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Abstract. The presence of fines in sandy soil is recognized as a problem in geotechnical 
engineering. It is often assumed that the strength and liquefaction potential of a soil decreases 
with increasing fines content. Sand with a significant amount of fines is always encountered in 
geotechnical engineering projects. The main interest of this paper is to study the effect of 
particles arrangement and stress behaviour on sand and silty sand sample. The objectives are to 
determine the basic properties as well as the morphological and mineralogical properties and 
the relationship of those properties to the stress behaviour of the soils. Sand-silt mixtures with 
fines contents of 20% and 40% were prepared and a series of testing was carried out to 
determine their basic properties, morphological and thin section properties, and mechanical 
properties by using direct shear box equipment. Results show that the basic properties and 
morphological properties of soil affect the mechanical behaviour of soil. Shape of the soil 
particle can influence the packing of the soil, hence altering the mechanical behaviour of the 
soil. From the thin section, the soil is observed to be well graded and have a dense packing 
while the minerals observed were mainly quartz and rutile.  

1 Introduction 
Most of the natural and man-made soil deposits contain a certain amount of silt and/or clay. Due to 
increasing of shortage of clean sands near project locations, the use of mixed sand, which includes 
silty sand, clayey sand, sandy clay and sandy silt, will be practical option in reclamation works. Fines 
may also be produced during dredging process itself, causing the clean sands to contain a certain 
amount of fines. 

The presence of fines in sandy soil is recognized as a problem in geotechnical engineering. It is 
often assumed that the strength of a soil decreases with increasing fines content. However, regarding 
to the liquefaction potential it is not a drawback, indeed it is advantage in geotechnical application. 
Thus, the maximum fines content is usually limited to 10% only in most geotechnical projects. It has 
been recognized that the availability of soils which have small amount of fines is very rare. In most of 
projects soil with maximum amount of fines above 10% are encountered. 

The shape of soil grains affects the engineering behaviour of the soils. Round grains are more 
likely to slip and roll than angular fragments. Natural sand and crushed sand has difference shape. 
Natural sand has the roundness and roughness. The shape of natural sand can be altered during 
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transportation or through weathering. On the other hand, crushed quartz sand tends to be 
equidimensional or elongated in shape. This is because quartz has no cleavage. Particle rotation is a 
basic component of deformation during compressibility of granular materials [1], which is affected by 
the shape of the grains. As the angularity increases, the ratio of rolling to sliding contacts decreases, 
which leads to greater shearing resistance [2]. Dense packing enhances the effect of angularity. The 
total number of contacts between particles increases and cause the rotation resistance increases. In 
shear behaviour, the friction angle can be affected by the gradation of sand such as sands with the 
lowest friction angle tend to be medium-fine, well-rounded, and poorly graded sands and Sands with 
the highest friction angle tend to be coarser grained, well-graded, and/or angular sands [3]. The 
addition of non-plastic silt to the host sand increases both the peak and critical-state friction angles of 
the soil [4]. It appears that the more angular non-plastic silt particles tend to interact with irregularities 
on the surface of sand particles, increasing the “jamming” effect during shearing. 

The aim of this study is to study the stress behaviour on silty sand with the relation toward the 
particle arrangement. Specific objectives are (i) To determine the basic properties of sand with 
varying silt content, (ii) To determine the morphological and thin section properties of the soils and 
(iii) To analyze the effect of silt content on the strength behavior of the soil. 

2 Materials and Methods  

2.1 Materials 

Silty sand is collected from Tasik Angsana, Sungai Pelik, Sepang, Selangor (GPS coordinate: 
2°37'21.9"N 101°42'00.1"E) as indicated with a red pointer in Figure 1. There was no vegetation on 
the surface of the soil, so the top soil layer was scraped away and the soil sample was collected from 
the sub soil layer using a shovel.  
 

 
Figure 1. Soil sampling location (Source: Google Maps). 

