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Undrained monotonic shear behaviour of loose sand-silt soil mixture
Akram Karimian and Mahmoud Hassanlourad

Department of Civil Engineering, Imam Khomeini International University, Qazvin, Iran

ABSTRACT
The undrained shear behaviour of sand-silt mixture is studied in the loose state using triaxial test. To
this end, besides common physical tests, samples were prepared with silt contents as 0%, 10%, 20%,
40%, 60% and 80% and tested under 50, 100, 150 and 300 kPa confining pressures. Test results showed
that minimum void ratio indexes were achieved for the mixture having 20% to 30% silt content.
Presence of silt content up to 40% changes the soil stress-strain and pore water pressure-strain
behaviour pattern and further increasing of silt content has no important effect on the soil mixture
behaviour. Also, presence of silt particles between the sand grains increased the effective internal
friction angle of soil at critical state. At the end, regardless of soil mixture, there is a linear relationship
between the final excess pore water pressure and shear strength of soil, so that, shear strength of soil
decreases with increasing of final excess pore water pressure.
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Introduction

The engineering behaviour of coarse grained soils is affected
mainly by the particle size distribution, shape of the soil
grains, relative density and confining pressure. In fine grained
soils, the engineering behaviour is governed by the mineral-
ogy of the soil grains, water content, soil specific surface, etc.
Most of the previous researches on the shear strength and
stress-strain behaviour of granular materials have focused on
clean sands (Carraro, Bandini, and Salgado 2003; Yoshimine
and Koike 2005). However, natural granular soils may contain
fines with different shape and size properties which are
expected to influence the engineering behaviour of sandy
soils (Belkhatir, Schanz, and Arab 2013; Yamamuro and
Covert 2001; Boulanger and Idriss 2006). In the past, some
researchers believed that as silt fines are granular and do not
have magnetic forces on their surfaces, sand and silt show
similar behaviour; thus, the existence of silt between the sand
grains does not change the residual resistance of sandy soil
(Ishihara 1993). However, researches confirmed that the
behaviour of clean sand in comparison with sand-silt mix-
tures is completely different. Yet, there is a disagreement over
this difference, with some researchers believing that the pre-
sence of silt particles between the sand grains reduces the
undrained resistance of sand-silt mixtures (Chang, Yeh, and
Kaufman 1982) while others claim that adding fines leads to
strength increase of soil (Vaid 1994; Troncoso and Verdugo
1985; Salgado, Bandini, and Karim 2000; Yang, Sandven, and
Grande 2006). By conducting a series of tests, Lade and
Yamamuro (1997), obviously showed that undrained resis-
tance of sand-silt mixtures remarkably decreases by increas-
ing silt in the mixture at a constant total void ratio. Polito
(1999) continued their work and expressed that adding silt to
sand until a limit point about 35% reduces the undrained
resistance of mixture, but up to this value, the increase in silt

improves undrained resistance at constant void ratio. Other
researchers also reported decreasing of steady-state strength
as the fines content increases, with a further increase beyond
about 30%, shear strength improves by an increase in silt
content (Zlatović and Ishihara 1995; Thevanayagam,
Ravishankar, and Mohan 1996; Pitman, Robertson, and Sego
1994). By investigating the influence of non-plastic fines on
the undrained shear strength of silty sands, Thevanayagam
and Mohan (2000) reported that at the state where silt con-
tent is more than 30%, silty sand behaves like silt. They
expressed that in this state, sand grains break away and the
behaviour is governed primarily by the fines. Thian and Lee
(2011) revealed that by increasing the fines content, the
undrained shear strength, soil modulus and pore pressure
decrease. Kim, Sagong, and Lee (2005) performed a series of
triaxial compression tests on silty soil, the results of which
showed that the critical state internal friction angle decreased
with the increase in fines, whereas Murthy et al. (2007)
observed its increase by the addition of silt content. Maleki
et al. (2011) found that the undrained behaviour of sand-silt
mixture can be described by using an equivalent void ratio
which takes into account the non-plastic fine participation
ratio in the soil-bearing skeleton. Belkhatir, Schanz, and Arab
(2013) investigated the effects of fines content and various
void ratios on the undrained shear strength and the hydraulic
conductivity of sand-silt mixtures. Many researchers have
shown that non-plastic fines tend to increase the contractive-
ness of sands, thus increasing positive pore water pressure
generation (Sladen, D’hollander, and Krahn 1985; Troncoso
and Verdugo 1985; Lade and Yamamuro 1997;
Thevanayagam 1998; Thevanayagam et al. 2002; Ni et al.
2004; Murthy et al. 2007), while others have reported that
non-plastic fines will increase the dilative tendency of the
mixture, resulting in the generation of more negative pore
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water pressure (Seed, Idriss, and Arango 1983; Tokimatsu and
Yoshimi 1983; Kuerbis, Negussey, and Vaid 1988; Pitman,
Robertson, and Sego 1994).

