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ABSTRACT

Silty sand soils are largely found in nature in varying
proportions with sand and silt. The characteristics of
clean sands concerning the shear strength have been
studied extensively; however in the field sands are
mixed with appreciable amount of silt or clay. Individual
shear strength behaviour of silt as macro constituent
has always remained embedded under the availability
of two different soils, i.e. sandy and clayey soils. A
major understanding in the last decade with respect to
the behaviour of silty soils has led to important research
activities in this field. One of the most specific features
of silty soils is their low saturation strength, which has
resulted in settlement of many structures constructed
on them after years of construction. This paper presents
the characterization of the engineering behaviour of
sand containing different amounts of silt. A laboratory
investigation has been conducted to study the effect
of varying low plastic silt (IP = 5) on the shear strength
characteristics of Chlef sand (Algeria). For this purpose,
a series of drained and undrained monotonic triaxial
compression tests were performed on reconstituted
saturated silty sand samples with several different silt
contents ranging from 0 to 50% within three separate
density ranges ( Dr = 12, 50, 90%). The results show that
the stress-strain response and shear strength behaviour
is controlled by the percentage of fines and the

sample becomes contractive for all densities studied.

Keywords: Fines content, Shear strength, Friction angle,
Drained test, Undrained tests.

1. Introduction

The shear strength behaviour of natural soils depends
on the size shape, grains arrangement, interparticle
contact and interactions at the particulate level. The
stress-strain behaviour and the shear strength that silty
sand soils can offer under different loading condition
are dictated by the different types and sizes of grains
within the soil matrix in the transfer of interparticle
contact stresses. Traditionally, Soil Mechanics has
broadly classified this soil in two classes, fine grained
and coarse grained soils. Nevertheless this classification
has lost the thrust and identity with growing soil
mechanics challenges and with different types of soils
encountered in the nature. The characteristics of clean
sands have been extensively studied under different
experimental conditions. These are Ottawa, Ticino,
Monterey and Yamuna sands (Hardin 1978; Chung et al.
1984; Bolton 1986; Lo Presti 1987; Mishra 1981; Dalwadi
1990). However natural soils most of the time contain

important quantity of fines. The results obtained from
several years of research on clean sands could not be
used directly for these soils. If realistic analyses are to be
done of soil mechanics problems involving these these
materials, information is needed about shear strength
characteristics of such natural mixes of soils. The
behaviour of such granular mixes has received recent
more detailed study (Kuerbis et al. 1988; Pitman et al.
1994; Thevanayagam 1998; Thevanayagam and Mohan
2000; Yamamuro and Covert 2001; Naeini and Baziar
2004).

Silty soils are termed as transitional soils due to their
inherent characteristics pertinent to sand as well as to
clay, which is the underlying reason because of which it
isseen thatits individual behaviour as macro-constituent
has not been a subject of much detailed study. Over 50
yearsago, Terzaghi (1956) hypothesized thatsilt particles
could create a “metastable” particle structure that
could explain many complex geotechnical phenomena.
On of the key properties of silty soils is their inherent
instability, particularly when water content is increased
with a tendency to become quick when saturated. It
therefore requires a greater understanding of the soil
microstructure and contribution of soil particles of
different size to its shear strength response. This study
presents the analysis of drained and undrained stress-
strain behaviour and shear strength on saturated sand-
silt mixture that is representative of silty sand found
around Chlef region.

2. Experimental program and test
procedure

In this paper, we present a laboratory study on the
behaviour of a mixture sand-silt. For this purpose,
series of undrained and drained triaxial compression
tests under monotonic loading condition were carried
out on reconstituted saturated samples of Chlef sand
with variation in non-plastic silt content ranging from
0 to 50% to assess the variation in shear strength
characteristics and stress-strain behaviour. The sand and
silt used in this laboratory investigation were obtained
by the dry sieve analysis and wet sieve analysis. The
physical properties of the soils used during this study
are summarized in table 1. The grain size distribution
curves for the tested soils are shown in Figure 1. The
variation of emax and emin versus the fines content is
illustratedin Figure 2. Monotonicdrained and undrained
compression tests were carried out on isotropically
consolidated sand samples with 0, 10%, 20%, 30%, 40%
and 50% non-plasticsilt. The different soil ratio samples
are designated as S100MO0, S90M10, S80M20, S70M30,
S$60M40 and S50M50, where S represents sand and M
silt and numbers represent their respective percentage
were tested at an initial confining pressure of 100 kPa.
All specimens were prepared by first estimating the dry
weights of sand and silt needed for a desired proportion
into the loosest, medium and densest state (Dr = 12, 50,
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and 90%) using undercompaction method of sample
preparation which simulates a relatively homogeneous
soil condition and is performed by compacted dry soil
in layers to a selected percentage of the required dry

