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Abstract

The shear strength of soil is the resistance to deformation by continuous shear
displacement of soil particles. The angle of internal friction and cohesion are
the shear strength parameters of soil. The effect of fines on peak friction angle
and critical friction angle is studied. The sand and silt samples are collected
and five samples are prepared with various mix ratios of medium sand and silt.
Its index properties such as specific gravity, particle size distribution,
maximum dry density and optimum moisture content are determined. Using
direct shear test the shear strength parameters are found for every sample. The
peak friction angle, critical friction angle and maximum shear stress for each
sample are compared and studied. It is found that the shear strength parameter
values decreases with the decrease in the particle size of the soil and also it
appears that D10 has higher influence on peak friction angle and critical
friction angle.

Keywords: Angle of internal friction, Particle size, Peak friction angle,
Shear strength.

1. Introduction

gravel and coarser than silt. The most common
constituent of sand is silica usually in the form of quartz.

Soil is the most important material in civil engineering,
because of which the knowledge on each and every
property of soil is important. Soil is a natural material
and hence its properties vary considerably from place
to place. The behaviour of clay soil depends on its
plasticity and stiffness. The behaviour of sandy soils
depends on its particle size distribution, angle of
internal friction and relative density. Based on the type
of soil and nature of the project a detailed test
programme is planned. Sand is a naturally occurring
granular material composed of finely divided rock and
mineral particles. It is defined by size, being finer than
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It is cohesion less and non-plastic. Silt is a granular
material of a size between sand and clay whose mineral
origin is quartz and feldspar. The main objective of this
study is to determine the effect of fines on peak friction
angle and critical friction angle by using direct shear test
on different samples of sand, silt and sand silt mixtures.

2. Materials and Methods

2.1 Materials — Sample Collection and Preparation Sand
sample is collected from Chengalpattu palar river basin
and the silt sample is collected from Sholinganallur,
Kanchipuram district, Tamil Nadu. Samples thus
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collected are oven dried, pulverized and used for
detailed laboratory investigation. Five samples with
different mix ratios are prepared for testing. All the
samples are designated as shown in Table 1. Sample
Designation
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The detailed laboratory investigations were carried out as
presented in the following sections.

2.2.1 Index Properties

Specific gravity tests were conducted using specific
gravity bottle as per IS 2720 (part 3/sec 1)-1980. Grain
size distribution analysis were performed by mechanical

Designation Sample sieve analysis as per IS 2720 (part 4)-1985. Grain size
distribution analysis were performed by hydrometer
S1 100% medium sand analysis as per IS 2720 (part 4)-1985. Relative density
S2 75% medium size sand and 25% silt tests were carried out as per IS 2720 (part 3/sec 1)-1980.
33 50% medium size sand and 50% silt The results obtained are summarized on Table.2. The
S4 259 medium size sand and 75% silt grain size distribution curve of S1, S2, S3, S4 and S5 are
35 100% silt shgwn in figure 1. The compaction curves qbta_lned by
using Standard Proctor Test results are shown in figure 2.
2 Methods
X D10 | D3o | Deo poefficient of  (Coefficient of ~ Specific Miaximum dry | Optimum
sample . . . density moisture
mm)  mm)  mm) curvature, C. | uniformity, C, | Gravity (kg/co) content (%)
S1 045 D48 D.55 0.93 1.22 2.6 1.692 6.7
S2 0.08 05 D57 5.48 7.13 2.61 1.635 7.1
S3 002 D15 .5 2.25 25 2.57 1.581 7.7
S4 D.009 .08 .25 2.84 27.77 2.54 1.525 8.4
S5 .0029 061 |.068 18.86 23.44 2.49 1.473 8.8
Table 2. The index properties of samples
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Figure 1.a. Grain Size Distribution
Sample 1
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Figure 1.b. Grain Size Distribution
Sample 2
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2.2.2 Direct Shear Test