Taking everything mentioned above into account, there
are not only contradictory results and views about the
behaviour of sandy silt, but previous studies have mostly
focused on silty sand and the effect of silt addition on
sand behaviour, and the behaviour of sand addition to silt
or sandy silt rarely has been investigated. In this regard,
the main objectives of this study are, first, further inves-
tigating the influence of silt existence on the behaviour
and undrained shear strength of loose sand and, second,
investigating the effect of large amounts of silt or sandy
silt by using common triaxial shear test.

Materials used

In this work, Firoozkooh No. 161 sand and non-plastic
Firoozkooh silt (PM) were used in experiments. According
to the Unified Soil Classification System (USCS), this sand is
graded as poor sand (SP) with uniform distribution.

Individual sand particles are sub-angular to sub-rounded
and predominant mineral is silica (Sio2). Figure 1 shows
microscopic photographs (SEM) of the sand and silt. All
tests were conducted with seven sand-silt mixtures defined
by dry weight: sand was mixed with 0–80% silt to obtain
different fines contents (FC). Based on the (ASTM-D422)
method, the results of the grain size distribution curve for
all of the sand-silt mixtures are shown in Figure 2.

The basic physical properties of the sand-silt mixtures are
listed in Table 1. The specific gravity test (Gs) of sand and
sand-silt mixture was conducted in accordance with (ASTM-
D854). Despite their limitation to 15% fines content, (ASTM-
D4253) and (ASTM-D4254) were used to obtain the mini-
mum and maximum void ratio index (emin and emax), respec-
tively. According to the Table 1, increasing the silt content
from 0% to 80% alters the classification of sand-silt mixtures
from poorly graded sand (SP) to non-plastic silt (ML). The
variation of emax (maximum void ratio corresponding to the
loosest state of the mixture), emin (minimum void ratio cor-
responding to the densest state of the mixture) and eDR30
(void ratio corresponding to the relative density of mixture

(b)(a)

Figure 1. Microscopic photographs (SEM) of the (a) silt and (b) sand.

Figure 2. Grain size distribution curves of sand-silt mixtures.
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equal to 30%) versus the fines content (FC) is given in
Figure 3. It is clear from this figure that the two main indices
initially decrease with the increase in the fines content until
reaching a minimum value at a limited silt content, then, they
increase with a further increase in the amount of fines. This
limited fine content is about 20% and 30% for maximum and
minimum void ratio, respectively. The limit point reached at
20% or 30% depending on the low or non-plastic silt content,
respectively (Koester 1994; Polito, and Martin 2001). With a
silt content less than this limited content, the structure was
dominated by sand, and once this value was surpassed, the
structure was converted to silt dominated (Hsiao and Phan
2014). Note that the sensitivity of maximum void ratio to
fines content is more than minimum void ratio. In other
words, the effect of altering the silt content in the mixture
on minimum void ratio or the densest state of soil is lower in
comparison with the loosest state related to applying energy.

Sample preparation and tests

The aim of this study is to determine the behaviour and shear
strength parameters of loose sand-silt mixtures at undrained
situation. For sample preparation, dry sand and silt were
mixed in the selected weight ratio. Three sample reconstitu-
tion methods have been elaborated for utilizing in the labora-
tory, for example moist tamping, dry funnel pluviation and
water sedimentation. Dry pluviation deposition method tends
to reproduce the field performance well as shown by Vaid,

Sivathayalan, and Stedman (1999). The specimens were pre-
pared through the dry pluviation method, which simulates
field soil condition and performed in layers to reach the
relative density of 30%. Variation of the initial void ratio of
soil samples with varying silt content is given in Figure 3. The
diameter and height of the specimens were 5 cm and 10 cm,
respectively. The same initial relative densities (Dr = 30%)
were maintained during test preparation, while the initial
void ratio was different in all samples. After the specimen
was formed, a partial vacuum of 5–10 kPa was applied to the
specimen to reduce the disturbances. The dry specimen was
subsequently saturated with varied duration of flowing car-
bon dioxide (CO2) which continued for at least 1 h for
FC = 80% specimens. Then, de-aired water was allowed to
flow through the specimen from the bottom to the top until
an amount equal to twice of void volume of the specimen was
collected through the specimen’s upper drain line. The
Skempton’s coefficient B was 0.95 or greater at the end of
the saturation process with a backpressure of 200 kPa. A
confining pressure was applied to the specimens for the con-
solidation stage. During isotropic consolidation, the differ-
ence between the confining pressure and the backpressure
was set up so that the effective consolidation pressure was
fixed at 50, 100, 150 and 300 kPa for each type of specimen.
All the specimens for this study were sheared at a constant
strain rate of 0.5 mm per minute, which was slow enough to
allow pore pressure changes to be equalized throughout the
sample with the pore pressure measured at the top of the

Table 1. Basic physical properties of the sand-silt mixtures.

