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Property  Notation  Value
Soil type SP -
Spect e Gs 2.61
gravity
Maximum 175
dry density Ymax KN/m?
Minimum . 14.9
dry density Ymin KN/m>
Maximum
void ratio €max 0.751
Minimum
void ratio €min 0.49

Table 1. properties of sand
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Property Notation Value
. non-
Soil type plastic silt
Specific gravity Gs 2.51
Maximum dry 14.8
density max kN/m’
Minimum dry 11.58
density Vmin kN/m’

Table 2. properties of silt
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fig. 1. Soil granulation curve used in this study
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fig. 2. a. Cyclic triaxial test apparatus, b. test sample.
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Table 4. Pressure increment time-steps to saturation
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(%) CSR pressure Soil type
32 (i 0.15 0.2 100 clean sand: S
32 0. 70% sand with
1 0.15 0.2 100 30% silt: STM3
32 0. 40% sand with
1 0.15 0.2 100 60% silt: M6S4

Table 3. Test program
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Stepsof - 30kpa  45KkPa 60 KPa
pressure
increase to BBP CP BBP CP BBP
saturation
Stepl 45 35 45 35 45 35
Step2 75 65 90 80 105 95
Step3 105 95 135 125 165 155
Step4 135 125 180 170 225 215
Step5 165 155 225 215 285 275
Step6 195 185 270 260 345 335
Laststep 225 215 315 305 405 395




S35 05 Lo Low 5 el Al S

s STM3 (S £ dn S (CSR=0.2 55 ol yasiuiin &S
35 el skt LS, S £ dx MES4 5 S Y
S 1Y e M6S4 5 S ¢ sy STM3 CSR=0.15
Q) ol awle 45 &Y il L Vsl onl by o |l
e 3 4Bl R Ao T 5 b I Sl Jeily

Al r Sl Jeily
Slagmin 51 Sy oo Gl eddonls (2515 dlslae (0) Jsitr o
LS plgl 6 by (0) JSE 3 okt wlyl ol Sy,
Lo a5l Vslan ol 5 sliad b ol o el Cilien
53 o 205n SWESR o3 5domes 53 Ol o0 (rulin o8

CJQ@J&\JQUJ)L;; J)jnh}i:.\.vb\.bducd'&_}ﬁ U'l\

LA&S\}'}‘?S@})W &bi;b)v.'&dwav\.\ie:b u&)‘f‘d:bw .0 JJ.&?

Soil type
2 : clean sand: S
5 ' 70% sand with
30% silt: S7TM3
7 ’ 40% sand with

60% silt: M6S4

Table 5. The trends obtained for liquified soils in the form of
second order equations

S5 s 8 S G SNl Jpd LB Ses polis
el ol B gl sl (VL i Sl cileds &l
S 2 Sl oo 4 b e a5 SVsles cnl 5 eslinad L
o SLCSR o350 gl Ol o S S
fﬂ Sla IS sl 51 lie s (a5 pl 55 el
s Ay = 1) LSy, slas gl
Some S8 D wlags Ul 26 (0) U5 55
STM3 & g0 Sl yasieiin a8 &5 SOlan .ol ol 0315 OLES
S & G [ G S G55 S Sl S 2l 3
O S Ay 4 g, Ky geemes das e 0L M6S4
S ol () IS a1y Sl alie (0) ISKE 55 (s
a3 558 s M6S4 (STM3 ;5 5« CSR=0.2
ok 0313 Ol Ty 655 CSR 5L 55 (v 5 1) s JKo s

Y SRlRI L as das e QLS (Y 5T IS s aglie ol

1y

1.2 A
1
0.8 l’
£ 0.6
0.4
0.2
8 >
-0.01 0 0.01 0.02

Axial strain

<o
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pressure of 100 kPa, D=30%, and CSR=0.2: (a) deviatoric
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number of cycles; (d)ru vs. axial strain;
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Abstract

Liquefaction is the cause of many earthquake-induced failures in loose to semi-dense saturated
deposits. Most recently published works have been focused on the liquefaction potential of clean
sands. However, the studies on silt and silty sands, particularly the effect of cyclic stress ratio (CSR)
on the critical silt content in evaluating sand liquefaction potential with 40% fine grains and more,
have received less attention. Hence, the present work attempts to determine the effects of CSR,
backpressure, the percentage of non-plastic fine-grain contents, and the effect of pressure on the
saturated soil using cyclic triaxial experiment constant confining pressure. Samples were prepared by
mixing 161-Firoozkuh Sand with three different silt amounts, including 0, 30, and 60 wt%. The
experiment continued by the “wet tamping method,” in which samples were made with a diameter of
5 cm and a height of 10 cm. All samples were compacted under a constant confining pressure of 100
kPa at a relative density of 32%, following the recommendation of ASTM.D-5311. According to the
obtained results, with increasing the silt in the sand by 30%, a decrease in liquefaction resistance
occurred. However, with a further increase of silt to sandy soil with 60% silt, an increase in
liquefaction resistance was observed. This indicates that systematic progress from pure sand to sand
with 30% silt led the fine particles of silt to fill the voids between coarser particles of sand. This
resulted in reducing the soil drainage capacity during earthquake vibrations or cyclic loading.
Therefore, the liquefaction potential increases in these conditions, but the sand-like behavior still
prevails up to 30% fine-grained. A further increase beyond 30% changes the soil behavior, and the
soil adopts fine-grained behavior, which reduces the liquefaction potential. CSR's effects on

Yy



350 0 o b 5 gloxl Al S 2 S Sl b sy Olpe 5 Ao 25 6T )

liquefaction behavior of all soil samples of this study have been evident that with changes in the CSR,
the percentage of fine particles that cause the highest pore water pressure, respectively, change. In
this regard, the liquefaction curve equation is presented in the range of sandy to loamy sands. The
results showed that by increasing the silt content up to 30%, a decrease in liquefaction resistance
occurred, and then a further increase in the silt content caused an increase in the resistance. It was
observed that by increasing fine grains up to 30%, the behavior of sand is predominant; however,
when the content of fine grains exceeds 30%, the behavior of fine grains and silt is dominant.
Collectively, the results show that changes in CSR's value cause a regular change in the percentage
of fine particles that cause the highest pore water pressure. On the other hand, the effect of
backpressure on the soil skeleton in the saturation state (B-value) of the samples based on liquefaction
potential and the resulting strains was insignificant in the sand with 60% silt and somewhat more
pronounced in the sand with 30% silt.

Keywords: Cyclic triaxial testing, Liquefaction potential, Silty sand, Cyclic Stress Ratio, Non-Plastic
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