A series of Direct shear tests were conducted on
samples of sand, silt and sand silt mixtures for
different normal stresses 1kg/sq.cm, 1.5kg/sq.cm,
and 2kg/sg.cm. The procedure used during the
direct shear testing programme are based on IS
2720 (part 13) — 1986. The direct shear tests
conducted on samples S1,52,S3,S4 and S5, then the
test results arrived are used to draw the stress strain
curves. These curves are shown in fig 3. Each
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figure shows the stress strain relationship of the
sample for different normal stresses. The maximum
shear stress was calculated from these curves are
presented in the Table 3. The figure 4 Shows the
stress strain relationship of all sample for different
Normal stresses. The relationship between Normal
stress and shear stress at peak and critical
conditions are shown in figure 5. The peak and
frictional angles are calculated from the slope of the
lines shown in the fig 5 are tabulated in the Table 3
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Sample Normal stress Maximum Shear Maximum shear Peak friction Critical
(kg/sqcm) force (kg) stress (kg/sgcm) angle (?p) friction angle
(9c)
1 23.58 0.655
S1 15 36.9 1.025 33.2° 24.8°
2 47.34 1.315
1 22.716 0.631
S2 15 315 0.875 30.32° 23.04°
2 43.92 1.22
1 20.124 0.559
S3 15 28.116 0.781 28.76° 22.14°
2 38.88 1.08
1 19.728 0.548
S4 1.5 27.036 0.751 26.9° 20.98°
2 36.36 1.01
1 17.316 0.481
S5 1.5 23.832 0.662 22.83° 18.89°
2 32.472 0.902

Table 3.Peak and critical friction angle for different sample

)

N A

)

208 == At nomal stress 1
; ke/sqem

g 0.6 M‘l At normal stress 1.3
I -’.‘..r ke/sqem

504

o == At nomal siress 2
A ke/sgem

0®
DOST15225335445555665

Acxial strain (mm)

Figure 3.a. Stress strain curve for

Sample S1
12
| —/I,AT
0.8
/ —#— At normal stress 1
06 kglsqm

At normal stress 1.5
kg/sqem

Shear stress (kg/sqem)

=4—At normal stress 2
kg/sqem

005115225335 44535355
Axial strain (mm)

Figure 3.c. Stress strain curve for
Sample S3

Published by: The Mattingley Publishing Co., Inc.

12
T
;J,i 1
k] .
208 . =@-Atnomal stress |
é ke/sqem
206 Atnormal stress 1.5
“ ke/sqem
E 04 == At normal stress 2
7 ke/sqem

0051152253354455556
Axial strain (mm)

Figure 3.b. Stress strain curve for

Sample 2

12
~ 1
£ ;‘7 ' ‘04‘
Q
g03
__‘E == At normal stress 1
706 - =I—— ke/sqem
- At normal stress 1.5
r 04 kg/sqem
5 == At normal stress 2
%oz kg/sqem

0051 152253354455 355

Axial strain (mm)

Figure 3.d. Stress strain curve for
Sample 4

6353




TIEST

Engineering & Management

January - February 2020

ISSN: 0193 - 4120 Page No. 6349 - 6361

Shear stress (kg/sqem)
= s :
?

0

0051152253354455
Axial strain (mm)

=B At normal stress 1
kefsqem

~t=At nomal stress 1.3
kefsqem

=4=Atnormal stress 2
kefsqem

Figure 3.e. Stress strain curve for
Sample S5

=B=Sample §1
=d=Sample §

Shear stress (kg/sqcem)

~i-Sample $3
0-Sample $4
——Sample §5

Axial strain (mm)

E
g o
70
; 0
gl 0
706
4
w
04
1]
=
w
02
0
0 1 2 3 4

Axial strain (mm)

=#=Sample S1
=h=Sample §2

0-Sample $3
=f=Sample 54
=4=Sample 85

Figure 4.a. Stress strain curve at
Normal Stress of 1 kg/sg.cm

Figure 4.b. Stress strain curve at
Normal Stress of 1.5 kg/sg.cm

=#=Sample §1

== Sample §2

0-Sample 83

Shear stress (kg/sqoem)
i = E E v

== Sample $4
== Sample §

Figure 4.c. Stress strain curve at

Normal Stress of 2

Published by: The Mattingley Publishing Co., Inc.