eDr30 Dr(%) emax emin (Cu) D50 (mm) D10 (mm) Gs FC (%) USCS Material

777/0 30 868/0 565/0 688/1 23/0 16/0 .67/2 0 SP Sand
735/0 853/0 459/0 333/3 22/0 075/0 10 SP-SM Silty sand
688/0 825/0 369/0 565/9 20/0 023/0 20 SM
781/0 979/0 320/0 111/21 16/0 009/0 40 SM
002/1 275/1 364/0 15 054/0 005/0 68/2 60 ML Sandy silt
231/1 579/1 418/0 25/11 032/0 004/0 80 ML
460/1 880/1 480/0 857/8 023/0 0035/0 100 ML Silt

USCS = Unified Soil Classification System, FC = Fines Content, Gs = specific gravity, D10 = effective grain diameter, D50 = mean grain size, Cu = coefficient of
uniformity, emin = minimum void ratio index, emax = maximum void ratio index, Dr = relative density, eDr30 = void ratio at Dr = 30%

Figure 3. Variation of the index void ratios of sand-silt mixtures versus fines content.
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sample. All the tests continued up to 20% axial strain. The
results of the undrained monotonic compression triaxial tests
are presented below.

Test results and discussions

Due to the differences in the behaviour of various mixtures,
stress-strain results are presented in two parts.

Silty sand

Figure 4 shows the results of the undrained monotonic com-
pression triaxial tests carried out on sand samples having
fines content from 0% to 40%, which according to UCSC
system are graded as silty sand, with relative density equal
to 30%. Confining pressures are also shown in the figure for
specimens. We notice in general that the pattern of stress-
strain and excess pore water pressure curves are completely
influenced by the silt content, however effective confining
pressure has a minor effect on these patterns. The clean

sand specimen shows more dilative behaviour. At first, by
generating small positive pore water pressure it displays con-
tractive behaviour, then by generating large negative pore
water pressures, it shows dilative behaviour. The point of
transition from contractive to dilative is called the phase
transformation point (PT). Addition of a small amount of
silt (about 10 per cent) leads to a decrease in the potential of
dilative behaviour, but it still displays dilation and negative
excess pore water pressure. Adding 20 per cent silt to the host
sand causes different response in the behaviour, so that the
specimen tends to contract and generate positive excess pore
water pressure, though at the end of test some negligible
dilative behaviour can be observed in low confining pressures.
The potential of dilative behaviour and negative excess pore
water pressure generation decreases by increasing confining
pressure; nevertheless, the general pattern is similar for all
confining pressures. Stress-strain behaviour also confirms the
changes in the excess water pore pressure. As a result of
negative excess pore pressure more hardening behaviour is
seen in clean sand specimen, although it displays yielding

Figure 4. Undrained behaviour of silty sand (stress-strain curve and excess pore water pressure versus strain).
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state at first. As can be seen in Figure 4, the increase of 10%
low plastic fines changes the behaviour pattern to some
extent, but this mixture’s behaviour is similar to clean sand,
continuously gaining strength with strain. Presence of 20%
silt induces a significant decrease in strength and changes the
pattern, and depending on the rate of excess pore pressure
changes, the specimen gains strength slowly until the end of
loading. When the silt content increases from 20% to 40%,
the stress-strain and excess pore pressure graphs follow the
same pattern. Increasing confining pressure causes the beha-
viour patterns to get closer, in other words, large confining
pressures lessen the effect of fine additives on the stress-strain
curve.

Sandy silt

Figure 5 shows the change of deviator stress and the
excess pore pressure with increasing in axial strain for
loose mixtures with 60% and 80% silt contents. The
results corresponding to 40% silt content are also shown

in figures for comparison. According to this figure, when
the silt content is greater than 40%, there is little differ-
ence among the patterns of excess pore pressure changes,
though this difference also decreases with increasing the
confining pressure. For all confining pressures, sand-silt
mixture with 80% silt content show the most strength.
The strength of mixtures with 40% and 60% silt content
are close to each other and in various confining pressures,
some displacement between them are observed. It means
that the least strength of sand-silt mixtures occurs when
the silt content is between 40% and 60% and with further
increasing in the silt content the strength increases as
well. As previously mentioned, the void ratio limit point
of this mixture is about 20%–30%, thus the minimum
values of both the maximum and minimum void ratios
were reached. According to triaxial test results, with silt
content above this limit point, the behaviour pattern of
mixture changes, but the least value of strength does not
necessarily occur in the limit point. The soil behaviour
begins to change in this limit point, whereas before that

