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ABSTRACT: To improve the soil properties randomly distributed fibers acting as new reinforcement material have become a focus of 
intense interest in recent years. In this research the effect of fibers on the shear strength and tensile strength of cemented sands were 
studied. Two different sands were used in the study. Yellow sand has 31% plastic fines. The grey sand has 13% non plastic fines.  To 
determine the optimum water content and maximum dry unit weight modified proctor test has been conducted on sand mixed with 
3% cement and fiber with 0, 0.1 and 0.2 percentage ratio of the dry weight of sand. Unconfined compression and flexural tensile tests 
were conducted on sand specimens prepared by the modified proctor test. After preparing the specimens, specimens kept in a 
moisture curing tank for 7 and 28 days. To study the effect saturation on stress some specimens were submerged under water for one 
day in a moisture curing tank following 27 days cured duration. The axial strength and tensile strength of sand were compared. The 
artificially cemented sands including fibers collapsed gradually at high axial deformation level, the cemented sands without fiber 
collapsed swiftly. The flexural tensile tests presented the similar results. 
 
RÉSUMÉ: Afin d'améliorer les propriétés du sol, les fibres distribuées au hasard, agissant comme une nouvelle matière de 
renforcement, sont devenus l'objet d'un vif intérêt pendant les dernières années. Dans cette recherche, l'effet des fibres sur la 
résistance au cisaillement et la résistance à la traction des sables cimentés ont été étudiés. Deux types de sables différents ont été 
utilisés dans cette recherche. Le sable jaune a 31% des fines plastiques. Le sable gris a 13 % de fines non plastiques. Afin de 
déterminer la teneur optimale en eau et le poids unitaire sec, l'essai proctor modifié a été conduit au moyen du sable mélangé avec 
3 % de ciment et du fibre avec 0, 0.1 et 0.2 % de poids sec du sable. Les essais de compression simple et les essais de résistance à la 
traction et à la flexion ont été conduits au moyen d'échantillons de sable, préparés par l'essai proctor modifié. Après avoir préparé les 
échantillons, les echantillons ont été tenus dans une cuve de durcissement pendant 7 et 28 jours. Afin d'étudier le comportement saturé 
des échantillons, quelques échantillons sont mis dans l'eau pendant une journée, dans une cuve de durcissement, suite à 27 jours de 
durcissement. La résistance axiale et la résistance à la traction du sable ont été comparées. Les sables cimentés artificiellement 
comprenant les fibres, ont effondré au fur et à mesure à haut niveau de déformation, les sables cimentés sans fibres ont effondré 
rapidement. Les essais de résistance à la traction et à la flexion ont presenté des résultats similaires 
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1 INTRODUCTION  

Stabilization methods can be used to improve the geotechnical 
properties of problematic soils, one of which is using additives. 
Additive stabilization is attained by adding appropriate 
percentages of cement, lime, fly ash, bitumen, or a combination 
of these materials to the sandy soil (Perloff, 1976). There are 
numerous studies on sandy soils which is utilizing additive 
materials such as glass fiber-Portland cement, rice husk ash, 
pond ash, fly ash and geogrid (Dermatas and Meng, 2003)..As a 
general rule, soils has no tensile strength in their mechanical 
properties. Therefore, fiber insertion into sandy soils is to grasp 
and redistribute loads applied to specimen by mobilizing a 
wider mass of soil, and improving the mechanical response of 
the material (Festugato, et al. 2016). Recent research trends in 
the field of geotechnical engineering and construction materials 
have focused on cheaper, locally available materials. (Naeini 
and Mahdavi 2009), Zhang et al. (2010) triaxial compression 
tests have conducted on loess soils including root to study the 
effect of roots on shear strength of soils.  

These series of studies propose methods which utilizes fiber-
cement as reinforcement. In this study, it is intended to evaluate 
the behavior of an artificially cemented sandy soil with 0, 0.1 & 
0.2 percentage ratio of fiber, in which tests were carried out to 
determine flexural tensile strength and unconfined compression 
strength. Influence of fiber on the 7 and 28 days compressive 

strength and tensile strength of specimens were investigated and 
also their behavior when they are saturated after 27 days in 
moisture tank and one day in water. 