kg/sg.cm

6354



TIEST

Engineering & Management

-

=12 . /

E Pp=332

|

) =,

Loy | / W

n

n

g 06 | }/ # At peak stress
@

504 /1/ At crifical stress
2

w2

=

002040608 1 121416182 22
Normal stress (kg/sqem)

Figure 5.a. Variation of Shear Stress
With Normal Stress for Sample S1

12
3

’E‘ |
%os =6 /
£ 05 (—
270 oenie / el
2 6
g # At peak stress
W
5 04 / 1 1 | ® At critical stress
£
w02

NZANENEERE

002040608 1 12141618 2 22
Normal stress (kg/sqem)

Figure 5.c. Variation of Shear Stress
with Normal Stress for Sample S3

January - February 2020
ISSN: 0193 - 4120 Page No. 6349 - 6361

-

(=
bt

| gp=3032°

B B0

g%
/‘
Wi

0 02040608 I 12141618 2 22

=
=

# At peak stress

® At enifical stress

Shear stress (kg/sqcm)
= =
= =

=
=

Normal stress (kg/sqem)

Figure 5.b. Variation of Shear Stress
with Normal Stress for Sample S2

12
-~
g1
0
S | =26y
W 08 A
A - 0 )
< 10=2098
n 06 P
g # At peak stress
n
M o ® At enitical stress
2
7 02

0

002040608 1 12141618 2 22
Normal stress (kg/sqcm)

Figure 5.d. Variation of Shear Stress
with Normal Stress for Sample S4

, [T

=
=y
|

Bp = 228%°

=
=
|

0 = 18.89°

=
=

# At peak stress

= 0f
=

Shear stress (kg/sqem)
= =
& n

=
i

® At critical stress

=

Zdan

=

Normal stress (kg/sqem)

002040608 1 12141618 2122

Figure 5.e. Variation of Shear Stress
with Normal Stress for Sample S5

Published by: The Mattingley Publishing Co., Inc

6355



T IEST

Engineering & Management

2. Results and Discussions

All the test results are presented in the Table 4. The
figure 6 shows the variation of critical and peak angle
of friction for all five samples. The critical friction
angles are comparatively lesser than the peak friction
angle for all the samples.The variation of peak and
critical friction angles for sand, silt and sand silt
mixtures are shown in figure 7 and 8. The peak and
critical friction angles are higher for sand than the silt.
Both the angle of friction are decreases with the
increase in the percentage of silt content as in figure
8. The angle of friction increases when the percentage
of sand particles increases in the sand silt mixtures as
in figure 7. The shear stress values are increases when
the normal stress increases as shown in figure 3. The
shear stress decreases as the percentage of silt content
increases. The shear stress for sand is higher than the
value of silt. These was shown in figures 9 and
10.The values of D10, D30 and D60 are decrease with
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the increase in silt content and these values for silt are
lesser than the sand. These variations are shown in
figure 11 and 12. The semi log plots are drawn for
understanding the inference of D10 and D60 values in
the critical and peak friction angle. The equation of
the straight line found from the plots are used to
estimate the critical and peak frictionangle for any
particle size influenced by D10, D30 and D60. These
variations are shown in figure 13. These equations are
shown in the Table 5.

Sample | Di9 | D3p Dgo | Coefficient | Coefficient | Max Optimum | Peak Critical
of of dry moisture friction | friction
(mm) | (mm) | (mm) | curvature, uniformity, | density | content angle angle
Cc Cy (kgice) | (%) (Dp) (9c)
S1 0.45 0.48 0.55 0.93 1.22 1.692 6.7 33.2° 24.8°
S2 0.08 0.5 0.57 5.48 7.13 1.635 7.1 30.32° 23.04°
S3 0.02 |0.15 0.5 2.25 25 1.581 7.7 28.76° 22.14°
S4 D.009 |0.08  |0.25 2.84 27.77 1.525 8.4 26.9° 20.98°
S5 D.002 D.061  D.068 18.86 23.44 1.473 8.8 22.83° 18.89°
Table 4. Peak and critical friction angle for all samples
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Table 5. Peak and critical friction angle equations

Particle size Peak friction angle Critical friction angle
corresponding to equation equation
percentage finer (x) ) ¢4
Dy y = 1.924In(x) + 35.25 z =1.109In(x) + 25.91
D3 y = 3.581In(x) + 34.59 z =2.062In(x) + 25.53
Dgo y = 3.928In(x) + 33.06 z=2.39In(x) + 24.72

4. Conclusion

The effect of fines on the essential properties of non

peak friction angle than the critical friction

angle.

cohesive material was

studied through direct shear test

and following are the conclusions based on this study,

» It was found that the percentage of particles less
than 0.075 mm have higher influence on the

Published by: The Mattingley Publishing Co., Inc.