Figure 5. Undrained behaviour of sandy silt (stress-strain curve and excess pore water pressure versus strain).
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silt does not significantly affect the force chain between
the sand grains. Once the limit point was passed, fines are
located between the coarser particles, and coarse grain-to-
grain contacts decrease, and with a more contractive
tending and generating positive excess pore pressure,
strength reduction still continues. Sitharam, Dash, and
Jakka (2013) conducted a series of undrained triaxial
shear tests on the liquefied specimens after dissipation
of excess pore pressure. They reported that the minimum
value of strength was reached at the limiting silt content
which is about 30%, and thereafter, it reverses its decreas-
ing trend. They explain that the reason behind strength
reduction until the limiting fines is the looseness of the
specimen which is caused by decreasing the relative den-
sity while the void ratio is maintained the same for all
mixtures. However, after the limiting silt content, the
cause of the opposite trend is the change in the contact
force chain mechanism. Silt dominates sand particles at a
higher percentage of fines content beyond the limiting silt
content and participates in the internal contact force
chain. Besides, the minimum and maximum void ratios
of fines content increase more than those of the limit
point, so that, in order to maintain the same void ratio
for sand-silt mixtures the specimen needs to be com-
pacted more, resulting in denser packing and the
increases in strength. In this study, all experiments were
conducted with constant relative density and conse-
quently different void ratios. Also, the minimum strength
was not observed for the specimens containing the limit-
ing silt content but strength gain beyond fines content
(more than 50%) has been reported by Hsiao et al.
(2015).

Effective stress path (q-p’)

The corresponding effective stress paths in the form of (q, p’),
where q is the deviator stress and p’ is the effective mean
principal stress σ

0
1 þ 2σ

0
3

� �
=3, are presented in Figures 6 and

7. According to the changes in excess pore pressure, the
increase in the amount of non-plastic fines, by increasing the
soil compressibility, causes excess pore pressure to be more
positive. This causes a reduction in the average effective pres-
sure and consequently a decrease in the peak shear strength of
the mixtures. Figure 6 shows the role of the fines in decreasing
the average effective pressure and the maximum deviator stress
of silty sand in the stress path (p’, q) plane. According to
Figure 7 which illustrates the stress path of the sandy silt,
these mixtures follow a close path. By comparing these figures,
it can be seen that, in general, the behaviour of silty sand and
sandy silt is mainly dilative and contractive, respectively.

Shear strength

Undrained shear strength versus the effective mean principal
stress plots corresponding to the end of loading are presented in
Figure 8. The critical state (CS) line in the q-p’ plane is represented
well by a straight line passing through the origin of Figure 8
through a linear function of the form:

q ¼ MCSp
0 (1)

n which MCS is a constant equal to the stress ratio at critical
state. The critical state internal friction angle ϕcs can be
extracted from the stress ratio at critical state by the following
equation:

Figure 6. Deviator stress versus effective mean pressure, stress path (q-p’), of silty sand.
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sin φCS ¼
3MCS

6þMCS
(2)

The values for the critical state internal friction angle ϕcs
and stress ratio at the critical state MCS for different silt
content are summarized in Table 2. The critical state
internal friction angle of the mixtures increases with
increasing the non-plastic silt content which confirms
the results provided by other researchers (Salgado,
Bandini, and Karim 2000; Carraro, Bandini, and Salgado
2003; Murthy et al. 2007). Sladen, D’hollander, and Krahn
(1985) showed that Nerlerk sand with 12% fines has a φcs
that is 4% higher than that of clean Nerlerk sand. Ni
et al. (2004) showed that the addition of 9% non-plastic

silt to the host sand results in a 2.5% increase on average
in φcs . Murthy et al. (2007) reported that the addition of
5%, 10% and 15% silt in the sand leads to an increase in
φcs by 1%, 5% and 14% respectively.

Figure 7. stress versus effective mean pressure, stress path (q-p’), of sandy silt.

Figure 8. Undrained shear strength versus the effective mean principal stress at critical state.

Table 2. Critical state parameters and their changes duo to the addition of silt to
sand.

FC MCS ;CS Δ;CS %ð Þ
0 1.338 33.16 0
10 1.422 35.08 5.8
20 1.540 37.79 14
40 1.683 41.08 23.9
60 1.710 41.71 25.8
80 1.787 43.51 31.2

INTERNATIONAL JOURNAL OF GEOTECHNICAL ENGINEERING 7



An increase in φcs with increasing silt content can be
understood physically by recognizing that the presence of
relatively small amounts of silt between the sand grains
improves the shear strength at critical state, thus increas-
ing the value of φcs, because of the wedging effect the
angular silt particles. The more angular the silt particles,
and the more rounded the sand particles, the larger the
contribution of the silt to the φcs (Murthy et al. 2007).

Figure 9 shows the variation of the final excess pore
water pressure versus corresponding effective mean prin-
cipal stress. Figure 9(a) shows the effect of confining
pressure on the final values of Δu-p’ and Figure 9(b)
clearly shows the role of the fines in different confining
pressures. The following expression is suggested to eval-
uate the final excess pore water pressure which is a func-
tion of effective mean principal stress.