2.2 Methods  

The soil is oven-dried at an average 105°C and then sieved in order to obtain sand (particle retained 
0.063mm sieve) and silt (particle passed 0.063mm sieve) portion. The fines and the coarse fraction 
were reconstituted in varying proportions of fines to coarse ratios to study  the effects of silt content 
on the stress behaviour of sands, from 20% silt; 80% sand and 40% silt; 60% sand. Since the natural 
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soil has 20% silt and 80% sand, the soil is not altered or remixed. Sample of 40% silt 60% sand was 
produced by mixing the clean sand and pure silt by weight. 

A complete basic properties testing program was performed on all the sand-silt mixtures based on 
standard [5]. Basic properties including grain size distribution, specific gravity, linear shrinkage, 
liquid limit and plastic limit were determined for the each sand-silt mixture. Morphological and 
mineralogical properties testing program was performed on the natural soil sample, which is 20% silt 
and 80% sand. Morphological properites of the samples were determined by using Scanning Electron 
Microscope – SEM (Hitachi S-3400N Variable Pressure) and mineralogical properties were 
determined by using and thin section procedure. The thin sections were produced according to well 
established methods [6, 7]; although modified as necessary to accommodate the delicate nature of the 
oil sands with a view to preserving its integrity and minimizing alterations of the oil hosted in the 
quartz rich samples during the course of thin section production [8]. Thin sections were done by 
mixing the oven dried soil sample at an average 105°C with epoxy in a plastic mould and left 24 hours 
at room temperature to harden as shown in Figure 2(a). The hardened block is then cut into a smaller 
block then glued to a glass slide with epoxy and left to cure for 24 hours at room temperature as 
shown in. The block of sample on the glass slide is then filed down to 1 mm thick as shown in Figure 
2(b). The thin section is then viewed under a polarized light microscope at different magnifications to 
observe the soil structure, soil matrix and minerals present in the soil. 

 

    
Figure 2. (a) Hardened sample of the natural soil sample (20% silt, 80% sand) mixed with epoxy,    
(b) Thin section slide of the soil sample. 

 
A series of direct shear box test (TKA-DDS-5C Microprocessor-controlled Direct Shear 

Apparatus) were carried out on each of the sand-silt mixture to determine the stress behavior of the 
soils. The procedures of the test were referred to BS 1377. 

3 Results and Discussion 
The findings on the basic properties will be discussed in this section, followed by the morphological 
and mineralogical properties, and finally detailed analysis and discussion on the stress behaviour of 
the soils. 

3.1 Basic properties  

Several basic properties testing including grain size distribution, specific gravity, linear shrinkage, 
liquid limit, plastic limit and compaction test were carried out. The initial moisture content of natural 
soil sample collected (20% silt, 80% sand) was 21.16%. Table 1 shows as the silt content in sand 
increases, the liquid limit, the maximum dry density and optimum moisture content increases. It is 
shows that fines percentages gave a significant effect to the related properties. The detailed results of 
all basic properties are tabulated in Table 1. 
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Table 1. Index properties of sand- silt mixture samples. 

Silt content in sand (%) 20 40 
USCS classification SM SM 
Coefficient of uniformity, Cu  2.000 3.385 
Coefficient of curvature, Cc 28.000 43.706 
Specific gravity, Gs 2.70 2.71 
Liquid limit (%) 24.40 25.32 
Plastic limit (%) 23.96 24.78 
Plasticity index (%) 0.44 0.54 
Maximum dry density (Mg/m3) 1.62 1.69 
Optimum moisture content (%) 10.5 10.8 

                           *USCS - Unified Soil Classification System; SM – silty sand  
 
The specific surface area value for the natural soil sample (20% silt, 80% sand) is 1.986 m2/g. The 

relatively low value indicates that the soil mostly consist of sand and has a relatively high 
permeability and is slightly plastic. 