> It was found that as the fine content increases,
the peak friction angle varied steeply. The
percentage of variation is tending to become non
— linear when percentage varied from 30% to
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100%. However in the case of critical friction
angle, the rate of change in the critical friction
angle is much smaller. When percentage varied
from 50% to 100% the variation was found to be
more linear unlike peak friction angle.

» Percentage of medium sand content have a
much higher influence on the shear stress. At
higher normal stress the rate of increase of
maximum shear stress was found to be much
higher. It is seen that at lower normal stress,
percentage of medium sand grains has much
lesser influence. In case of silt, similar but
decreasing trend is seen.

» Medium sand grains have a much higher
influence on Dgy and Dy, It is seen that Dgg and
Do showed a non — linear increase. In case of
silt, similar but decreasing trend is seen.

» Similarly, the effect of Dy, D3 and Dg is
studied on the influence of peak friction angle
and critical friction angle. As can be seen that
the trend is identical for D3, and Dg, indicating
that the values of D3y and Dgy has very little
influence on peak friction angle and critical
friction angle.

» This conclusion is drawn mainly because
variation of slope intercept values are very small
between D5, and Dgy but variation between Dy
and D1y& Dgo and Dy is much higher.

» Therefore it is concluded that the grain size has
considerable influence on the friction angle.
From the study it appears that Dig has higher
influence on peak friction angle and critical
friction angle.

Acknowledgments

We are highly thankful to our secretary Dr.K.S.Babali,
and our Principal, Dr.P.K.Suresh for their valuable
support, encouragement and appreciation to our project.
We also thankful to Miss S.Revathy for writing this

paper.

References

[1] Antonio. J, Carraro. H, asce. A.M; Monica Prezzi,
A.M.asce; and Rodrigo Salgado, M.ASCE3 (2009).

Published by: The Mattingley Publishing Co., Inc.

[2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

January - February 2020
ISSN: 0193 - 4120 Page No. 6349 - 6361

“Shear Strength and Stiffness of Sands Containing
Plastic or Non -Plastic Fines”, Journal of
Geotechnical and Geo Environmental Engineering,
Pg No1167-1178.

Antonio J., Carraro H., Prezzi M. and Salgado
R.(2009), ‘Shear strength and stiffness of sand
containing plastic or non-plastic fines’, Journal of
geo technical and geo environmental engineering,
ASCE, Vol. 135, No.9,pp.1167-1178.

Al-Karni A.A (2006) Prediction of the complete
stress-strain curves of drained triaxial tests on
uniform dense sand. Electronic Journal of
Geotechnical Engineering, 16:102-106.

Bensoula M., Hanfi M. and Bendani K. (2014),
‘Critical Undrained Shear Strength of Loose -
Medium Sand Silt Mixtures under Monotonic

Loadings’, Electronic Journal of Theoretical and
Applied Mechanics, Vol. 53, pp. 331-344.

Castellanous. A (2005). “ The relationship between
attractive interparticle forces and bulk behaviour in

dry and unchanged fine powders.” Advances in
Physics, Vol.54, No.4, June 2005, 263-376.

Chu,J., and Leong, W.K. (2002). “Effect of fines
on instability behaviour of loose sand.”

Della N, Arab A, Belkhatir M (2011) Effect of
initial confining pressure and depositional method
on the undrained shearing response of medium
dense sand, Journal of Iberian Geology, 37: 37-41.

Duncan J, Chang C (1970) Non-linear analysis of
stress and strain in soil. Journal of Soil Mechanics
and Foundation Engineering Division, ASCE
96:1629-1653.