 
2 MATERIALS AND TEST APPARATUS 

First soil utilized in this experiment is yellow sand and 
according to USCS the soil is classified as clayey sand (Table 
1). Second soil is grey and according to USCS the soil is 
classified as silty sand (Table 2). Modified proctor tests were 
carried out to determine optimum water content as well as 
maximum dry density (Table 3). 
 
Table 1. Properties of Yellow sand with plastic fine grain 

Soil properties Values 
Specific gravity 2.68 
Consistency limit   
     Liquid limit 33% 
     Plastic limit  18% 
     Plasticity index 15% 
USUC Classification  SC 
Grain size analysis 
      Gravel 1 
      Sand 68 
      Silt 29 

      Clay 2 
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Table 2. Properties of Grey sand with non-plastic fine grain 

Soil properties Values 
Specific gravity 2.69 
Consistency limit   
     Liquid limit 

Non-plastic      Plastic limit  
     Plasticity index 
USUC Classification  SM 
Grain size analysis 
      Gravel 4 
      Sand 83 
      Silt 12 
      Clay 1 

 
Table 3. Modified Proctor test results 

Soil type 
Cement 

 (%) 
d max 

(kN/m3) 
opt 
(%) 

Yellow sand 0 19.1 12 

Yellow sand 3 19.1 12.5 

Grey sand 0 20.30 9 

Grey sand 3 20.30 9.5 

2.1 Cement 

Cement which was utilized as cementing agent for sandy soil is 
classified as Limak Trakya Cement CEM IV/B(P). 

2.2 Kratos Soil synthetic fiber-reinforcement  

Kratos Soil Fiber Poliamid 6.6 Properties is given in the Table 4. 

Table 4. Properties of Kartos Soil EN-14889-2 Class 1 

Properties Unit value method/standard 

Density gr/cm3 1.14 ASTM D 792 

Length Mm 
6 – 12 –  
18 – 24  

EN 14889-2 

filament diameter Micro 27 EN 14889-2 

moisture uptake  
(equilibirium@50

%RH) 
% 2.7 ISO 62* 

tensile strength MPa 970 ASTM D 885 

elongation at break 
(%) 

% 18 ASTM D 885 

elastic modulus 
(GPa) 

GPa 5.3 ASTM D 885 

melting point (c) C 256 
ISO 11357-

3(2011) 

number of 
filaments/kg 

#/kg 

222 million  
(6 mm) 

111 million  
(12 mm)   

  

alkaline resistance    + ASTM E 2098 

2.3 Unconfined compression test apparatus 

After preparing a cylindrical specimen with 10 cm diameter and 
20 cm height, it was loaded at 0.4 mm/min, the capacity of 
apparatus is 50 kN and displacement is measured by a gage 
with 1/100 mm. Both axial stress and deformation have been 
recorded during loading. 

2.4 Flexural tensile strength test apparatus 

For flexural tensile tests, Instron 5982 Floor Model Universal 
Testing System with a capacity of 100 kN has been used. Load 
measurement accuracy: +/- 0.5% of reading down to 1/1000 of 

load cell capacity option. Up to 2.5 kHz data acquisition rate 
option simultaneous on load, extension, and strain channels .
Speed range of 0.00005 to 1016 mm/min (0.000002 in/min to 
40in/min), depending on model. Its load cell has a capacity of 
100kN. The residual strength values are calculated at 1 mm 
deflection and the toughness values are calculated at 3 mm 
deflection. Flexural tensile strength test has been conducted on 
prismatic specimens with 10 cm width, 30 cm length and 10 cm 
height. 
 
3 EXPERIMENTAL STUDIES 

To increase the tensile strength and unconfined strength of 
sands both unconfined axial loading test and flexure test 
specimens has been prepared by mixing 3 % cement and 0%, 
0.1% and 0.2% fiber.  The amount of fiber added to the sand is 
taken as percentage of the dry weight of sand. To understand 
the behavior of soils that were mixed with fiber as well as 
cement, two different experiments were conducted. For 
unconfined compression tests specimens with 10 cm diameter 
and 20 cm height and for flexural tensile strength test cubic 
specimens with 10 cm width, 30 cm length and 10 cm height 
were prepared. All specimens were prepared with modified 
proctor hammer, mixed with optimum water content, cylindrical 
specimens were prepared in 5 layers and for cubic specimens 
were prepared in 3 layers. After preparing the specimens, 
specimens kept in a moisture curing tank for 7 and 28 days. 
Moreover, some of soils were kept in a moisture curing tank for 
27 days and then the specimens were completely put in water 
for one day to study the saturated behavior of specimens. For 
each and every percentage of cement and fiber 3 sand 
specimens were prepared to ensure that results of experiment 
can be assessed with high precision. During the test 
deformation of specimen, axial loads and tensile stress were 
recorded. 
 
