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The use of sand to improve the strength of natural clays provides a viable alternative for civil infrastructure construction involving
earthwork.Themain objective of this note was to investigate the compressive strength of compacted clay-sandmixes. A natural clay
of high plasticity was mixed with 20% and 40% sand (SP) and their compaction and strength properties were determined. Results
indicated that the investigatedmaterials exhibited a brittle behaviour on the dry side of optimum and a ductile behaviour on the wet
side of optimum. For each material, the compressive strength increased with an increase in density following a power law function.
Conversely, the compressive strength increased with decreasing water content of the material following a similar function. Finally,
the compressive strength decreased with an increase in sand content because of increased material heterogeneity and loss of sand
grains from the sides during shearing.

1. Introduction

Civil infrastructure involving earthworks such as pavements,
pipelines, and buildings is severely distressed in Regina,
Saskatchewan, due to the expansive nature of the native soil
[1]. Chemical admixtures such as lime [2] and engineering
techniques such as nailing [3] have been attempted in various
projects within the city.The low success rate of thesemethods
is attributed to the harsh local climate characterized by aridity
and freezing temperatures and the interaction of the active
clay with the additives. The use of inert materials provides
an environmentally friendly option in improving the shear
strength of indigenous soils while still being cost-effective to
the consumer.

The behaviour of compacted clay-sand mixes depends on
the amount of constituents, compaction characteristics, and
test conditions. Shafiee et al. [4] reported that the undrained
shear strength increases with increasing sand content. Like-
wise, Vallejo and Mawby [5] demonstrated that the shear
strength is governed by the granular phase when the sand
content is greater than 75% and by the cohesive phase when
the clay content is greater than 40%. The predominance of

clay matrix occurs when the clay content is more than 40%
as confirmed by Wood and Kumar [6]. Likewise, Prakasha
and Chandrasekaran [7] concluded that the inclusion of
sand grains in a clay matrix leads to an increase in pore
pressure resulting in a decrease in undrained shear strength.
The research on sand-bentonite mixes concludes that the
shear strength of these materials increases with decreasing
water content [8], increasing dry density Blatz et al. [9], and
increasing confining pressure [10].

The triaxial shear test is frequently used because of the
laterally restrained soil conditions in most geotechnical
applications. Consequently, comparable data on unconfined
compressive strength for clay-sandmixes is sparsely reported
in the literature. Nonetheless, the unconfined compression
test is useful for laterally exposed conditions and applicable
to fine-grained soils under undrained loading [11], requires
a short testing time, is easy to conduct data analysis, and is
used in the design of road embankments, shallow footings,
and retaining walls.

The main objective of this note was to investigate the
compressive strength of compacted clay-sandmixes.The clay
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wasmixedwith 20% and 40% sand and their index properties
and compaction characteristics were determined. The stress-
strain behaviour and the unconfined compressive strength
were analyzed.

2. Materials and Methods

The natural clay (NC) and river sand (RS) were retrieved
from local test pits in and around Regina. The materials were
obtained using the ASTM Standard Practice for Soil Investi-
gation and Sampling by Auger Borings (D1452-09) and were
transported to the Geotechnical Testing Laboratory at the
University of Regina as per the ASTM Standard Practice for
Preserving and Transporting Soil Samples (D4220-95(07)).
Clay-sand mixes were prepared based on dry weights of the
materials: CS-I (80% NC and 20% RS) and CS-II (60% NC
and 40% RS).

The geotechnical index properties were determined for
preliminary soil assessment according to standard ASTM
test methods as follows: (i) specific gravity (𝐺

𝑠
) by the

Standard Test Method for Specific Gravity of Soil Solids
by Water Pycnometer (D854-10); (ii) particle-size analysis
by the Standard Test Method for Particle-Size Analysis of
Soils (D6913-04(2009)); (iii) liquid limit (𝑤

𝐿
), plastic limit

(𝑤
𝑝
), and plasticity index (𝐼

𝑝
) by the Standard Test Method

for Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(D4318-10). The clay and the sand were classified according
to the Standard Practice for Classification of Soils for Engi-
neering Purposes (Unified Soil Classification System (USCS))
(D2487-11).