Δufinal ¼ A p0final
� �

þ B (3)

Tables 3 and 4 illustrate the coefficients of A, B and the
corresponding coefficient of regression (R2) for Figure 9.

Effect of fines content on the shear strength

Figure 10 shows the variation of the shear strength of sand-
silt mixture versus silt content. As it can be seen in Figure 10,
while the silt content is less than 40%, the shear strength of
the sand-silt mixtures (qmax) of all confining pressures
decreases. This value is almost constant when the silt content

(b)(a)

Figure 9. Final excess pore pressure versus effective mean principal stress (a) at different confining pressure 50–300 kPa, (b) at various fine contents 0–80%.

Table 3. Coefficients of Equation (3) for Figure 9(a).

σc A B R2

50 −0.546 52.236 0.998
100 −0.559 106.3 0.999
150 −0.547 157.37 0.999
300 −0.594 354.5 0.988

Figure 10. Shear strength variation versus fines content at various confining pressures.

Table 4. Coefficients of Equation (3) for Figure 9(b).

FC A B R2

0 0.159 −412.57 0.677
10 0.755 −693.29 0.925
20 0.191 −33.532 0.713

40–80 0.773 21.19 0.986
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is between 40% and 60% and beyond this content, it slightly
increases. In this laboratory experiment, with the increase of
fines content of all confining pressures, the shear strength
decreases polynomially. Belkhatir, Schanz, and Arab (2013)
reported a linear decrease in the variation of shear strength
with silt content.

Effect of fines content on the excess pore pressure

Figure 11 shows the variation of the excess pore pressure at
phase transformation (PT) point and the end of experiment
versus fines content for various confining pressures. It is seen
from Figure 11(b) that, although there is some variation in
pore water pressure at PT point at first and it increases up to
silt content (equal to 10%) and then decreases up to silt
content of 20%, in general there are no significant changes
in the excess pore pressure. According to Figure 11(a), as the
silt content and soil compressibility increase the final excess
pore pressure gets more positive values. At confining pressure
100 kPa, the final excess pore pressure reaches zero when the
silt content is 20%. Beyond this value, sand-silt mixture shows
no dilative behaviour with positive excess pore pressure. For
fines content above almost 40%, fines content has no signifi-
cant effect on pore pressure value. Furthermore, at higher
confining pressures final positive excess pore pressure values
increase.

The following expression is suggested to evaluate the final
excess pore pressure which is a function of fines content for
different confining pressures:

Δufinal ¼ A Fcð Þ2 þ B Fcð Þ þ C (4)

Table 5 illustrates the coefficients A, B, C and the correspond-
ing coefficient of regression (R2) for the applied confining
pressures.

Relationship between excess pore pressure and shear
strength

Figure 12 shows the variation of the undrained shear strength
(qmax) versus the final excess pore pressure (Δufinal) at various
fines content. According to this figure, the presence of silt and
the difference in mixture particle size distribution lead to
change in both pore water pressure and soil shear strength
values. There is a relatively high degree of correlation between
these values and regardless of the soil mixture the shear
strength decreases linearly with the increase of the excess
pore water pressure. This expression is as follows:

qmax ¼ A� B Δufinal
� �

(5)

Table 6 illustrates the coefficients A, B and the corresponding
coefficient of regression (R2) for the applied confining
pressures.

(b) (a) 

Figure 11. Excess pore pressure versus fines content at (a) final point, (b) phase transformation point.

Table 5. Coefficients of Equation (5) for Figure 11(a).

σc A B C R2

50 −0.1138 13.381 −318.89 0.93
100 −0.123 14.37 −303.85 0.92
150 −0.1353 15.565 −292.79 0.94
300 −0.1353 16.195 −238.55 0.98

Table 6. Coefficients of Equation (6) for Figure 12.

σc A B R2

50 126/54 5/532 0/99
100 280/17 2/329 0/99
150 406/29 2/511 0/99
300 867/88 1/983 0/98

Figure 12. undrained shear strength versus excess pore water pressure at
various fines contents.
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Conclusion

A series of undrained monotonic triaxial compression tests
were performed on sand-silt mixture with non-plastic silt
contents ranging from 0% to 80%. In light of the experimen-
tal results, the following conclusions can be drawn:

● The analysis of the obtained data revealed that the
presence of low plastic fines has a significant influ-
ence on the shear strength and generation of the
excess pore water pressure. Upon the whole, the
clean sand specimen showed dilative behaviour.
Increasing silt content caused the specimen to show
less dilation by generating more positive excess pore
water pressure. Sand-silt samples with more than
40% fines content exhibited more than 100% final
excess pore water pressure increase, when compared
to loose sand without fines.

● The undrained shear strength changes polynomially with
the increase in fines content. It decreases as the fines content
increases up to 40%. For silt content between 40% and 60%,
the undrained shear strength is almost constant. Beyond
this value it increases with increasing silt content.

