
 
1 INTRODUCTION 

Characterization of granular soils found in nature as variable mixtures is very complex. When 
these materials are present in the form of sand-silt or sand-clay mixtures, their behavior becomes 
completely different and more complex as compared to the original materials, (Belkhatir et al. 
2014; Dash and al.2011; Sitharam and Dash.2009; Kolay et al.2019; Mahmoudi and al 2020; 
Azaiez et al 2021a, 2021b. However, the behavior of soil mixture is not well understood yet. 

Several researchers have shown that the fine content has a very important effect on the shear 
strength of soils. Troncoso.1990 studied the resistance of cyclic shearing of a mixed sand with 
different contents of fines (silts) from Fc =0% to Fc=30% with constant initial void ratio (e=0.85) 
and found that the cyclic shear strength decreases with increase in fines fraction. Undrained tri-
axial compression tests on sand samples was reported by Kermatikerman et al. 2018, they showed 
that the addition of fly ash in the sand samples changed the behavior in terms of stress-strain. 
They found that the undrained shear strength increases with increasing fly ash. This increase in 
strength is due to the fact that fly ash helps to reinforce the inter-granular forces of the sands. A 
monotonic drained and undrained triaxial tests was carried out on silts fractions varying between 
0 to 50% and cyclic tests carried out on fractions of fines varying between 0 to 25%, Arab 2009, 
The tests show that the increase in the fine content induces a reduction of resistance, but little 
affects the characteristic angle. Bayat et al. 2014, found that the maximum shear strength de-
creased with increase in the content of plastic fines up to thresholds of (FB=5% and FK=20%) 
considering the two types of fine plastics (bentonite and kaolin) respectively. Beyond this, it in-
creases with the increase of fine fractions. Rojimul et al. 2020 performed shear test on the sand–
biochar mixtures, with the aim of studying the effect of biochar on the shear strength parameters 
(C and ∅) of clayey sand. They showed that increasing the percentage of biochar from Fbio=0% 
to Fbio=15% induces a remarkable increase in the shear strength of the soils studied. 
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ABSTRACT: The main objective of this experimental work is to study the effect on the shear 
strength of Zemmouri sand mixed with three types of fine content (fly ash, Kaolin and bentonite). 
The range of fine content varying from FA=0% to FA=30% using the direct shear box. The spec-
imens were reconstituted at the lab by dry pluviation method with a medium dense initial relative 
density (Dr=55%) and which were subjected to three normal stresses of 100, 200 and 300kPa. The 
results found indicate that adding fines induces a small variation in the mechanical responses 
for the three types of fines considered. Therefore, we concluded that for Zemmouri Sand there 
is no improvement in terms of mechanical response. 
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2 EXPERIMENTAL PROGRAM AND TESTED MATERIALS 
 

Natural Zemmouri (Algeria) sandy soil material was collected at a shallow depth, along the 
beach of Zemmouri el Bahri from liquified soil deposit areas. Having a maximum diameter 
“Dmax” of 2.5 mm and minimum diameter of 0.008 mm, mixed separately with three different 
types of fines: fly ash fines “FA”, bentonite fines “FB” and kaolin fines “FK”. To form three 
groups of samples: 

- Zemmouri sand- fly ash mixtures, -Zemmouri sand-bentonite mixtures, - Zemmouri sand-
kaolin mixtures”  

Each group is subdivided to give five samples according to the percentages set for the related 
fines at 0%, 5%, 10%, 20% and 30%. Totaling 15 non-saturated samples altogether for the three 
groups. All samples are reconstituted by the dry funnel pluviation method with an initial constant 
relative density (Dr = 55 %), using the direct shear testing (ASTM D3080), at a velocity of 
0,5mm/min. The sand mixtures used in this experimental study are shown in (Figure 1), The grain 
size distribution of the tested samples are presented in Figure 2. The choice of this material was 
due to the particular violent earthquake that shook this area, on May 21, 2003. whose magnitude 
was 6.7 on the Richter scale. This earthquake was the deadliest in Algeria since the 1980 El As-
nam (currently Chlef). has caused enormous deformations to the soil such as: landslides and liq-
uefaction. 

 
 

 (a)Zemmouri sand                     (b) Fly ash.                                  (c )  Kaolin                             (d) Bentonite 

Figure 1. Tested materials 
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Figure 2. Grain size distribution curves of Zammouri sand-fines mixtures. 