3.2 Morphological and mineralogical properties  

From the Scanning Electron Microscope (SEM) image in Figure 3 and thin section image (Figure 4), 
silt and sand particles shape are observed and compared to the designated chart [9] in order to 
determine the roundness and sphericity of a soil particle.  
 

      
Figure 3. SEM image of the natural soil sample oven-dried at an average 105°C at 300× magnification. 

It can be observed that the particle is basically sub-angular and has a medium sphericity. The 
surface of the soil particles generally has a semi-rough texture. Since the soil particles are sub-angular, 
the ratio of rolling to sliding contacts is decreased leading to greater shearing resistance. The effect of 
angularity is enhanced for dense packing. The total number of contacts between particles increases 
and as a result, the rotation resistance increases, leading to the rotational frustration. 
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(a)                                                                        (b) 

Figure 4. Random sampling on the thin section at 400× magnification of the natural soil sample. 

The soil structure is generally comprised of sand and silt indicated with yellow arrows in the 
figure. The shapes of the sand grains are mostly sub-angular and medium sphericity, similar to the 
observations from the SEM photograph. The variation of sand and silt particles cause the arrangement 
of soil to have a fairly dense packing and this contributes to the stress behaviour of the soil [10]. The 
sample is also randomly sampled at different spot on the slide to determine the minerals present in the 
soil (Figure 4).  

By referring to the mineral identification table [11], minerals observed in the thin section are 
quartz, rutile, spinel, garnet, augite and biotite. Using an X-ray diffractometer equipment, the 
dominant mineral identified in the sample is quartz. According to the minerals present in the sample, 
most of the minerals also appears in granite rock such as quartz and biotite [12] and it can be 
summarized that samples used for this study are originate from an igneous parent rock.  

3.3 Shear strength properties  

The results from the direct shear tests were analysed and the shear strength parameters were 
determined by using Mohr’s circles (Figure 5) for each sand-silt mixture at different stresses (100 and 
300 kPa). The cohesion, friction angle and shear strength and normal stress at failure point of each 
sample are determined and summarised in Table 2. 
 

 
Figure 5. Stress conditions at failure the natural soil sample (20% silt, 80 % sand). 
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Table 2. Shear strength parameters for silty sand samples. 

Silt Content Cohesion, c' 
(kPa) 

Friction angle, ϕ' 
(o) 

Shear strength, τf 
(kPa) 

Normal stress, σf 
(kPa) 

100 300 100 300 
20% 38.407 31.479° 150 350 180 500 

40% 60.235 27.686° 180 380 210 530 

It is observed that the shear stress is higher in the sample with 40% silt content. As the silt content 
in sand increases, the cohesion of the soil increase, while the friction angle decreases. This is due to 
the gradation of the soil samples and the shape of soil particles [13]. Since the shape of the soil 
particles are the same in all the samples, the gradation will be compared. In sample of 20% silt 
content, there were sufficient fines to support the sand particles to prevent sliding and rolling. 
However, at 40% silt content, the silt particles are more dominant in contributing to the stress 
behaviour. Therefore, the friction angle is lower. Cohesion of the 20% silt content sample is much 
lower compared to the 40% silt content sample. Obviously, this is because there are more fine 
particles with higher surface area. 

4 Conclusions 

The purpose of this study is to find out the stress behaviour of silty sand. A series of experiment has 
been carried out and analysed. The following conclusions can be obtained from the results of the 
experimental work. 

a) The basic properties of soil affect the mechanical behaviour of soil. The gradation of the soils 
affects the packing of the soils, causing them to exhibit different strengths. 

b) The morphological and mineralogical properties of soil particles affect the mechanical behaviour 
of soil. Shape of the soil particle can influence the packing of the soil, hence altering the 
mechanical behaviour of the soil. The minerals available in the soil may also contribute to the 
strength of the soil. 

c) Direct shear box test results shows that the friction angle of soil increases then decreases as the 
fine content increases. Cohesion of soil also increases then decreases as fine contents increases. 
This is mainly due to the packing of the soil particles. 
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