● An increase in the non-plastic fines content of the sand
leads to an upward shift of the critical-state line and also
to an increase in the critical state friction angle.

● The excess pore water pressure of the sand-silt mixtures
at the end of experiment also increases polynomially
with the increase of fines content. It was also noticed
that the excess pore pressure at phase transformation
point does not show obvious variation in the range of
the fines contents tested.

● The undrained shear strength decreases linearly with the
increase in the final excess pore water pressure. There is
a relatively high degree of correlation between them for
the range of fines content under consideration.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes on contributors

Akram Karimian is currently a PhD candidate in the department of
Civil Engineering, specializing in Geotechnical Engineering under the
supervision of Dr. Mahmoud Hassanlourad. Before starting her PhD,
Akram received her Master’s degree in Geotechnical Engineering from
the University of Guilan in 2011. Akram’s previous research was sto-
chastic modeling of soil and its effect on bearing capacity under the
supervision of Dr. Reza Jamshidi Chenari. She is currently working on
biocementation of soils, with the hope of understanding its fundamental
science and improving soil strength properties.

Mahmoud Hassanlourad is currently associate professor in the depart-
ment of Civil Engineering in the Imam Khomeini international
University. He received Master’s and PhD degrees in Geotechnical
Engineering from the Iran University of Science and Technology in
2003 and 2008 respectively. His main research topics are classic soil
mechanics, soil improvement, marine geotechnics, geo–environmental
engineering and artificial intelligence. He has supervised more than 20

master degree theses. He has published more than 30 journal papers and
more than 30 conference papers about the mentioned topics.

ORCID

Akram Karimian http://orcid.org/0000-0002-9801-9062

References

ASTM-D422. 2007. Standard Test Method for Particle-Size Analysis of
Soils, Annual Book of ASTM Standards: ASTM International. West
Conshohocken, PA.

ASTM-D4253. 2006. Standard Test Methods for Maximum Index Density
and Unit Weight of Soils Using a Vibratory Table, Annual Book of
ASTM Standards: ASTM International.

ASTM-D4254. 2006. Standard Test Methods for Minimum Index Density and
Unit Weight of Soils and Calculation of Relative Density, Annual Book of
ASTM Standards: ASTM International. West Conshohocken, PA.

ASTM-D854. 2010. StandardTestMethods for Specific Gravity of Soil Solids by
Water Pycnometer, Annual Book of ASTMStandards: ASTM International.
West Conshohocken, PA.

Belkhatir, M., T. Schanz, and A. Arab. 2013. “Effect of Fines Content and
Void Ratio on the Saturated Hydraulic Conductivity and Undrained
Shear Strength of Sand–Silt Mixtures.” Environmental Earth Sciences
70 (6): 2469–2479. doi:10.1007/s12665-013-2289-z.

Seed, HB, IM Idriss, and I Arango. 1983. “Evaluation of Liquefaction
Potential Using Field Performance Data.” Journal of Geotechnical
Engineering 109 (3): 458–482. doi:10.1061/(ASCE)0733-9410(1983)
109:3(458).

Boulanger, R. W., and I. M. Idriss. 2006. “Liquefaction Susceptibility
Criteria for Silts and Clays.” Journal of Geotechnical and
Geoenvironmental Engineering 132 (11): 1413–1426. doi:10.1061/
(ASCE)1090-0241(2006)132:11(1413).

Carraro, J. A. H., P. Bandini, and R. Salgado. 2003. “Liquefaction
Resistance of Clean and Nonplastic Silty Sands Based on Cone
Penetration Resistance.” Journal of Geotechnical and
Geoenvironmental Engineering 129 (11): 965–976. doi:10.1061/
(ASCE)1090-0241(2003)129:11(965).

Chang, N. Y., S. T. Yeh, and L. P. Kaufman. 1982. “Liquefaction Potential of
Clean and Silty Sands.” Paper presented at the Proceedings of the Third
International Earthquake Microzonation Conference. Seattle, USA.

Hsiao, D. H., and T. A. V. Phan. 2014. “Effects of Silt Contents on the
Static and Dynamic Properties of Sand-Silt Mixtures.” Geomechanic
and Engineering 7 (3): 297–316. doi:10.12989/gae.2014.7.3.297.

Hsiao, D.-H., V. T.-A. Phan, Y.-T. Hsieh, and H.-Y. Kuo. 2015.
“Engineering Behavior and Correlated Parameters from Obtained
Results of Sand–Silt Mixtures.” Soil Dynamics and Earthquake
Engineering 77: 137–151. doi:10.1016/j.soildyn.2015.05.005.

Ishihara, K. 1993. “Liquefaction and Flow Failure during Earthquakes.”
Geotechnique 43 (3): 351–451. doi:10.1680/geot.1993.43.3.351.

