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Generalized shear strain-based model for development of excess pore water
pressure in saturated sand under anisotropic consolidation

ZHAOQ Futang, WU Qixin, ZHENG Junjie, ZHENG Yewei
(School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract: The development pattern of the excess pore water pressure in saturated sand under anisotropic consolidation
conditions is crucial for understanding the liquefaction behavior of sand. In this study, a series of torsional shear tests are
conducted using the hollow-cylinder torsional apparatus to examine the influences of the initial consolidation conditions (initial
mean effective stress po and consolidation stress ratio K) and cyclic loading conditions (cyclic stress ratio, CSR) on the
development patterns of the generalized shear strain (yg) and excess pore water pressure ratio (7u) in saturated sand. The
experimental results indicate that the sands under anisotropic consolidation exhibit three failure modes: cyclic mobility, cyclic
liquefaction and residual cumulative deformation. The normalized »u can be correlated with y; for all the three failure modes. A
prediction model for the excess pore pressure is proposed considering the anisotropic consolidation conditions for saturated
sand. The model can reasonably predict the development of pore water pressure under different consolidation stress states.
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Fig. 1 Grain-size distribution curve of Fujian sand
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Table 1 Physical property indexes of Fujian sand

d 50 Cu Gs €max €min

0.35 2.92 2.65 0.73 0.51
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Fig. 2 GDS hollow cylinder torsional shear system
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Table 2 Test programs for cyclic loading of anisotropically consolidated sand
Testno. [RZRE py/kPa K=0,/0;,, CSR=t,/p, | Testno. [EZIRE py/kPa K=o, /0y, CSR=1,/p;
1 AL 100 0.6 0.175 21 AL 200 0.8 0.200
2 AL 100 0.6 0.200 22 HmFEM 200 1.0 0.200
3 AL 100 0.6 0.250 23 HrEEE 200 1.0 0.225
4 AL 100 0.8 0.175 24 HmFEM 200 1.0 0.250
5 AL 100 0.8 0.200 25 45 200 1.5 0.200
6 AL 100 0.8 0.250 26 45 200 1.5 0.2125
7 ZmEME 100 1.0 0.200 27 45 200 1.5 0.250
8 ZmEME 100 1.0 0.250 28 45 200 2.0 0.250
9 ZmEME 100 1.0 0.300 29 45 200 2.0 0.275
10 45 100 1.5 0.250 30 45 200 2.0 0.2875
11 & 45 100 1.5 0.300 31 AL 100 0.6 GHHD
12 45 100 1.5 0.350 32 Firfe 100 0.8 9
13 & 4 100 2.0 0.300 33 FmHFEM 100 1.0 9
14 45 100 2.0 0.350 34 & 4 100 1.5 9
15 45 100 2.0 0.400 35 & 4 100 2.0 9
16 AL 200 0.6 0.1375 36 Firfe 200 0.6 9
17 AL 200 0.6 0.175 37 Firfe 200 0.8 9
18 AL 200 0.6 0.1875 38 HmFEM 200 1.0 9
19 AL 200 0.8 0.150 39 JE 45 200 1.5 29
20 hrfif 200 0.8 0.1875 40 & 4 200 2.0 9
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Fig. 4 Stress paths consolidation and cyclic loading
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anisotropically consolidated sands

3 ETFT NENZHBELETNERE
YRR A G BRI AL R e 52 WA I 45 1 L A
BN, % SRS R R IR 5, DA
iR Ee B S ). Bk, ACSCt i S
25y, G R T [ SRR (AT R

yg=J§[@«—@f+«a—692+w2—a)ﬂ - (1)

Ab: g, &, g lNKR. e AERAE,

12 BoR TANFEE p) « JERRAE CSR 2644
NEFFLUEEIEE Gune) 5 K IR, EE 12
F1, rumax BB K 3G KT SE3E KR 08/0, K=1 B Fuma
K B KB - CSR A py ABALLF- 56 W AH L EE I 52 iR 1R
Mo FEFRGEIRA T AR LAEH InEAR5%, Vaid
SERUSR T BR AR L 5 ] 485 I8 7 L R 06 A 7 5 B 44
R RN, SHERMELRES TSR, A
f£ Vaid FERURTE H A 0 Heml Bk — P @S 7 %8

PLAHANEAEIRE T 1 rumex 5 K M @l IR F

rumalei 1-K X?’_.Sm((pn) 3 (2)
' 1+1.5K  2sin(¢’,)

A @y, N ESOMERRGS A T i 5R 5Y U156
RN A RN EE . EREEREATRTS
“7, BIRFEAL T ARSI “ =7, EARIRAS IR E
i

R A FINMESEA T ARG FLIEE G =rd/
Fumae) 5T XBINAE y, RAFR T 13, KILPIH H
A RFERIRBIRZR, AR K. CSR M py AT K
PEARAN . A 3 T SR AR X i 2k PR R
LXK A -

oy == We (3)
Toor b+;/g

u,max

X a M b AMESHL SRR LR AAR




% 2 3

A, A BT SR [ 1) S VR ] A A R L R SR AR Y 321

X, AdEadi e+ o B 1.06, b HL0.21.