unit weight of the specimen (Ladd 1978). Dry pluviation B e e SRR
method was used to prepare samples. The specimens F -
were 70 mm in diameter and 70 mm in height in order o] - 3
to ovoid the appearance of instability lines (sliding u ]
surfaces) and buckling of samples. After the specimen 120 E
has been formed, the specimen cap is placed and sealed sive: E & This stud g
with O-rings, and a partial vacuum of 25 kPa is applied i . & of E
to the specimen to reduce the disturbances. Saturation oso L ® o o / 3
was performed by percolating carbon dioxide and then i : T —¢ “ *
de-aired water from the base of the specimen and a 0.00 |- . =
minimum Skempton coefficient-value greater than c*ee - E
0.96 was obtained at back pressure of 100 kPa. All test 040 |- —e E
specimens were isotropically consolidated at mean » ]
effective pressure of 100 kPa, and then subjected to e =
undrained and drained monotonic triaxial loading with i P A S S i I 5

o
-
8
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a constant strain rate of 0.167% per minute.
Fines Content (%)

Figure 2: Maximal and Minimal void ratios of the
sand-silt mixtur

Material Silt Content (%) | Gg  [Dg(mm)| Cy | Cmin | Conux | 1(%)
Clean Sand 0 2680| 036 | 235/0.535]0.854
10 2682 - |- |0472]0.798
20 2684 - |- 0431[0.748
Sy T 2 A0 e e (SO The testing apparatus used to carry out the tests is GDS
40 2688] - |- |047810.732/ - automatic stress-path dynamic triaxial system (GDS
50 2.69 - |- |oeoojos74| - Instruments 2 Hz, UK). The instrument has a GDS type
Silt 100 2.70 0.06 |- 072 |1420! 5.0 stress-path cellwhichisconnected tofourdigital pressure

controllers for the control and monitoring of cell, back,

lower chamber pressure and volume respectively and
Table 1: Physical properties of sand-silt mixture one for pore pressure. All the controllers are connected
to a computer controlled data acquisition system for
recording and calculation of various data sets through
the use of GDS software. The GDS apparatus uses
hydraulic pressure loading system and the axial load is
applied through the lower chamber of the GDS stress
path cell. All undrained triaxial tests for this study were
carried out at strain rates, which were slow enough to

100 [
allow pore pressure change to equalize throughout the
20 - sample with the pore pressure measured at the base
80 - of sample. The drained compression tests were sheared
gLt at strain rates slow enough to allow full dissipation of
¥ pore water pressure during loading. All the tests were
B ool continued up to 24% axial strain.
§ 3 3. Test results and discussions
40 —
30 3.1. Drained compression tests
Figures 3a, 3b and 3c show the results of drained
20 - compression tests carried out on silty sand samples with
10 - silt contents ranging from 0 to 50% for three initial
bk s A ik } il and s o densities (Dr = 12, 50 and 90%). We note in general
10.000 1.000 0.100 0.010 0.001 Torthe three cases that the fraction of fines affects in a

GRAIN SIZE IN MILLIMETERS significant manner the variations of the deviator stress.
Indeed, the increase in the fraction of fines between 0
and 50% leads to a reduction in the initial stiffness of
the soil consequently in its resistance peak (maximum

Figure 1: Grain size distribution curves deviatoric stress).
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Figure 3: Stress-strain variation during drained tests

(03’=100 kPa)

Concerning the volume change (Figure 4), we note that
the clean sand and samples with lower fines content
(F(30%) present a phase of contractancy followed by
a dilatancy phase. In the loose state, clean sand and
samples with 10%, 20% and 30% the dilatancy appears
from an axial strain of 12.5%, while for those with
fines content of 40% and 50%, we observe solely a
phase of contractancy (Figure 4a). For medium dense
samples, particularly for the clean sand, the dilatancy
phase appears from 8% in the axial strain, while for
samples with 10% to 30% fines content, the dilatancy
is delayed and appears from an axial strain of 13%. For
samples with 40% and 50%, we observe only a phase of
contractancy (figure 4b).

For dense samples, we remark that the presence of fines
delays in a significant manner the appearance of the
phase of dilatancy. Indeed, it appears after 4,5%, 5%,
6% and 10% respectively for the fines content F =0, 10,
20 and 30%; beyond those fines contents, we observe
solely a phase of contractancy (Figure 4c).

