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Comparison Study of Total Stress and Effective Stress Analyses for Seismic

Response of Pile Group Foundation in Liquefiable Soil
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Abstract: Seismic responses of pile group may be varies significantly when adopting different con-
stitutive models to describe the liquefiable soils. Based on the modified Davidenkov constitutive
model and the strain-based Byrne pore pressure increment model, comparison of total stress and
effective stress analysis for seismic responses of the pile group foundation in liquefiable soil was
performed. The results show that soil outside the pile group is higher liquefaction potential, soil
in free field is low liquefaction potential, and soil within the pile group is lowest liquefaction po-
tential. Compared with the results of total stress analyses, the surface acceleration response spec-
tra of effective stress analyses presents the characteristics of low frequency amplification and high
frequency wave-filtering, and the predominant periods of spectra move toward long periods;in ad-

dition, the bending moments of the piles along the depth are slightly larger.
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Table 1 Soil parameters of Byrne pore pressure incremental model and Davidenkov hysteretic model
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m  (kNem™®) (me+s ") A 2By, /(X10°Y) G C,
1 D  FH % AR R 5 18.8 136.2 1.25 0.83 3. 80 0.43 0.92
2 4iwb, rh % R A 5 19.4 147.5 1.25 0.75 3. 80 0. 40 1. 00
3 WRb, Hh % 5 19.4 159.7 1.30 0.75 3. 80 0.38 1.05
4 DA N R WO 10 19.9 175.1 1.21 0.73 4,00 0.32 1.25
5 AL, 2 5 A 10. 4 20.3 237.7 1.21 0. 80 4,00 0.11 3.50
6 YD 2 52 AR 8.2 20. 5 314. 6 1.23 0.80 4,00 0.09 4,63
7 LR %558 i 5.8 21.5 300.0 1.25 0.76 5. 00 0.09 4.34
8 bk, %5 52, A 10.6 20. 8 349.5 1.20 0.80 4. 80 0.08 5.06
9 WD % 52, A A 11.6 22.0 342.1 1. 20 0.72 5.00 0.06 6.27
10 R = i T | 11.8 20. 4 340.7 1.25 0.76 5. 00 — —
11 WE L 9.6 18.4 351.7 1.25 0.73 5. 00 — —
12 WHhL A9 — R 15.2 21.1 534.7 1.30 0.70 6.30 — —
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Table 2 Parameters of pile cap and pile group

B ET SR
it/ kg 3.334842X10°
o %fi/(llg; m~ %) 2.5X10°
LA R/ Pa 9x 10"
TP L 0.33
A% /m 1. 25
B/ (kg e m *) 2.5X10°
i3 A .
FPERL L /Pa 3.25X 10"
NEE /R 0.33

1.3 WAMBEHRRBIERE

A Hb R Bh v BURE 50N T3 A Kobe i, FR4:
BFIR] A 30 s, WA Jin ok J32 43 R 4% Ok 0. 05 g, 0.1 g
F10. 15 g, i A Hi = 3l #9 fin o s A ph 2k R g B it
TR 3 FTR .

AR R e k1T 3 W B0 B Ry 1 3 - A i
TN R 5 25 K9 E47 8 1 50 87, IF 3845 IR 40
R SRS WIS S = LA W SN Ok Y (SO R IR GRIN
BB IR h (R  7E 45 0 1R &R R K O )
BETPN: S5

2 HEERSXESH

2.1 iphihE RN ST

S 7 AT RN 73k TR M 3 RURERE A4 36 1
D7 i HH 6 SR 4 a0 R R AN RS L 4 BT Y LU A
RRTTIA R . T ISR RR X RR Y S g A
A 110 25 6 43 T 1Y 00 o BLERCA 2 3 ik B 06 AT 0 b, LK
(A B G 5 LA R AR 2l g B 4y B A B 4 B
7N

Bl 5 25 T S b JE A 5 it R 37 b B 5 AL
JE LU BE TR AR A 2R . B LU HE SR AL
B /K R 75500 0 A 5% R TR 4 LR, 2408 ALK He ik
1 A RSk, RS AT, T F
b 5 - 1 L B B YA B ) 1 i s 0 o A A1
) G TET T B3 7 b 35 55 5 WAk A el 3 Gl in TID
B 3/ 1 2t BE VR 2 BEE DY b G T D e R 5 Ak
B 5 i A b 7R 2h 5 B A B 5 A R 3 GRUTET TTD b 3
F14) 768 L LL B R L O 5 R B A R TD B
AR E WAL XS . 7E PGA=0. 15g EF 5T A\ T
1 Kobe VBT« BEAE PN GRITET 1D 3 35 {5 AE b 32 Bt
e AR . 33X I TR 9 A R 2% S

%37 %
021
0.1
=
*g 0.0
B
-0.1
_0.2 1 1 1 1 1 J
0 5 10 15 20 25 30
i 1) /s
0.12
\;9 0.09
N
g 0.06
HE
= 0.03
2
4
0.00 . L H—4 . y !
0 5 10 15 20 25
$iE /Hz
(a) PSR AT
02
0.1
2 00
=
bl
g -01F
202 ! ! ! ! y
0 5 10 15 20 25 30
i1 /s
0.12
\é“ 0.09
~N
m
= 006
=
=
2 003
&
0.00 . L L e
0 3 6 9 12 15
$ii# /Hz
(b) Kobe%
&3 far A M= Bl f i o JRE ) R AR L g
Fig. 3 Acceleration time-histories and Fourier spec-
tra of bedrock ground records
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Table 3 The maximum moments of group piles computed by total stress and effective stress methods
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