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ABSTRACT: The study of the cyclic behavior of sandy soils during seismic loading has been one of ~ Review History:

the most important geotechnical issues in previous decades and is still one of the most geotechnical — Received: Apr. 28,2021
challenging aspects among researchers. In the earthquake, the soil is under initial constant normal stress ~ Revised: Aug. 21, 2021

and the shear stresses change direction regularly; as a result, the directions of main effective stresses on ~ Accepted: Nov. 01, 2021

the soil sample are changed. In the present study, cyclic simple shear responses for different mixtures of ~ Available Online: Nov. 09, 2021
clean silica sand and non-plastic silt have been evaluated. The laboratory experiments were performed
at a constant cyclic stress ratio of 0.15 (CSR = 0.15) and effective confining pressures of 50, 100 and
150 kPa. A series of constant volume cyclic simple shear tests on silty sand samples have shown that
by increasing the non-plastic fines up to 30%, the shear strain decreases and then with an increment of
silt content to 40% the shear strain increases, but the shear strain of the sand with 40% silt is less than
the clean sand. The results also indicate that the liquefaction resistance of clean sand under the same
conditions is higher than that of silty sand specimens. Also, with increasing the confining pressure, the
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soil liquefaction resistance increases in all silt percentages.

Shear strain

1- Introduction

Although the triaxial test is the most common and widely
used test to evaluate the shear strength of soils, the shear tests
such as torsional shear and simple shear tests use a stress path
that creates more realistic loading conditions in the event of
an earthquake. Some researchers believe that with increasing
non-plastic fine content, the liquefaction resistance of
silty sand increases; others have reported a decrease in the
liquefaction resistance, and some have reported a decrease
and then an increase in liquefaction resistance. Also, some
studies have shown that the liquefaction resistance of silty
sands is more dependent on the void ratio of the sand skeleton
than the fine content [1-6].

While significant research has been done on the cyclic
behavior of clean sandy soil using a simple shear apparatus
at constant volume conditions [7, 8] but there is a lack of
information about this type of behavior in sandy soil with
non-plastic fine content. The main purpose of this study is
to investigate the effect of non-plastic fine content on the
liquefaction potential of 161 Firuzkooh sand using a cyclic
simple shear test at constant volume condition. The results are
compared and the possibility of predicting the liquefaction
potential of the samples depending on the type of soil is
discussed.

*Corresponding author’s email: Ziaie@eng.ikiu.ac.ir

2- Testing procedure

In the laboratory experiments, 161 Firuzkooh sand was
used as the base sand and crushed silica firuzkooh silt was
used as the non-plastic fines. To produce a sequence of sand
of sand-silt mixtures, the quantity of crush silica fines was
varied from 0,10,20,30 and 40% by mass

All specimens were prepared by the moist tamping method
and were tested under effective vertical stresses (0> ) of 50,
100 and 150 kPa. During the cyclic loading phase, shear
stresses from uniform sinusoidal cycles (T, ) were applied at
a cyclic stress ratio of 0.15 (i.e. Tcy/G'VC: 0.15) at a frequency
of 0.1 Hz.

3- Results and discussion

Drained constant volume cyclic simple shear tests were
performed on clean sand samples (161 Firuzkooh sand).
Figure 1 shows the cyclic response of loose sand. The
specimen had a void ratio of 0.79 and the relative density
(Dr) after consolidation was 29%.

The clean sand sample shows a significant softening strain
after the second cycle. The general pattern of changes in pore
pressure also, shows dramatic deviations with shear strain.
The changes in the excess pore pressure ratio (r ) show a very
good correlation in terms of the number of loading cycles and
the sample became liquefied in the third cycle.
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Fig. 1. Cyclic stress-strain response, b) Pore water
pressure changes - shear strain, c) Shear strain versus
the number of cycles to liquefaction, d) Excess pore
water pressure ratio versus the number of cycles for
Clean sand soil sample (e = 0.79 and Dr = 29%) and

o've= 150 kPa, (CSR =0.15)
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Experiments were also performed on silty sand specimens.
Samples were tested with a consolidated void ratio of 0.71
and a relative density (Dr) of 31%. It was observed in clean
sand that the soil liquefied in less number of cycles and had
higher shear strain (-2 to +4%). The results showed that
with increasing the non-plastic fine content up to 30%, the
specimens liquefied in less shear strain (-1.7 to +2.2%) and a
higher number of cycles needed than clean sand.

4- Conclusion

In the present study, the results of cyclic simple shear tests
on different sand-silt mixtures were considered in order to
investigate the effect of non-plastic fine content on the cyclic
behavior of silica sand. Drained constant volume cyclic
simple shear tests were carried out on sandy samples in stress
control conditions.