The clay-sand mixes were prepared on dry mass basis
and predetermined amounts of tap water were added. The
samples were put in sealed plastic bags and left overnight to
ensure uniformmoisture distribution. Standard proctor tests
were carried out as per Standard Test Method for Laboratory
Compaction Characteristics of Soil Using Standard Effort
(ASTMD698-12), by compacting the samples in amouldwith
25 blows per layer over three layers. A 2.5 kg hammer was
dropped from a height of 300mm on to the sample layer.
The water content (𝑤) was determined by the Standard Test
Method for Laboratory Determination of Water (Moisture)
Content of Soil and Rock by Mass (D2216-10).

The unconfined compressive strength was determined
according to the ASTM Standard Test Method for Uncon-
fined Compressive Strength of Cohesive Soil (D2166-13). The
compaction specimens were extracted from themoulds using
a hollow steel tube and the former were trimmed to 50mm
diameter and 110mm height. The height-to-diameter ratio
was 2.2 which was within the range (2.0 to 2.5) specified by
ASTM. The specimen’s dimensions were determined using a
Vernier caliper at three different locations. Strain was applied
at a rate of 0.5mm/min and the test was stopped when
load decreased with increasing strain or until 15% strain was
reached. The data were digitally recorded and stored in a
portable computer.

3. Results and Discussions

Table 1 gives the geotechnical index properties of the inves-
tigated materials. The specific gravity of NC was found

Table 1: Geotechnical index properties of the investigatedmaterials.

Property Test method Natural clay River sand
Specific gravity (𝐺

𝑠
) D854-10 2.75 2.65

Material finer than
0.075mm D6913-04(09) 98.5 1.0

Material finer than
0.002mm D6913-04(09) 64.0 —

𝐷
10
(mm) D2487-11 — 0.34

𝐷
30
(mm) D2487-11 — 0.85

𝐷
60
(mm) D2487-11 — 1.81

Coefficient of
curvature (𝐶

𝑐
)a D2487-11 — 1.2

Coefficient of
uniformity (𝐶

𝑢
)b D2487-11 — 5.3

Liquid limit, 𝑤
𝐿
(%) D4318-10 63 —

Plastic limit 𝑤
𝑃
(%) D4318-10 28 —

USCS classification D2487-11 CH SP
a
𝐶
𝑐
=𝐷
30

2/(𝐷
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⋅ 𝐷
60
).
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Figure 1: Grain size distribution of the investigated materials.

to be 2.75 which is typical of sedimentary clays (ranging
between 2.4 and 2.95 [12]). The grain size distribution
(Figure 1) showed 98%material finer than 0.075mmand 64%
material finer than 0.002mm. The liquid limit was 63% and
plastic limit was 28% thereby indicating a moderate water
adsorption capacity. The clay was classified as high plasticity
clay (CH). In contrast, the 𝐺

𝑠
of RS was 2.65 which is typical

for materials primarily composed of quartz. About 1% of the
material was found to be finer than 0.075mm (Figure 1). The
coefficient of curvature (𝐶

𝑐
) was 1.2 and the coefficient of
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Figure 2: Compaction characteristics for the investigatedmaterials.

uniformity (𝐶
𝑢
) was 5.3. Overall, RS was classified as poorly

graded sand (SP).
Figure 2 presents the compaction curves for the investi-

gated materials. The NC showed a maximum dry density of
1.52 g/cm3 at an optimum water content (𝑤opt) of 27% which
is close to the plastic limit (28%). Marinho and Oliveira [13]
reported that for cohesive soils the optimum water content is
within ±5% of the plastic limit.These data are similar to those
reported byAzam andChowdhury [14] for the samematerial.
The corresponding values of dry density and optimum water
content were 1.60 g/cm3 at 22% for CS-I and 1.65 g/cm3 at
20% for CS-II.The upward and leftward shift of the curves for
increased sand content (reduced clay content) is attributed to
a decreased void ratio along with a lower water requirement
to lubricate the large specific surface areas of the clay particles
[11]. Conversely, the decrease in the maximum dry density
values with an increase in NC content is due to an increased
void ratio of the clay phase and a high water demand for clay
particles lubrication.

