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Cyclic torsional shear loading tests on the extremely large post-liquefaction flow
deformation of saturated Nanjing sand

ZHUANG Hai-yang, HU Zhong-hua, WANG Rui, CHEN Guo-xing
(Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China)
Abstract: To investigate the post-liquefaction flow deformation of saturated Nanjing sand mostly composed of flaky grains, the
hollow column torsional shear apparatus is used to simulate the loading states of the soils in the site with large
liquefaction-induced lateral deformation. The results show that the resistance of Nanjing sand against the liquefaction and the
post-liquefaction accumulation deformation increase with the effective confining pressure, and they also have increasing
tendency under the same effective confining pressure. Without the initial shear forces, the post-liquefaction deformation of
saturated Nanjing sand is mainly the cyclic liquefaction-induced deformation, and single direction accumulated flow
deformation is also found, which also increases with the cyclic loading. The effect of the initial shear forces should be divided
into three stages. In the first stage, the resistance of Nanjing sand against the liquefaction and the post-liquefaction
accumulation deformation decrease severely with the increasing initial shear forces, and the soil samples are mainly damaged
by the large liquefaction-induced flow deformation. However, when the initial shear forces are close to the cyclic shear forces,
the resistance of Nanjing sand against the liquefaction and the post-liquefaction accumulation deformation increase quickly
with the increasing initial shear forces, and the soil samples are mainly damaged by the large liquefaction-induced flow
deformation in this stage. When the initial shear force is large enough, the saturated Nanjing sand is not liquefied until the
single direction accumulated deformation reaches 30%, which proves that the large deformation of the saturated Nanjing sand is

mainly caused by the large plastic deformation. Meanwhile, the
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large post-liquefaction deformation of saturated Nanjing sand is

also different from that of the Toyoura sand mainly composed
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Fig. 1 GDS torsional shear apparatus and loading modes
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Fig. 2 Grain shape of Nanjing sand under microscope
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Fig. 3 Grain-size distribution curves of Nanjing sand and Toyoura
sand
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Table 1 Physical parameters of Nanjing sand and Toyoura sand

P kiR HH X 25 i R E B RFLE L B/NFLB
oEc] SRR X5 i " -

Dsy/mm /% Cmax Cmin
E SN 2.656 0.16 44~48 0.1 0.992 0.632
B AR 2.700 0.17 42~46 0.9 1.140 0.620
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Table 2 Loading methods for tests
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LU pykPa  CSR=rt,.. /T  SSR=t,./p) r /kPa . /kPa LEL SN
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3 120 0.208 0 +25 -25 PN EpIESS
4 150 0.167 0 +25 -25 PN EpIESS
5 100 0.167 0 +16.67 -16.67 PN EpIESS
6 200 0.167 0 +33.34 -33.34 PN EpIESS
7 250 0.167 0 +41.68 ~41.68 P EpIESS
8 100 0.140 0 +14 -14 PN EpIESS
9 100 0.180 0 +18 -18 PN EpIESS
10 100 0.300 0 +30 -30 PN EpIESS
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16 100 0.180 0.27 +45 +9 B fnE
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Fig. 4 Shear stress-strain curves and large torsional deformations

of rubber membrane
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Fig. 5 Shear stress-strain curves modified to clear away rubber membrane effect
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Fig. 6 Shear stress-strain curves of saturated Nanjing sand under different effective confining pressures
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Fig. 7 Effective stress paths and stress-strain curves of Nanjing sand when 7, =3 kPa
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Fig. 8 Effective stress paths and stress-strain curves of Nanjing sand when 7, =14 kPa
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Fig.9 Effective stress paths and stress-strain curves of Nanjing sand when 7, =18 kPa
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Fig.10 Effective stress paths and stress-strain curves of Nanjing sand when 7, =27 kPa
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Fig. 13 Resistances of saturated Nanjing sand against initial liquefaction and accumulated deformations with different initial shear stresses
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Fig. 14 Resistances of saturated Nanjing sand against initial liquefaction and accumulated deformations compared with those of Toyoura
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