Kim, D., M. Sagong, and Y. Lee. 2005. “Effects of Fine Aggregate
Content on the Mechanical Properties of the Compacted
Decomposed Granitic Soils.” Construction and Building Materials 19
(3): 189–196. doi:10.1016/j.conbuildmat.2004.06.002.

Koester, J. P. 1994.” The Influence of Fines Type and Content on Cyclic
Strength.” Paper presented at the Ground failures under seismic
conditions. doi: 10.3168/jds.S0022-0302(94)77044-2.

Kuerbis, R., D. Negussey, and Y. P. Vaid. 1988. “Effect of Gradation and
Fines Content on the Undrained Response of Sand.” Paper presented at
the Hydraulic fill structures. doi: 10.3168/jds.S0022-0302(88)79586-7.

Lade, P. V., and J. A. Yamamuro. 1997. “Effects of Nonplastic Fines on
Static Liquefaction of Sands.” Canadian Geotechnical Journal 34 (6):
918–928. doi:10.1139/t97-052.

Maleki, M., A. Ezzatkhah, M. Bayat, and M. Mousivand. 2011. “Effect
of Physical Parameters on Static Undrained Resistance of Sandy
Soil with Low Silt Content.” Soil Dynamics and Earthquake
Engineering 31 (10): 1324–1331. doi:10.1016/j.soildyn.2011.05.003.

10 A. KARIMIAN AND M. HASSANLOURAD

https://doi.org/10.1007/s12665-013-2289-z
https://doi.org/10.1061/(ASCE)0733-9410(1983)109:3(458)
https://doi.org/10.1061/(ASCE)0733-9410(1983)109:3(458)
https://doi.org/10.1061/(ASCE)1090-0241(2006)132:11(1413)
https://doi.org/10.1061/(ASCE)1090-0241(2006)132:11(1413)
https://doi.org/10.1061/(ASCE)1090-0241(2003)129:11(965)
https://doi.org/10.1061/(ASCE)1090-0241(2003)129:11(965)
https://doi.org/10.12989/gae.2014.7.3.297
https://doi.org/10.1016/j.soildyn.2015.05.005
https://doi.org/10.1680/geot.1993.43.3.351
https://doi.org/10.1016/j.conbuildmat.2004.06.002
https://doi.org/10.3168/jds.S0022-0302(94)77044-2
https://doi.org/10.3168/jds.S0022-0302(88)79586-7
https://doi.org/10.1139/t97-052
https://doi.org/10.1016/j.soildyn.2011.05.003


Murthy, T. G., D. Loukidis, J. A. H. Carraro, M. Prezzi, and R. Salgado.
2007. “Undrained Monotonic Response of Clean and Silty Sands.”
Geotechnique 57 (3): 273–288. doi:10.1680/geot.2007.57.3.273.

Ni, Q., T. S. Tan, G. R. Dasari, and D. W. Hight. 2004. “Contribution of
Fines to the Compressive Strength of Mixed Soils.” Geotechnique 54
(9): 561–569. doi:10.1680/geot.2004.54.9.561.

Pitman, T. D., P. K. Robertson, and D. C. Sego. 1994. “Influence of Fines
on the Collapse of Loose Sands.” Canadian Geotechnical Journal 31
(5): 728–739. doi:10.1139/t94-084.

Polito, C. P., and JR. Martin II. 2001. “Effects of Nonplastic Fines on the
Liquefaction Resistance of Sands.” Journal of Geotechnical and
Geoenvironmental Engineering 127 (5): 408–415. doi:10.1061/(ASCE)
1090-0241(2001)127:5(408).

Polito, C. P. 1999. “The effects of non-plastic and plastic fines on the
liquefaction of sandy soils.” PhD diss., Virginia State University.

Salgado, R., P. Bandini, and A. Karim. 2000. “Shear Strength and
Stiffness of Silty Sand.” Journal of Geotechnical and
Geoenvironmental Engineering 126 (5): 451–462. doi:10.1061/(ASCE)
1090-0241(2000)126:5(451).

Sitharam, T. G., H. K. Dash, and R. S. Jakka. 2013. “Postliquefaction
Undrained Shear Behavior of Sand-Silt Mixtures at Constant Void
Ratio.” International Journal of Geomechanics 13 (4): 421–429.
doi:10.1061/(ASCE)GM.1943-5622.0000225.

Sladen, J. A., R. D. D’hollander, and J. Krahn. 1985. “The Liquefaction of
Sands, a Collapse Surface Approach.” Canadian Geotechnical Journal
22 (4): 564–578. doi:10.1139/t85-076.

Thevanayagam, S. 1998. “Effect of Fines and Confining Stress on
Undrained Shear Strength of Silty Sands.” Journal of Geotechnical
and Geoenvironmental Engineering 124 (6): 479–491. doi:10.1061/
(ASCE)1090-0241(1998)124:6(479).

Thevanayagam, S., and S. Mohan. 2000. “Intergranular State Variables
and Stress–Strain Behavior of Silty Sands.” Geotechnique 50 (1): 1–23.
doi:10.1680/geot.2000.50.1.1.