3.2. Undrained compression tests

Figures 5, 6,and 7 show the results of undrained
compression tests carried out for different fines content
ranging from 0 to 50% at 100 kPa mean confining
pressure within three separate density ranges ( Dr =
12, 50, 90%). We notice in general that the increase
in the amount of fines leads to an increase of the
water pressure (Figure 6). This increase results from
the role of fines in the increase in the contractancy of
the mixture observed during the drained compression
tests. Indeed, the increase in the pore water pressure
leads to a reduction of the confining effective pressure
and consequently to a decrease of the peak resistance
of the mixture as it is illustrated by figure 5. The stress
path diagram (p’, q) shows clearly the role of the fines
in the decrease of the average effective pressure and
the maximum deviatoric stress (Figure 7). In this case,
the effect of fines on the undrained behaviour of the
mixture is observed for the lower fines content (F_ =
10%), and becomes very marked beyond 20%. These
results are in good agreement with the observations of
Shen et al. (1977) and Troncosco and Verdugo (1985).
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Figure 4: Volumetric response during shearing

(63°=100 kPa)
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Figure 5: Stress-strain variation during undrained tests

(03’=100 kPa)
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Figure 6: Pore pressure response during shearing

(o3=100 kPa)
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4. Conclusion

Results of the triaxial compression tests were analyzed
to assess both the stress-strain behaviour and shear
strength parameters of silty sand under both drained
and undrained conditions. It was found that the
percentage of non-plastic fines affects considerably the
shear strength parameters of sand, especially its internal
friction angle. It was also observed that the structural
packing of the particles during shearing controls
the volumetric response as well as the pore pressure
variation, which is directly related to the amount
of fines controlling the behaviour of sands. The soil
response observed in this study is strictly applicable only
to the silt and sand gradations used in this laboratory
investigation. Further work is required to study the
effects of different gradations on the behaviour of silty
sands.

References
[1] Bolton M.D. (1986) The strength and dilatancy of
sands. Geotechnique, London, 36 (1), 65-78.

[2] Chung, R.M., Yo Kel, FY., Drenevich, V.P. (1984)
Evaluation of dynamic properties of sands by resonant
column testing. Geotechnical testing Journal, 7 (2), 60-
69,

[3] Dalwadi, B.R. (1990) Experimental study on the
anisotropic behaviour of Yamuna and Ottawa sands.
PhD Thesis, Indian Institute of Technology, Delhi.
India..

[4] Hardin B. O. (1978) The nature of stress-strain
behaviour of soils. Proc., ASCE Geotechnical Engineering
Division, Spec. Conf., Vol. 1, ASCE, New York, 3-90.

[5] Kuerbis, R., Nagussey, D. and Vaid, Y. P. (1988) Effect
of gradation and fines content on the undrained
response of sand. Proc. Hyd. Fill. Struc. Geotech. Spec.
Publ. 21. ASCE, New York, 330-345,

[6] Ladd, R.S. (1978) Preparing test specimen using under
compaction. Geotechnical Testing Journal, GTJODJ, Vol.
1, 16-23.

Lo Presti, D.C. (1987) Mechanical behaviour of Ticino
sand from resonant column test. PhD thesis, Politecnico
di Torino, Turin Italy.

[7] Mishra, S.5. (1981) Effect of stress path on stress-
strain volume change behaviour of some granular soils.
PhD thesis, Indian Institute of technology, Delhi. India

[8] Naeini, S.A. and Baziar, M.H. (2004). Effect of fines
content on steady-state strength of mixed and layered
samples of a sand. Soil Dynamics and Earthquake
Engineering, Vol. 24, p. 181-187.

[9] Pitman, T.D., Robertson, PK. and Sego, D.C. (1994)

Influence of fines on the collapse of loose sands.
Canadian geotechnical Journal 31 (5), 728-739.

Algérie Equipement N° 46/ Décembre 2009

[10] Shen, C.K., Vrymoed, J.L. and Uyeno, CK. (1977)
The effects of fines on liquefaction of sands. Proc. 9th
Int. Conf. Soil Mech. and Found. Eng, Tokyo, vol. 2, 381-
385.

[11] Terzaghi, K. (1956) Varieties of submarine slope
failures. Proc. 8 Texas conference on Soil mechanics and
Foundation Engineering. University of texas at Austin.
Bureau of engineering special research. Publication N
29, 41.

[12] Thevanayagam, S. (1998) Effect of fines and
confining stress on undrained shear strength of silty
sands. J. Geotech. Geoenviron. Eng. Div., ASCE, 124, n°
6, 479-491.

[13] Thevanayagam, S. and Mohan, S. Intergranular
state variables and stress-strain behaviour of silty sands.
Geotechnique, Vol. 50, n° 1 (2000), 1-23.

[14] Troncosco, J.H. and Verdugo, R. (1985) Silt content
and dynamic behaviour of tailing sands. Proc., 12th Int.
Conf. on Soil Mech. and Found. Eng., San Francisco,
1311-1314.

[15] Yamamuro, J.A. and Covert K.M. (2001) Monotonic
and liquefaction of very loose sands with high silt
content. Journal of Geotechnical and geoenvironmental
Engineering, 127 (6), 471-496.