Figure 3 shows the stress-strain plots for the investigated
materials. Up to the optimumwater content (27%),NCexhib-
ited distinct peak stresses (7900 kPa, 7200 kPa, 7150 kPa) at
strains ranging from 2mm to 5mm. All of these curves
dropped sharply exhibiting a brittle material behaviour that
was devoid of any residual strength. On the wet side of
optimum, NC exhibited ductile behaviour with peak stresses
of 1300 kPa and 800 kPa at strains ranging from 4mm to
7mm. On the dry side of optimum, the presence of large
air-filled macropeds, which are aggregates of particles, can
exhibit high strength, whereas on the wet side of optimum
these macropeds soften [15]. Compacted soils on the dry side
of optimum have two families of pores, micropores (intra-
aggregate pores) and macropores (interaggregate pores), and

have a continuous air phase and discontinuous water phase.
On the wet side, the soil has a single family of pores:
micropores, air is occluded and water phase is continuous
[16]. The brittleness on the dry side of optimum is mainly
due to the flocculated clay structure (aggregates of particles)
making it difficult for multiparticle assemblages to slide past
each other and also due to the relatively low amount of
water (discontinuous water phase) available for lubrication.
However, the ductile behavior on the wet side of optimum is
due to a dispersed clay structure (single particles or particle
groups acting independently [17]) and also due to more
lubrication offered from the continuous water phase making
it easy for individual particles to slide past each other thereby
generating strain before failure.

Samples CS-I and CS-II also exhibited a brittle response
up to the dry side of optimum and a ductile response on the
wet side of optimum.This was attributed to the dominance of
clay fraction (>40% in CS-I and CS-II) over the sand fraction
resulting in a similar behaviour to NC but with reduced peak
stresses due to a reduced clay content. The peak stress and
strain for CS-I were 5600 kPa and 3.7mm in the former case.
The corresponding values on the wet side of optimum were
found to range from 2000 kPa to 300 kPa at strains ranging
from 7mm to 8mm. Likewise, the peak stress and strain for
CS-II on the dry side of optimum were 4500 kPa and 3mm.
The corresponding values on the wet side of optimum were
found to range from 2600 kPa to 50 kPa at strains ranging
from 2mm to 8mm. Figure 3 further indicates that, at high
water contents, the axial stress is virtually independent of
axial strain for CS-I and CS-II samples. This is attributed
to the combined effect of the following: (i) strain softening
associated with particle lubrication due to a continuous
water phase at high sand contents; (ii) enhanced sample
heterogeneity due to increased sand content; and (iii) loss
of sand grains from the sample sides during shearing that
resulted in higher strains.

Figure 4 plots the compressive strength (half the peak
axial stress) with respect to dry density (Figure 4(a))
and water content (Figure 4(b)). The compressive strength
increased with an increase in dry density in each of the
materials. NC exhibited the highest increase in compressive
strength followed by CS-I and then by CS-II. The compres-
sive strength increased from 220 kPa at a dry density of
1.2 g/cm3 to 4000 kPa at 1.5 g/cm3. The compressive strength
for CS-I increased from 150 kPa to 2800 kPa when the dry
density increased from 1.3 g/cm3 to 1.6 g/cm3. Similarly,
CS-II exhibited an increase in compressive strength from
30 kPa to 2200 kPa when the dry density increased from
1.3 g/cm3 to 1.6 g/cm3. In contrast, increasing the water
content showed a reverse trend. NC exhibited the highest
increase in compressive strength with a decrease in water
content followed by CS-I and then by CS-II. Overall, the data
points exhibited scatter, especially for NC and CS-I for high
compressive strength (dry side of optimum water content).
This is mainly due to the nonuniform moisture distribution
associated with the low unsaturated hydraulic conductivity of
the clay as well as dead ends and high tortuosity within these
samples.
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Figure 3: Stress-strain behaviour of the investigated materials.
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Figure 4: Compressive strength versus dry density and water content.

Despite the lowest maximum dry density, the clay exhib-
ited the highest compressive strength. The higher degree of
heterogeneity in the clay-sand mixes compared to the clay
led to lower strength values because the failure plane had
to pass through weakest zone in the sample Mullins and
Panayiotopoulos [18]. Furthermore, during shearing, sand
grains fell out from the sides in the test samples of clay-sand
mixes. This reduced the cross sectional areas of the samples
available for taking the applied load and, as such, reduced
strength.

4. Summary and Conclusions

The unconfined compressive strength was determined for
compacted samples of a natural clay of high plasticity and
clay-sand mixes containing 20% and 40% sand (SP). All
materials exhibited a brittle behaviour on the dry side of
optimumand a ductile behaviour on thewet side of optimum.
For each material, the compressive strength increased with
an increase in density following a power law function. Con-
versely, the compressive strength increased with decreasing
water content of the material following a similar function.
Finally, the compressive strength decreased with an increase
in sand content because of increased material heterogeneity
and loss of sand grains from the sides during shearing.
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