Experiments on clean sand showed that, in a small number
of cycles (N = 3), a softening and liquefaction behavior at high
shear strain occurs. However, the silty sand specimens made
with the same void ratio and in loose conditions liquefied
at lower shear strain than clean sand, so by increasing the
silt percentage to the threshold of 30%, the samples become
liquefied in less shear strain than clean sand, but after this
percentage, by increasing the non-plastic fine content, the
liquefaction occurs in the larger shear strains. The obtained
data showed that the liquefaction resistance of clean sand
under the same conditions is higher than silty sand. Also, with
increasing confining pressure, the soil liquefaction resistance
increases in all silt percentages.
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Table 1. Some laboratory studies performed using a triaxial apparatus
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Table 2. Program type of cyclic simple shear tests
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Fig. 4. a) Cyclic stress—strain response, b) pore water pressure changes - shear strain, c¢) Shear strain versus
number of cycles to liquefaction, d) ratio of pore water pressure changes to initial vertical stress versus number
of cycles for Clean sand soil sample (e = 0.79 and Dr = 29%) and (150 KPa = ¢'vc, CSR =0.15)
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295 sl (Stumsar (I35l S Sl sy 04 o iy (TU)
W uLu o |)§3]9) Pow LS\w) 3 dged g ¥-d Jga» ABd e uLwU I)
Sl oS s b cplply 5 ol b 0 anslio ¥ S5 50 &S (gldiges

20 1Sl (N=F Jlo ie 4) oSS

T¥ b 0gS 55 V8N duslo (59 2 (29l 03l 2 (slagstalajl =Y ¥
<Y

)5 bglsee jlons ol oY awle (cladiges g9, » o yisles]
06555 555 s b g A plosl eV AT+ L 068 g5 VFY dule
Gl 0 JS cplply o Lilef 7YY (DIX) oo 15155 ¢ +/VY aiily
Cans H Y dwlo (gdiges jl ol iS; Culi o> 09l ool oy
S e s |,

09)S 0 g yieS S dlawi o S Wb sdalde alld dwle )
@ g3 b Ceand () 1305 Sl S5 (o> +F 5 2Y) (o 5V

aldzy olime Lol b SB @S 34 0 otalio (0-d 9 0-2 (cla i)

AR

oy g s -f
)w dwlo S9) ¥ LS’?L" 03w L)")" dbbuwl.o)i -\ =¥

oy » odd oiSe) b e (agls el By lagiilej]
8 gl (¥ JS8) 0 plsl 0955558 15) 305 dle (slniges
Jodos cund iy awle diges a0 LS 1) G dusle (sdig05
ol 92 0x55 5| L Y (D) o 5515 g +/VA by S
29 ool by o |y s dulo by el (¥ JSCS) 45 &S (slagas
A2 o LS o wiSa ol e

S 51 g diges ¥ S )3 dige )3 uajpiess syl L)
Olyss (IS gl o3l (Ui 1) (g BB oigd o5 (35S po>
SSL llssl 165 F-b s )3 o o3l (LS iges (gloyis O L
Comd (oD GBI Copdi 29 o0 odalie (b (A58 Ol b
sl iy &S b canl onds 0ald lis ¥-C S5 j0 S ol &
0255 S Sl s> 4 epgd IS ol Sl g9rd b i (50

adg) G 4 s Sl L8 LS s g0 aetie s G



YYer B YA doxio VF) Jlo & 0)loud OF 095 ¢S ol (lpos suodie 4y

a
A
AN
a 24722227
E =
g -
3
Q
<=
75}
shear strain (%)
4
C CSR=0.15
~ 3 |
g H
g 2
s
51
8
8 0
n S 20
-1 U u
-2

Number of Cycles, N¢

200
\SAY

b| csr=0.15

)
o
<
=
<
- 4
shear strain (%)
1.2
d | |csr-0.15
2 08
°
S 0.6
T
2 04
0.2
0
0 5 10 15 20

Number of Cycles, N¢

(0 S S1as5 s 1 (o 2 (55 Oy (€ ¢ (i 2 (55— (50 i O YU Oy (B ¢ (295 (o2 G055 — (a2 (A5 ol (2 P USS
5(€=0.79 and Dr=32%) Y ao ;3 Fe L awlo S digod (gl S 3aai d Comnd ddgl (63908 (Widd (gl pis Ol HLid Ol pudd Connd
(KPa =¢'ve, CSR =0.15 150)

Fig. 6. a) Cyclic stress—strain response, b) pore water pressure changes - shear strain, ¢) Shear strain versus number
of cycles to liquefaction, d) ratio of pore water pressure changes to initial vertical stress versus number of cycles for
sample with 40% fine content of silt (e = 0.79 and Dr = 32%) and (150 KPa = ¢'vc, CSR =0.15)
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