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Apparent Kinetic viscosity of saturated Nanjing sand due to liquefaction-induced
large deformation in torsional shear tests

HU Zhong-hua, WANG Rui, ZHUANG Hai-yang, CHEN Guo-xing

(Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: The post-liquefaction dynamic flow deformation of saturated sand may cause severe damages on the ground and

underground structures. To investigate the dynamic flow characteristics of the post-liquefied saturated sand, a series of
undrained cyclic torsional shear tests on saturated Nanjing sand are conducted using the hollow column torsional shear

apparatus by applying and measuring double amplitude shear strain up to about 100%. Based on the test results, how the
effective confining pressure and the initial shear stress affect its dynamic flow characteristics in the liquefaction state is

analyzed. The results show that the sample is actually in the dilation state at the end of "zero effective stress" determined by the

viscosity-strain rate relationship curves of saturated Nanjing sand in the reversal unloading state. Meanwhile, the easy flow
characteristic

excess pore pressure ratio. In other word, compared with the post-liquefaction "zero effective stress" state, the response of the
property of saturated Nanjing sand under cyclic loading is obvious stronger than that under monotonic loading.

excess pore pressure is hysteretic. The initial static shear stress has great effect on the apparent viscosity-strain rate relationship

0 3

curves of saturated Nanjing sand in the "zero effective stress" state and the dilation state, while it has little effect on the apparent
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Fig. 1 Relationship curves among apparent viscosity, pore pressure

ratio, stress, strain relation and stress-strain rate

2 SEWERSH
2.1 FEBYEEFIEFEE R AR RS0
T
FEFAR I, S 7 E O BT N - B N
WRMIFK SR, FIHAED BB 5 LR AR R
MR T Y RAR A AW . HATRD R 0 BY R AR %]
IS AR

N N A A A
= 1+ 1 + 1 1 y 1
4 2( L~ L=t M

K, 7 NG R BNARER, v,y My, AN
tins ANty B2 A BY R ARE

FRAE BN ) - BY N AR 2611 56 2 il 26 T SR 15 3R W31
VAR iR

n=", 2
y
X, n ARSI B, « NBIN ), y NETNAR
R, RN IF R EFREALN Pass, HTIHFHEF K
LA 5 AR R Bh J B B R, FrATE
T BT B HUCRAT kPa-s.

MRFES) 0 BRAE S T 25 kPa AR, H R H &
57 80 kPa A84L 3 150 kPa FAIREE, RIGFTISIE “ &
HRRIT” RET CHARIES)FLE LLR PN BIR )
S5EINARR AW 2 Fras. XFE 2 37Xt

R

COBE &2 I BY B ) 5 BT AR 256 22 R I H
FHIFI RN, TEBT RSN IERE A, 5N AR R
BYR SRS TG R, B 775 By AR A i 2k 2 — 5%
N2k FEBYNARE YA, BY AR AR A 5
I BIR/INTT ek, BY R b BY R AR S it 2k 2 — 5%
ik, BCRE, E CEGMMNITT BB )
IEIINE ¥ Sl S EYE RAE S2 1P

(2) W0 LR J5 Ik B PG B B AR M 45/
I, R I BY B ) 5 BT RAR 200 R 4 ARSI, AR
T 2SN R G I B 51 2 408 2 B AR R 3 K, 7
TRE I BY R 7 5 8 AR 250 2 i 26 1IN 48 AR g HA 30 BA
SR 10 SUE AE BY AR B AR AR LR BY R
TR K. FILJFEE, ATREE U WIS TR
% J5 SR A T B AL B 1) R R 5 AL S
“CERAGIANE S RASAH LE A B R 0 R AN, BRTE
HRAE B L LURA 5 1)« 22 308 )37 RS R it il L
SRS PN D)2

GOUEIA NN EONT BY R 775 B AR A 7 Hh 25
PR A M. B2, Sk EMEYIGHRE
a2, KIERs “CFGRUNT)” RE NBIRL
AR AR GE B R 3G I d AR, FLIA I s K B R AR
RAWKE 2 0. JEH R LAEWIIHWRAL G MG BT B
A5 M 10%A8 AL 5] 20%H 8 B 48 R A5 KR T o

U —a—y =10%552£ 7 —a— y=10%55 128
—o— 1 =20%552°F & —— 7 =20%55 12
sl —a— 7 =30%552°1 A —a— 7=30%55 1L
—o— 7 =40%55 2 —o— 7=40%55 121
] 3r
g ff%a ///E
R
& 1f
R
\LXJ %
-3 . L . L )
0.6 04 02 0.2 04 0.6

0
By R AR HR fs-1
(a) oh=80kPa, 73=25kPa

—=— y=10%35 12
—— 7 =20%55 12K
—a— 7 =30%55 12K
—e— 7

J

L

T —e—y=10%8245
—o— 1y =20%55 2
51 ——r=30%%2"%
—o— 7 =40%55 2

1 1 1 1 1
-0.6 -04 -02 0 0.2 0.4 0.6
DY REAEFR fs-1
(b) 6$=100kPa, =25 kPa



HOoE T OB ¥ R

2016 4F

152
T —=—y=10%52%/8 —n— y=10%B 121 SE
—o—y =20%5522 A —e— y=20%55 12K
sl —a—r=30%2k —a— 7=30%55 1218
—o— 7 =40%3522¢ —e— 7=40%355 12K A
s 3F
[=™
=
: % Y
1t /
s 4
TH¥i /f%
-3 L L L L
-0.6 04 02 0 0.2 0.4 0.6
Y RiAEER fs-1
(¢) 0§=120 kPa, 7=25kPa
T —E—y=10%%2¥H —a— y=10%55 12K 4
—o—y =20%5521 —— y=20%5 1L
5 | —a—r=30%5$21F —a— 7 =30%E5 12
—o— 7 =40%55 221 —e— 7 =40%55 121 A
L3) %
[=™
=
R ffﬁ J
&1
®
I \111 [ 7
-3 L L
-0.6 -04 -02 0 0.2 0.4 0.6
BY N AEH /51
(d) 6$=150kPa, 7 =25kPa
E2 “FEBRAYNN RETHNNEHRTEXRLE

Fig. 2 Stress-strain rate relationship curves of saturated Nanjing
sand in zero effective stress state
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Fig. 3 Apparent viscosity-strain rate relationship curves of

saturated Nanjing sand under different cyclic loading amplitudes
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Fig. 4 Apparent viscosity-strain rate relationship curves of saturated Nanjing sand under different initial static shear stresses
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