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Dynamic response solutions of unsaturated soil foundation using soil-water
characteristic curve considering deformation effects
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Abstract: To investigate the dynamic response of unsaturated soils under moving loads, a new soil-water characteristic curve
(SWCC) model is established considering the deformation caused by applied load based on the traditional V-G SWCC model.
Using this modified SWCC model, a dynamic governing equation for unsaturated soils, which fully describes the water-force
coupling effects of unsaturated soils under dynamic loading, is derived. The governing equation is solved using the
2.5-dimensional finite element method (2.5D FEM). The obtained solutions are compared with the analytical ones for
single-phase medium, double-phase saturated medium and three-phase unsaturated medium, respectively, which all confirm the
accuracy of the proposed solution method. The computational time analysis for different medium models demonstrate that the
2.5D FEM is an advantageous algorithm for solving the dynamic problems of porous media. The numerical analysis reveals that
using the traditional SWCC without considering the deformation will underestimate the vibration intensity of unsaturated
foundations.
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Fig. 1 Relationship between saturation and void ratio
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Table 1 Parameters of single-phase elastic medium!'?!

KJ/GPa Kw/GPa KJkPa  G/MPa v n pdkgm?)  pulkgm?)  pdkgmd) S
35 2.25 145 25 0.125 0.001 2500 0.001 0.001 0.001
2 WAt E i+ B H
Table 2 Parameters of two-phase saturated medium!”!
KyMPa  KJGPa K/GPa KuskPa G/MPa  V n pdkgmd) pulkgm?) pukgm?) S ko/(ms)
8.77 11 2.25 145 2997.6 0.125 0.3 2500 1000 0.001 1 1x10°
# 3 JElnmihETE S0
Table 3 Parameters of unsaturated medium!'!
KoMPa  KJ/GPa Kw/GPa KJkPa  GJMPa v n pdkg'm?) pul(kg'm?) pa/(kg'm )
8.33 35 2.25 145 3.85 0.35 0.45 2650 1000 1.28
Se Sa nw/(Ns'm?)  5a/(Ns'm?) Swo K/m? Bl(Pa’h) m k o'
0.5, 0.8 0.5, 0.2 0.001 18x107° 0.05 5.3x10 13 1.0x104 0.5 2 10°




% 2 3

Bl S TR TR ) - AKRE i 2K AR A A R B v 8 403

] R A e R PE . B, fr 30N 0.32 mX0.32 m
AR, K/ 30 kN, SN 2 Hz; h¥E+2
B 3, Mt BEUNSEAE KA. BT AR
(B DA SR A DG, DR b Ak () B D)8 A
BEE WA AL AR . Ak, € XS v A
[F) VLR ) AR BT DR, L b AR sat ARERMIFN
&,

K6 AMEL A (0,0,0.5) FEAS )M AN EE FIAS ] 1o
WAL EE TR . I 6 HRTLLE H, TEARIE
FER AT 5 2.5 46 FROTTEA RIURTE T I TH 545
%15 Lo VIR AT RIS R AT

2.2 F1 2.3 W4T T 3 R OB IS0 IE, $
SERAES CA RN S R & —8 ER T 2.5
YA R TG 7 1SR AR 22 FLAY T 20 70 10] R A AERR PE

0.8r

. - = = SCHRI161#bT %
i“‘. === CHRR[16]fAT
0.6} i 25484 FROTHR
[
g ivl “
iy Wb
§ 0.4 i ‘.1\\ 80%
a .’,' W
R i’v’ \\"\
B3 02 I3 =
2+ £ 4 A
/'/‘ .\\T‘ 50%
o [pm— et . R
-10 -5 0 5 10
X/m
(a) 15m/s, chv?35=0.21, c/?5=0.25
3r
- - - SCRRI1 61 AT
. == CRR161F AT
i 2.54E A BRoTA#
i 2.5 47 R oTA#
H
2t 1,
£ it
£ I
R i ‘,\80%
& I
B 1+ iy
b i
ho1
A 1T 50%
o s S s
-10 -5 0 5 10

X/m
(b) 60 m/s, cH05=0.85, chd5=1.01

6 FETEFNMEIGIE

Fig. 6 Verification of three-phase unsaturated medium
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