0 i R A RS, SC
BRL9-10 1 e i A 33X — o, I P e T IR A B B9
TAE IR, % I RE 2 5, 58 0 S Al Y B35
G5 KR 1 JC B R 23 B LG 4 W R Ak A T A 45 R T
KIAETE . SCERL 1145 1 T 8 & 26l 157 I3 3 7)
M) 7 P i AT A o 5 55 4 W i k- BT g 855 g A A
HEAT T HAE AR R V5 B S At 22 1 X --25 44 3l 1 A B
VE T 2 G e 7 06 {8 5 28 8 A8 (9 510

EA548 1 9 2 Millikan & 45 5 & /9 30 J1 52
I B LA BR AT B O T AR TR A1, B N T I
ANAG A W 5 it 5 OV 7 g B AR 389 &) - A T 2 1) W
FER KA PSR B v, DA— D0 ] B 55 07 5% 29 Y
LR I AR A 9, 25 Y 5 W RE AR, BY g hk 5 BRI
B 3ZE FE A 25 72 A — A 2 R0 T W g DX, DA T e R
Tilt JEC A 1) 2y g e 1o AN (] F 2 JECRI R DS Al 43 BT 19 45
o AT UL 7E -S54 3 07 AH B b % AR
Gt 40 5 LR % 1 A v P DX oGt Rl RN L 2 A B
73 W 18 8 5 e AR R A LY .

AR SCH g 2 23 () R T R R R N 2 A
ilt A BT SR Y, SR U8 PR BSRE T 1R R4S SH i AS
A G AN 1 A5 4 Bl I e R i A e O 2 —

A M Al S X T 52 A AN R A A B o
e L LA K% -5 ) R A 9 2R R 00 5 R R T

1 R

S B WS e ol [ S 2 1 B B R ok )
FEAE ] 4B, o s I b A B A AR AR S A
AR 28 DA, Ly A D7 T8 D T LRI 1) A W SR R
B IERNTE y B0 O7 1 O RAE A . W R B AL R
a » FLPE R P O M B o0 S AR o B KA A
W% Z SN R R eI AR T, 5 T, Z 0D, P2
() 5 OIS g, BT DI PR g B R o 5 S Al
FNEIZA B B DIRE AN o o BT VI N B, o T iE
WEN oo 5 MIRZ R B3 AL oo, (H 5T U] 58 5 59
DIBLE Y N TET5 K., LAl g B0 A, Wy v il
PR N B M, L TG HARIIR Hw, o Wy

@ svorii=
oy, My,

b R
Hos Bos Po

SHik
B1 E-RELSAB-LXEMNDIHAMEIERER
Fig.1 The model of dynamic soil-structure interaction

with rigid-flexible composite foundation
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Fig.5 Relative response of the superstructure
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Table 1 Shift of system frequency corresponding to that rigid foundation in Fig.5
M, Bo b p=1/3 n=1/6 n=1/12

M B a Dot e A/% Dot i 5/% 7ot e A/%
0.25 0.936 9.2 0.499 2.3 0.257 0.8

2 0.50 0.980 1.031 4.9 0.505 0.511 1.2 0.258 0.259 0.4

0.75 1.009 2.1 0.510 0.2 0.258 0.4

0.25 0.987 4.3 0.506 1.0 0.258 0.4

3 0.50 1.008 1.031 2.2 0.509 0.511 0.4 0.258 0.259 0.4

0.75 1.022 0.9 0.510 0.2 0.258 0.4

! 0.25 1.015 1.6 0.509 0.4 0.259 0.0
5 0.50 1.023 1.031 0.8 0.510 0.511 0.2 0.259 0.259 0.0

0.75 1.028 0.3 0.511 0.2 0.259 0.0

0.25 1.031 0.0 0.511 0.0 0.259 0.0

100 0.50 1.031 1.031 0.0 0.511 0.511 0.0 0.259 0.259 0.0

0.75 1.031 0.0 0.511 0.0 0.259 0.0

0.25 0.847 17.7 0.477 4.6 0.253 1.2

2 0.50 0.921 1.029 10.5 0.488 0.500 2.4 0.254 0.256 0.7

0.75 0.980 4.8 0.494 1.2 0.255 0.4

0.25 0.935 9.1 0.489 2.2 0.254 0.8

3 0.50 0.978 1.029 5.0 0.494 0.500 1.2 0.255 0.256 0.4

0.75 1.007 2.1 0.497 0.6 0.255 0.4

2 0.25 0.992 3.6 0.496 0.8 0.255 0.4
5 0.50 1.010 1.029 1.9 0.496 0.500 0.8 0.255 0.256 0.4

0.75 1.021 0.8 0.499 0.2 0.256 0.0

0.25 1.029 0.0 0.500 0.0 0.256 0.0

100 0.50 1.029 1.029 0.0 0.500 0.500 0.0 0.256 0.256 0.0

0.75 1.029 0.0 0.500 0.0 0.256 0.0

0.25 0.709 38.9 0.438 8.0 0.244 2.4

2 0.50 0.823 1.161 29.1 0.456 0.476 4.2 0.247 0.250 1.2

0.75 0.958 17.5 0.467 1.9 0.249 0.4

0.25 0.851 26.7 0.458 3.8 0.247 1.2

3 0.50 0.952 1.161 18.0 0.468 0.476 1.7 0.249 0.250 0.4

0.75 1.055 9.1 0.472 0.8 0.249 0.4

! 0.25 1.001 13.8 0.470 1.3 0.249 0.4
5 0.50 1.068 1.161 8.0 0.473 0.476 0.6 0.249 0.250 0.4

0.75 1.121 3.4 0.475 0.2 0.250 0.0

0.25 1.161 0.0 0.476 0.0 0.250 0.0

100 0.50 1.161 1.161 0.0 0.476 0.476 0.0 0.250 0.250 0.0

0.75 1.161 0.0 0.476 0.0 0.250 0.0
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