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1. Introduction

Saturated deposits of sands and silty sands are liquefiable during earthquakes. One of the new methods proposed
for non-disruptive mitigation of liquefaction risk at developed sites is passive site stabilization. It involves slow
injection of colloidal silica at the edge of a site and delivery of the stabilizer to the target location using natural
groundwater flow [1]. Colloidal silica is an aqueous suspension of microscopic silica (SiO,) particles produced from
saturated solutions of silicic acid [2]. The particles size can range in size from 2 to 100 nm, although the particle size
is fairly constant in a given suspension. During manufacturing, colloidal silica solutions are stabilized against
gelation so they can have long induction periods during which the viscosity remains fairly low up to a few months.
A few studies have investigated the behavior of sands stabilized with colloidal silica. Persoff et al. measured short
term strength of about 430 kPa at concentration of 20 wt% colloidal silica [3]. Gallagher and Mitchell found the
baseline unconfined compressive strength ranged from 32 to 222 kPa in period of 7-30 days at sands samples treated
with 5-20 wt% colloidal silica. They also did a series of cyclic triaxial tests and found that for passive site
remediation, a 5 wt% concentration of colloidal silica is expected to be able to adequately mitigate the liquefaction
risk of loose sands [4]. The stabilization of loose silty sand with colloidal silica has not been studied
comprehensively so the present study was undertaken to investigate the unconfined compressive strength and
microstructure analysis of silty sands stabilized with colloidal silica.

2. Methodology

Unconfined compressive tests were performed to investigate the strength and behavior of 32 silty sand samples
stabilized with colloidal silica. The samples consisted of Firoozkooh No0.161 sand with variation in NP silts content
from 0 to 30% and prepared in their loose condition by sedimentation method in colloidal silica at concentration of
5, 10 and 15wt%. The colloidal silica used in testing program was Ludox® SM-30 wt% (suspension in water).
According to product information, Ludox® SM-30% has 30 wt% silica and an average particle size of 8 nm. For gel
time control, scientific Sodium Chloride (NaCl) and 6N hydrochloric acid (HCI) were used to adjust the ionic
strength and pH of the colloidal silica solutions, respectively. Curing time of samples was 3, 7 and 30 days. The
unconfined compressive strength tests were run in general accordance with ASTM D2166 standard test method. In
addition to unconfined compressive test, the micro structure of a few specimens was investigated by means of a
scanning electron microscope (SEM).
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3. Results and discussion
3.1. Unconfined compressive test results

Essentially loose silty sands have no unconfined compression strength but when treated, the average UC
baseline strength ranged from 25 kPa at a sand sample with colloidal silica concentration of 5wt% (7 days curing
time) to 240 kPa at a silty-sand sample with 10% silt and colloidal concentration of 15 wt% (30 days curing time).
In the same conditions of stabilization, the increase of silt up to 10% content, increased strength but more silt caused
decreasing of strength. It may be in silty-sand samples with 10% silt, the silt filled the voids between sand
aggregates and led to increase in strength but at more silt content, the silt placed in structure of sand matrix and
made loose bridges between sand aggregates.

3.2. SEM analysis

The obtained images from scanning electron microscope showed the different fabric in treated and untreated
specimens. As shownin Fig. 1 (a). the particle surface of a pure dry sand sample, is smooth. In Fig. 1 (b), a grain of
the same pure sand stabilized with 15 wt% colloidal silica is shown. In this image the stuck silica on surface of sand
grain is remarkable.
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(b)

Fig. 1. SEM images: (a) Pure sand particle, (b) Stabilized sand particle

4. Conclusions

The compression strength of stabilized silty sands had a linear relationship with both colloidal silica
concentration and curing time, although the effect of curing time decreased as colloidal silica concentration
increased. On the other hand, in the same conditions of stabilization, the increase of silt up to 10% content,
increased strength but more silt caused strength decreasing. SEM analysis showed the different fabric in treated and
untreated specimens. On the basis of obtained results colloidal silica is an appropriate stabilizer for loose silty sands.
It seems a 5 wt% solution of colloidal silica is adequate to silty sands stabilization.
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