4 UNCONFINED COMPRESSION TEST RESULTS 

Unconfined compression test has been conducted on both 
Yellow sand and Grey sand specimens. Soil specimens mixed 
3% cement and 0%, 0.1% and 0.2% fiber ratio were prepared at 
the determined modified proctor maximum dry density and the 
optimum water content.   

4 .1  Yellow Sand with plastic fine grain 

The first step is to study the effect of fibers on the structure of 
soil. Figure 1 shows the stress strain behavior of two Yellow 
sand specimens including 3% cement and 0.2% fiber and cured 
7 days in a moisture cure tank. As shown in the figure, the 
unconfined compression strength of specimens are almost the 
same with qu= 2406kPa - 2455 kPa at the same axial strain 
level (1.75%). Axial Stress decreases to 500kPa at 3.5% axial 
strain level. The structure of soil specimens are approximately 
the identical.  

Figure 2 presents stress strain behavior of specimens cured 
28 days. From the figure, it can be acquired qu= 3539kPa- 2274 
kPa and axial strain in maximum unconfined compression stress 
is between 1.75% and 2.125%. It is clearly evident that 
specimens with fiber with 28 days cured strength is radically 
improved than that of without fiber. Additionally, for both 
specimens with 0.1% as well as 0.2% fiber unconfined 
compressive strength has improved considerably.  
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Figure 1. Stress - axial strain behavior of Yellow sand cured 7 days 

 
To study the effect of saturation on the behavior of yellow 

sand specimens including 3% cement and 0, 0.1%, 0.2% fiber 
the specimens were kept 27 days in the moisture curing tank 
and one day in water. As shown in Figure 3 the maximum axial 
stress of sand specimen which has not included fiber is 1553kPa 
at 1.2% axial strain level. Specimens which included fiber with 
0.1% and 0.2% have higher maximum axial stresses between 
1900 kPa to 2045kPa at εa=1.6% -1.7% axial deformation. 
Saturation caused some reduction on peak axial stress and 
reduced strength down to 30% to 45%.  
 

4 .2  Grey Sand with non-plastic fine grain 

The axial stress strain behavior of Grey sand specimen cured 28 
days is given in Figure 4. Unconfined compression strength 
values of specimen is independently from the amount of fibers 
almost at the same level of qu= 1900kPa - 2000 kPa at the axial 
strain level of 1.75%. .Axial peak stress decreases by increasing 
strain level. The specimen which has not included fiber 
collapses immediately by following peak stress level. Fiber 
reinforcement increases the residual stress of specimens with a 
value of 500kPa at 3.5% axial strain level. It is clearly shown 
that 28 days specimen reinforced with fibers are radically 
improved with increased residual stress than those of without 
fibers. The effect of saturation on grey sands containing cement 
and fiber was also studied. As shown in Figure 5 the peak axial 
stresses decrease in comparison to unsaturated specimen. The 
strength of saturated specimen with 0.1% fiber decreases to 
200kPa at 2.5% axial strain level following the peak value. 
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Figure 2. Stress - axial strain behavior of Yellow sand cured 28 days 

 
5  FLEXURAL TENSILE STRENGTH TEST 

The purpose of conducting flexural tensile strength test is 
to understand the stress-deflection behavior of specimen  
with or without fiber.  

The tensile stress-deflection behavior of specimens with 3% 
cement and 0, 0.1 & 0.2 % ratio of fibers cured 28 days are 
given in Figure 6. Specimens with and without fibers are 
showing nearly the same level of deflection at state of break. 
Specimen without fibers is collapsing immediately. Fiber 
reinforced specimen are providing a certain level of residual 
tensile strength after occurrence of the break with a peak 
between 1 and 1.5 mm of deflection. Observed residual tensile 
stress at this peak is between 500kPa and 800kPa, which is 
nearly 70 % of the maximum tensile stress at state of break.... 

