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G = ZAG = XAy’ + A3)" (1)
Where Ay and Ay, are the shear strain

increment in two orthogonal directions, i.e.,
X and Y directions, respectively.
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Figure 11. Comparison of the relations between u,../o”,, and G on saturated sands subjected to
undrained cyclic shear with different amplitudes and directions ((a) uni-direction and (b) two-direction
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Figure 12. Comparison of the relations between u,../c”’,, and G’ on saturated clays subjected to undrained
cyclic shear with different amplitudes and directions ((a) uni-direction and
(b) two-direction at 8 = 90°)

Eq. (1) indicates that G~ denotes the
summation of the shear strain increment
during cyclic shearing, or this parameter
denotes the length along the shear strain path
and is related to the cyclic shear-induced
disturbance of soil structure. This means that
the cyclic shear with a longer application (i.e.,
larger number of cycles) and a larger
amplitude (i.e., y) results in a larger value of
G". For the case of Hue and Kaolin clays
which are not liquefied as seen in Fig. 12 and
all cyclic shear tests were fixed at n = 200, the

cyclic shear at larger induces the larger values
of G° and the larger G results in the
higher u,../oc",,. Meanwhile, the tendencies are
different for Toyoura and Nam O sands, which
were liquefied, as seen in Fig. 11. It is
interestingly indicated that by using G~ instead
ofn(as shown in Fig. 8), the changes
inu,./o’,,become more unique. When
y> 0.3%, the discrepancies of u,./oc",, become
negligible regardless of the shear strain
amplitude and shear direction. Therefore, G
can be used to capture the effect of the shear
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strain amplitude and shear direction on the pore
water pressure accumulation of saturated sands
subjected to undrained cyclic shears.

Using the plots in Figs. 11 and 12, the
threshold cumulative shear strain for pore
water pressure generation, symbolized by G,
and similarly defined as n, can be obtained
for Toyoura sand and Kaolin (symbolized as
G*,,,m and G*mKAO, respectively) under
different cyclic shearing conditions. Obtained
results of G*MO and G*mKAO are summarized in
Table 4 and plotted against yin Fig. 13.
The results of G',, on Nam O sand and Hue
clay (symbolized as G*t,,NO and G*t,,HU,
respectively) were referred from previous

research (An et al., 2022) in which the method
for determination of G*t,, was also described in
detail. In Fig. 13a, despite several scattering
on G*,,,NO, the results of G*,,, are mainly in
the range from 0% to 0.1%. Therefore,
G'»= 0.1% can be considered a criterion
value for pore water pressure generation in
sands. Meanwhile, in Fig. 13b, G,y and
G ka0 generally decrease with 7, and Kaolin
with higher Atterberg's limits shows higher
G*,,, (i.e., G*,,,KA0>G*,,,HU). Since the decreasing
tendency of G*,DHU and G*,,,KAO are not clear and
scattering on G*,,,KAO is remained, uni-directional
and two-directional cyclic shear tests should be
further carried out on other clays.
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Figure 13. Changes of G, with g for (a) sandy soils and (b) clayey soils subjected to uni-directional
and two-directional cyclic shears (obtained results on Nam O sand and Hue clay were referred
from An et al., 2022)

Table 4. Obtained results of G*,p for saturated soils subjected to undrained cyclic shear with different

amplitudes and directions

Shear direction Uni-direction 0=90°
Soil %) 0.1 0.2 0.4 1.0 0.1 0.2 0.4 1.0
Nam O sand (G n0) 0.075 | 0.075 0.25 0.125 | 0.045 0.08 0.25 0.13
Hue clay (G 1) © 0.07 | 0.016 | 0.086 0.01 0.16 0.09 0.1 0.08
Kaolin (G ,x40) 0.333 | 0.585 0.15 0.072 0.47 0.57 0.5 0.089
Toyoura sand (G, o) 0.073 0.082 (::> 0.062 8:% 0.025 <:> 0.07
P 0.20 0.096 0.0125 | oo, 0.049 0.072

® Results of Nam O sand and Hue clay were referred from An et al. (2022). © The results obtained for y = 0.3%
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water pressure. For sandy soils, which are
easily liquefied wunder undrained cyclic
loading, the effects of cyclic shear direction
and shear strain amplitude become negligible
when y> 0.3%, whereas for clay with higher
liquefaction resistance, such effects remain
even at = 1.0% and n = 200.

(2) The threshold number of cycles for
pore water pressure generation generally
decreases with yregardless of the soil type
and cyclic shear direction. For sandy
soils which have similar index properties,
Toyoura sand at higher D, shows smaller n,,
(i-e., nypro < nyyo) meanwhile, for clay, Kaolin
with higher Atterberg’s limits shows higher
Ny (i.e., Nypka0 > I’Z[pHU).

(3) As to the threshold cumulative shear
strain for pore water pressure generation, the
values of G, obtained on Nam O and
Toyoura sands mainly change in the range
from 0% to 0.1%. Therefore, G*tp =0.1% can
be considered as a criterion for pore water
pressure generation in sands. For Kaolin and
Hue clays, despite several scattering on
Kaolin, G, generally decreases with  and
Kaolin with higher Atterberg’s limits shows
higher values of G*tp (i.e., G*t,,KAO > G*tpHU).

(4) The effects of shear strain amplitude
and cyclic shear direction on the pore water
pressure accumulation of saturated sands and
clays can be eliminated by using G"
Consequently, relations of u,./c’,, versus G
become unique on each soil. Therefore,
empirical fitting lines can be used to predict
the pore water pressure accumulation of the
used soils subjected to undrained uni-
directional and two-directional cyclic shears.

(5) Even with the application of G, the
discrepancies of u,./c’, are seen between
sandy specimens at different densities and
between clays at different Atterberg’s limits
indicating that the effects of the relative
density and the Atterberg’s limits on the pore
water pressure accumulation of the soils
remain.
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