1.0
n
A
0.8
L}
fos
S \
04+ A, ), 1-K Besin(of)
" 1+1.5K  2sin(¢y,)

P (=100 kPa
P (=200 kPa

Q)BT L

0.2 1 1 1 1 1 1 1 1 1
04 06 08 10 12 14 16 18 20 22

K

12 IHEFLELESESER AL X &

Fig. 12 Relationship between peak pore pressure ratio and

consolidation stress ratio

12

1.0+

K=0.6, CSR=0.175 °
o K=0.6, CSR=0.200
o K=0.6, CSR=0.250 ©
v K=0.8,CSR=0.175 ©
© K=0.8, CSR=0.200 *
<4 K=0.8, CSR=0.250

> K=1.0,CSR=0.200 *

08} &

04

K=1.0, CSR=0.250

» K=1.0, CSR=0.300

K=1.5, CSR=0.250
K=1.5, CSR=0.300
K=1.5, CSR=0.350

»  K=2.0, CSR=0.300

K=2.0, CSR=0.350
K=2.0, CSR=0.400

02F ——REBAME
a=1.06, b=0.21, R?=0.96
1 1 1 1 ]
0 3 6 9 12

yg/%
(a) =100 kPa

1.2

1.0+

K=0.6, CSR=0.275
K=0.6, CSR=0.350
K=0.6, CSR=0.375 o
Kk=0.8, CSR=0.300 ©
K=0.8, CSR=0.375 !
K=0.8, CSR=0.400
> K=1.0, CSR=0.400 X

Ay A L

7 A O 4 D> oo

o K=1.0, CSR=0.450
« K=1.0, CSR=0.500

K=1.5, CSR=0.400
K=1.5, CSR=0.425
K=1.5, CSR=0.500

~  K=2.0, CSR=0.500

K=2.0, CSR=0.550

15

0.2 K=2.0, CSR=0.575
a=1.06, b=0.21, R?=0.96
1 1 1 1 J
0 3 6 9 12

yg/%
(b) P =200 kPa

13 JA—HHEBRFLEL 5T X REXFR

Fig. 13 Normalized pore pressure ratio versus generalized shear

strain

fJa, BRI (D) ARARKX 3) RIF5 5%
16 S5 28 ] 5 0 3 T SCBY AR )l e L L A

EieH

% 3- Sin((p’n)

1.06 _
7= e 1+ 1-K
! 0.21-|—}/g 1+1.5K

2sin(@'y,)
PP A S H S5 EE KRS RBR A B A
@'y, REALAIUG N7 4 170 57 X AT - e FL RS K

15

Jo “4)

Ealiif- Al

FT AT I, B 14 B BT A
RUTEF39H BN T p, = 100 kPa, T K F1 CSR AN[A] i}
AT &5 SR -5 A SRS Bt B0 EeAB ot . ) (Y
AR, 2R REACI S ORI E AR S %
161 S P ] 2 0 RV = PR R LR S 70 R 35

En e

o O

\ix"(4)‘rfﬁ1‘ﬁ

— o K=0.6, CSR=0.200
— o K=0.8, CSR=0.200
— & K=1.0, CSR=0.250
_— K=1.5, CSR=0.300
—_— < .K=2'0’ CSIR=0.350 )

0 3 6 9 12 15
'yg/%

14 BRFTNES ASCREBIRAIRIEL (p, =100 kPa)
Fig. 14 Comparison between model prediction and experimental
data reported by this study ( p; = 100 kPa)
B OCHR[22, 23] & ) SRR AS TR AT AL B R

WO AR S IR B, 181 15 1 — 0 A SORERY 0 i I
BT THRAE. B 15 (@) Fl (b) 43 AR T & i
I G5 IR R VA — A L LE ry AU AL EE 7
AR T A8 5 I 25 RS UG . B8l 15 (a) AT
R, AP AT (3) BEAR L s 0N S 300 U4 — 1k
L S T B RAR ) R AR o 5 IR, P 15 (b)
& A PR S (K =1.0) I3IabEE FLRR K Le T3
E5 RIGBRIEA — B, 1% 18] 5 PR 45K T AR
RFESE 5 BB E LR RERTRS
PRI BRI A B TR L A7AE A FL BN 2 B 55
RFEAT R, IX SRR E 2 S I 3R LS PR R P LR T
BOAAEASCHE BN AR vh 45 UL 4T i 8. Jixd b
RIGIET] LU L, ASSCHRH A TSR B4 E e A 2
S5 AL AFER 25 A0 R IR S T % 1] S5 P ] 435 v AN D - 4
LK S R R 3.

12
10
08
. B Bl
206 PR IR T 3CRR[22, 23]
o K=1.5, CSR=0.35
0.4 o K=1.0, CSR=0.35
2 K=0.67, CSR=0.30
0.2 KREWA R
a=1.03, b=0.34, R2=0.97
0 2 4 6 8 10 12 14

'yg/%
(a) IR — LB ILIE L



322 Hs

2025 4F

10 5 -
<N 0 R 00,0.088-0 oo
DDP\DE\D WHA A fiyiya
0.8 s = TSRO
061
- q
0.4 MBI
BB IR T SCHR[22, 23]
B3 0 K=1.5, CSR=0.35
- —— 0 K=1.0, CSR=0.35
A K=0.67, CSR=0.30

0 2 VR 8§ 10 12 14
yg/%
(b) IMFEdEFLIELL
15 FUNIREL 588 SCik (2217231 RSN I B3R A3 EE
Fig. 15 Validation of prediction model against experimental data
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