Thevanayagam, S., K. Ravishankar, and S. Mohan. 1996. “Steady-State
Strength, Relative Density, and Fines Content Relationship for

Sands.” Transportation Research Record: Journal of the
Transportation Research Board, no. 1547: 61–67. doi:10.3141/
1547-09.

Thevanayagam, S., T. Shenthan, S. Mohan, and J. Liang. 2002.
“Undrained Fragility of Clean Sands, Silty Sands, and Sandy Silts.”
Journal of Geotechnical and Geoenvironmental Engineering 128 (10):
849–859. doi:10.1061/(ASCE)1090-0241(2002)128:10(849).

Thian, S. Y., and C. Y. Lee. 2011. “Undrained Response of Mining Sand
with Fines Contents.” International Journal of Civil and Structural
Engineering 1 (4): 844.

Tokimatsu, K., and Y. Yoshimi. 1983. “Empirical Correlation of Soil
Liquefaction Based on SPT N-Value and Fines Content.” Soils and
Foundations 23 (4): 56–74. doi:10.3208/sandf1972.23.4_56.

Troncoso, J. H., and R. Verdugo. 1985. “Silt Content andDynamic Behavior of
Tailing Sands.” Paper presented at the Proc, XI Int. Conf. on SoilMechanics
and Foundation Engineering. San Francisco, USA.

Vaid, Y. P., S. Sivathayalan, and D. Stedman. 1999. “Influence of Specimen-
Reconstituting Method on the Undrained Response of Sand.”
Geotechnical Testing Journal 22 (3): 187–195. doi:10.1520/GTJ11110J.

Vaid, Y. P. 1994. Liquefaction of Silty Soils. Paper presented at the
Ground failures under seismic conditions. doi: 10.3168/jds.S0022-
0302(94)77044-2.

Yamamuro, J. A., and K. M. Covert. 2001. “Monotonic and Cyclic
Liquefaction of Very Loose Sands with High Silt Content.” Journal
of Geotechnical and Geoenvironmental Engineering 127 (4): 314–324.
doi:10.1061/(ASCE)1090-0241(2001)127:4(314).

Yang, S. L., R. Sandven, and L. Grande. 2006. “Instability of Sand–Silt
Mixtures.” Soil Dynamics and Earthquake Engineering 26 (2): 183–
190. doi:10.1016/j.soildyn.2004.11.027.

Yoshimine, M., and R. Koike. 2005. “Liquefaction of Clean Sand with
Stratified Structure Due to Segregation of Particle Size.” Soils and
Foundations 45 (4): 89–98. doi:10.3208/sandf.45.4_89.

Zlatović, S., and K. Ishihara. 1995. On the Influence of Nonplastic Fines
on Residual Strength. Paper presented at the First International
Conference on Earthquake Geotechnical Engineering. Tokyo, Japan.

INTERNATIONAL JOURNAL OF GEOTECHNICAL ENGINEERING 11

https://doi.org/10.1680/geot.2007.57.3.273
https://doi.org/10.1680/geot.2004.54.9.561
https://doi.org/10.1139/t94-084
https://doi.org/10.1061/(ASCE)1090-0241(2001)127:5(408)
https://doi.org/10.1061/(ASCE)1090-0241(2001)127:5(408)
https://doi.org/10.1061/(ASCE)1090-0241(2000)126:5(451)
https://doi.org/10.1061/(ASCE)1090-0241(2000)126:5(451)
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000225
https://doi.org/10.1139/t85-076
https://doi.org/10.1061/(ASCE)1090-0241(1998)124:6(479)
https://doi.org/10.1061/(ASCE)1090-0241(1998)124:6(479)
https://doi.org/10.1680/geot.2000.50.1.1
https://doi.org/10.3141/1547-09
https://doi.org/10.3141/1547-09
https://doi.org/10.1061/(ASCE)1090-0241(2002)128:10(849)
https://doi.org/10.3208/sandf1972.23.4_56
https://doi.org/10.1520/GTJ11110J
https://doi.org/10.3168/jds.S0022-0302(94)77044-2
https://doi.org/10.3168/jds.S0022-0302(94)77044-2
https://doi.org/10.1061/(ASCE)1090-0241(2001)127:4(314)
https://doi.org/10.1016/j.soildyn.2004.11.027
https://doi.org/10.3208/sandf.45.4_89

	Abstract
	Introduction
	Materials used
	Sample preparation and tests
	Test results and discussions
	Silty sand
	Sandy silt
	<italic>Effective stress path (</italic>q-p<italic>’)</italic>
	Shear strength
	Effect of fines content on the shear strength
	Effect of fines content on the excess pore pressure
	Relationship between excess pore pressure and shear strength

	Conclusion
	Disclosure statement
	Notes on contributors
	ORCID
	References