(a) Zammouri sand- bentonite mixtures, (b) Zammouri sand- Fly ash mixtures, (c ) Zemmouri sand-

kaolin mixtures 
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Figure 3. Void ratios index of Zemmouri sand -fines versus fines content. 

(a) Zemmouri sand-bentonite mixtures; (b) Zemmouri sand-Fly ash mixtures; 

(c) Zemmouri sand-kaolin mixtures 

Table1. Physical properties of Zemmouri Sand –bentonite. 

Physical properties Material tested Bentonite 

FB(%) 0 5 10 20 30 100 

Dmax (mm) 2.5 2.5 2.5 2.5 2.5 0.008 

Gs 2.65 2.647 2.644 2.638 2.626 2.59 

D10 (mm) 0,27 0,23 0,2 0,005 0,0009 - 

D30 (mm) 0,4 0,39 0,29 0,005 0,001 - 

D60 (mm) 0,6 0,6 0,6 0,6 0,5 - 

Cu (-) 2,22 2,61 3 - - - 

Cc (-) 0,98 1,102 0,701 - - - 

emax (-) 0.803 0.736 0.729 0.765 0.847 - 

emin (-) 0.520 0.474 0.437 0.472 0.471 - 



e (-) 0.647 0.592 0.568 0.604 0.641 - 

 

Table 2. Physical properties of Zemmouri Sand –fly ash 

Physical properties  Materials tested Fly ash  

FA(%) 0 5 FA(%) 0 5 FA(%) 

Dmax (mm) 2.5 2.5 Dmax (mm) 2.5 2.5 Dmax (mm) 

Gs 265 2.615 Gs 265 2.615 Gs 

D10 (mm) 0,25 0,22 D10 (mm) 0,25 0,22 D10 (mm) 

D30 (mm) 0.39 0.39 0.35 0.33 0.18 - 

D60 (mm) 0.62 0.62 0.62 0.60 0.60 - 

Cu (-) 2.48 2.82 2.30 - - - 

Cc (-) 0.981 1.115 0.732 - - - 

emax (-) 0.803 0.9705 0.9695 0.9531 0.8988 - 

emin (-) 0.520 0.6466 0.5906 0.5047 0.4696 - 

 
 

Table 3. Physical properties of Zemmouri Sand –Kaolin 

Physical properties Material used Kaolin 

FK (%) 0 5 10 20 30 100 

Dmax (mm) 2.5 2.5 2.5 2.5 2.5 0.008 

Gs 2.65 2.647 2.644 2.638 2.632 2.57 

D10 (mm) 0.28 0.21 0.18 0.003 0.0019 - 

D30 (mm) 0.4 0.4 0.38 0.38 0.018 - 

D60 (mm) 0.06 0.06 0.06 0.06 0.49 - 

Cu (-) 2.143 2.857 3.33 - - - 

Cc (-) 0.952 1.269 1.337 - - - 

emax (-) 0.803 0.871 1.054 1.435 1.856 - 

emin (-) 0.520 0.451 0.519 0.533 0.719 - 

e (-) 0.647 0.640 0.762 0.939 1.230 - 

 
 

3 MECHANICAL RESPONSE OF THE TESTS CARRIED OUT 

3.1 Zemmouri sand-bentonite mixtures 

The influence of the high plastic bentonite content (FB=0%,5%,10%,20% and 30%) on the shear 

resistance of Zemmouri sand-bentonite mixture is clearly illustrated in (Figure 4a, 4b). The sam-

ples were reconstituted with an initial relative density (Dr =55%) and subjected to two initial 

normal stresses (σn=100 and 300kPa).  

The results of various tests indicate that the addition of the bentonite content has an influence on 

the mechanical behavior of the Zemmouri-bentonite mixture. However, the shear strength de-

crease with an increase in bentonite content for the two normal stresses considered; (τpic =88.6 

kPa ,88.5 kPa, 82.3kPa,85.2kPa and 69.8kPa for σn=100kPa. However, for a normal stress of 

300kPa we have an increase in the increase of bentonite content until a threshold of (FB=5%) ;( 

τpic=247.564kPa and 255.948kPa), FB=0% and FB=5% respectively. 

In the same normal stress(300kPa) a decrease in the increase of bentonite content was observed, 

(τpic=246.7kPa, 230.4kPa and 209.8kPa) as presented in in the two previous figures. The results 

of this study are in a good agreement with Bayat 2014. 