0

500

1000

1500

2000

2500

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

S
tr

e
s
s
 (

k
P

a
)

Axial Strain ℇ (%) 

3% Cement, 0% fiber 

24 mm, 27+1 Days 
Sample

3% Cement, 0.1% fiber 

24 mm, 27+1 Days 
Sample

3% Cement, 0.2% fiber 

24 mm, 27+1 Days 
Sample

 
Figure 3. Stress - axial strain behavior of saturated Yellow sand cured, 

27+1 days  
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Figure 4. Stress - axial strain behavior of Grey sand specimens c
ured 28 days 
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Figure 5 Stress - axial strain behavior of saturated Grey sand cur
ed, 27+1 days  
 

Figure 7 shows the behavior of saturated specimens with 3% 
cement and 0, 0.1 & 0.2% ratio of fiber. To study the effect of 
saturation these specimens are kept in curing tank for 27 days 
and later on submerged for 24 hours under water. As shown in 
Figure 7 specimens with and without fibers have nearly the 
same level of deflection at state of break. Specimen without 
fibers is collapsing immediately and the flexural tensile stress of 
specimen plummeted down before 1 mm deflection and stress 
became zero. Fiber reinforced specimens are providing a certain 
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level of residual tensile stress after occurrence of the break with 
a peak between 0.5 and 1.0 mm of deflection. Observed residual 
tensile stress at this peak is between 200kPa and 550kPa, which 
is nearly 45to 85 % of the maximum tensile stress at state of 
break.  
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Figure 6. Flexural stress - Deflection in Yellow sand cured 28 days 

 

0

200

400

600

800

1000

1200

1400

0 0.5 1 1.5 2 2.5 3

F
le

x
u
ra

l S
tr
e
s
s
 (
k
P
a
)

Deflection (mm)

3% Cement, 0 fiber, 

27+1 day sample

3% Cement, 0.1% 

Fiber, 27+1 day 
sample

3% Cement, 0.2% 

Fiber, 27+1 day 
sample

Figure 7. Flexural stress - Deflection in saturated Yellow sand cur
ed, 27+1 days  
 
The tensile stress-deflection behavior of Grey sand specimens 
with 3% cement and 0, 0.1 and 0.2 ratio of fiber cured 28 days 
are given in Figure 8. Specimen with and without fibers are 
showing nearly the same level of deflection at state of break. 
Specimen without fibers is collapsing immediately. Fiber 
reinforced specimens are providing a certain level of residual 
tensile stress after occurrence of the break with a plateau of 
constant deflection between values of 0.7 and 1.0 mm of 
deflection. Observed residual tensile stress at this plateau is 
between 180kPa and 250kPa, which is nearly 30% to 40 % of 
the maximum tensile stress at state of break.  
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Figure 9 presents the effect of cure duration on residual tensile s
tress on both Yellow sand and Grey sand specimen .As fiber rati
o increases residual tensile stress increases. The effect of cure d
uration is limited on residual stress at every fiber ratio. If the sp
ecimens are saturated residual tensile stress decreases according
ly at every fiber ratio. Grey sand containing non plastic fines ha
s the lowest residual tensile stress at every fiber ratio. 
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Figure 9. The effect of cure duration and fiber on residual stress 
in flexure test 

6 CONCLUSION 

In this research the effect of fiber content on stress strain 
behavior of randomly distributed fiber with 0, 0.1% and 0.2% 
ratio of fibers and 3% cement reinforced sand specimens 
containing plastic fines and non plastic fines is studied in 
unconfined compression test apparatus and flexure tensile test 
apparatus. The test results presented fiber reinforcement of 
cemented sand increases the values of unconfined compressive 
strength at large strain level in comparison to specimen without 
fibers. On the other hand, maximum flexural tensile strength of 
sand samples with 0.1% and 0.2% fiber increases by increasing 
fiber content and the residual flexure tensile strength is also 
increased by increasing fiber content. If the soil is saturated 
maximum stress and residual stress both in unconfined 
compression test and flexure tensile test decreased at each fiber 
ratio. The plasticity of fines also increases the unconfined 
compressive strength and the flexural tensile strength of the 
fiber-cement treated sand specimen in comparing to the sand 
specimen containing non plastic fines. Results present when the 
cement addition without fiber causes brittleness in sand, 
whereas addition of fiber with cement causes ductility of sand. 
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