 



 

                           (a)                                                                                 (b) 
  Figure 4.  Effect of bentonite fraction on the mechanical behavior of Zemmouri sand 

(a) (σn=100 kPa)- (b) (σn=300kPa), Dr=55% 

(b) Evolution of shear stress, 

 

3.2 Zemmouri sand-kaolin mixtures  

Figures 5a and 5b present the results of direct shear box test for the purpose of analyzing the effect 
of plastic kaolin content (FK=0%,5%,10%,20% and 30%) on the mechanical behavior of 
Zemmouri sand-kaolin mixtures samples on which were prepared at the lab with the dry pluvia-
tion method, for medium dense initial relative density (Dr=55%), under two initial normal stresses 
(σn=100 kPa and 300 kPa). From these figures below, we notice that the shear strength decreases 
progressively with the increase in the content of plastic kaolin for 300 kPa of normal stress (247.5 
kPa; 230.7 kPa; 207.3kPa; 169.6kPa; 139.9kPa for 300 kPa) figure 5b. while the shear stress 
variation in normal stress (100kPa), is illustrated in Figure 5a as (88.6 kPa; 89.3 kPa; 82.9 kPa; 
84.6 kPa; 54.3kPa) means that the shear resistance remains almost the same from 0% to 20% after 
that it decreases about 36%. 
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Figure 5. Effect of kaolin fraction on the mechanical behavior of Zemmouri sand 

(a) (σn=100 kPa)- (b) (σn=300kPa), Dr=55% 

Evolution of shear stress, 

 

3.3 Zemmouri sand-fly ash mixture 

 

For the purpose of studying the impact of the non-plastic fly ash content (FA=0%,5%,10%,20% 

and 30%) on the shear strength of Zemmouri sand -fly ash mixtures, Figure 6a-6b, reproduce the 

results obtained from this study. The samples of the sand -fly ash mixtures were reconstituted by 

the of dry pluviation method at an initial relative density (Dr=55%) and subjected to three initial 

normal stress (σn =100 and 300kPa). 
(Figures 6a and 6b) show a decrease of the shear strength with the increase of fly ash content for 

initial normal stress of 100kPa, but for 300kPa, a very slight decreases in shear strength are no-

ticed for all percentages. The results obtained indicate that the parameter fly-ash content has a 

significant influence on mechanical response on Zemmouri sand-fly mixture. The trend of the 

shear strength decrease with the increase of fly ash content can be attributed to the decrease of 

entanglement between the particles of Zemmouri sand. 

the increase of fly ash content can be attributed to the decrease of entanglement between the 

particles of Zemmouri sand. 

 

                                     (a)                                                                     (b) 

Figure 6. Effect of fly-ash fraction on the mechanical behavior of Zemmouri sand 

(a) (σn=100 kPa)- (b) (σn=300kPa), Dr=55% 

Evolution of shear stress 

 

4 Conclusion  

The research main focus is to study the effect of three types of fine additives on Zemmouri sand 

shear strength. The fines added are a high plasticity bentonite, a low plasticity kaolin and non-

plastic fly-ash, forming three groups. Each group is subdivided to give five samples according to 

the percentages set for the related fines at 0%, 5%, 10%, 20%, 30%. Totaling 15 samples alto-

gether. All samples are reconstituted by the dry funnel pluviation method, with an initial constant 

relative density (Dr = 55 %), And subjected to two initial normal stresses (σn=100and 300 kPa).  
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- The obtained test results show that the fines fraction controls the mechanical response of the 

mixtures: Zemmouri sand-bentonite, Zemmouri sand -kaolin and Zemmouri sand fly-ash respec-

tively.  

From the observation, the results clearly show that the presence of fines induce a behavior of 

almost the same similarity, although a few difference in bentonite and kaolin for normal stress σn 
of 300 kPa, where the shear strength at the peak decreases slightly for the first and sharply for the 

second.  

- For 100 kPa the variation in shear strength remains almost the same for kaolin and bentonite, 

even though their plasticity indexes are very different. 

- For fly ash and for the two initial normal stress (σn=100 and 300kPa), the behavior shows that 

the shear strength decreases with an increase of fly ash fraction. 

- The addition of all the three-fine content to Zemmouri sand induces a continuous decrease of 

shear resistance. And no soil improvement was recorded or observed. 

- from 0 to 30% of fine content, we noticed that the optimum (FC thresholds) was not reached in lab 

with the conducted tests. 

In the future we suggest to continue a research using the same sand mixtures from 30 to 45%, 

with 5% increment, in order to detect an optimum (FC thresholds), if any. 
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