Esmamostefakara, = MouradMeghachou,  Nabil
Aboubekr (2013) ‘Contribution of Particles Size
Ranges to Sand Friction’ — Journal of Engineering,
Technology & Applied Science Research, pp. 497
- 501.

G. H. Meng, P. Bandhini (2000) ‘Shear strength
properties of a residual soil in Singapore’ — Journal
of geotechnical and geoenvironmental engineering,
pp. 55 —58.

Gonghuiwang, KyojiSassa, Hiroshi Fukuoka,
and Takahiro Tada (2007) ‘Experimental Study on
the Shearing behavior of Saturated Silty Soils

6359



T IEST

Engineering & Management

Based on Ring-Shear Tests” - Journal of
geotechnical and geoenvironmental engineering,
pp. 319 - 333

[12] Gupta R, Trivedi A (2009) Effects of non-
plastic fines on the behavior of loose sand an
experimental  study Electronic  Journal  of
Geotechnical Engineering, 14:1-15.

[13] Hansor.D, Gan Y (2015) “Contact mechanics of
fractural surfaces by spline assisted discretisation”,
International Journal of solids and structures,
Vol.59, pp 121-131

[14] Haider M, Huat B.K, Malek M.A, Noor Dis M
(2011) Effect of mixing fine sand on the drained
shear strength of completely decomposed granite
soil, International Journal of GEOMATE, 1:10-18.

[15] Hoeg K, Dyvik. R, Sandbaekken G (2000)
Strength of undisturbed versus reconstituted silt
and silty sand specimens, Journal of Geotechnical
and Geoenvironmental Engineering, ASCE,
126:606-617.

[16] Hsiao. D.H (2015)”, Engineering Behaviour and
Correlated Parameter from Obtained Results of
Sand Silt Mixtures”, Soil Dynamics and
Earthquake Engineering, pp137-151.

[17] Islam. M.N. (2009), “Effect of Intermediate
Principal Stress on the Shear Behavior of Granular
Materials using 3D-DEM” Master’s Thesis,
Department of Civil and Environmental
Engineering Saitama University, Japan

[18] J. Antonio, H. Carraro, Monica, Rodrigo
Salgado (2009) ‘Shear Strength and stiffness of
sands containing plastic or nonplastic fines -
Journal of geotechnical and geoenvironmental
engineering, pp. 1167 — 1168.

[19] J.M. Teuten (2012) Shear characteristics of
soils with varying silt/clay fractions’- Journal of 1st
civil and environmental engineering student
conference, pp. 25 — 26.

[20] P. J. Vardanega, M.D. Bolton (2011) ‘Strength
mobilization in clays and silts - Canadian
geotechnical journal, pp. 88 — 90.

[21] S. A. Naeini, R. Ziaie Moayed (2007)
‘Evaluation of undrained shear strength of loose

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 6349 - 6361

silty sands using CPT results’ — International
journal of civil engineering, pp. 30 - 37

[22] S.K. Vanapalli, AWright, D. G. Fredlund
(2000) ‘Shear strength behaviour of a silty soil over
the suction range from 0 to 1,000,000 kpa’ —
Proceedings of the 53 Canadian geotechnical
conference, pp. 45 — 48.

[23] Soil  mechanics and  foundations by
Dr.B.C.Punmia, Ashok Kumar Jain, Arun Kumar
Jain

[24] Thomas |. brandon, Andrew T. Rose (2006)
‘Drained and Undrained Strength Interpretation for
Low-Plasticity Silts - Journal of geotechnical and
geoenvironmental engineering, pp. 250 — 257.

[25] Usmani, G. V. Ramana, K. G. Sharma (2011)
‘Experimental ~ Evaluation of Shear-Strength
Behaviorof Delhi Silt under Static Loading
Conditions - Journal of materials in civil
engineering, pp. 533 — 541.

Authors
Arivazhagan R, Obtained
graduate degree from Institution of
Engineers (India). Obtained
Master’s degree M.Tech in Coastal

Management from College of
Engineering, Guindy Anna
University, Chennai.  Pursuing

Ph.D in Geotechnical Engineering
from Division of Soil Mechanics and Foundation Engineering,
College of Engineering, Guindy, Anna University, Chennai.
More than 15 years of experience in teaching. Conducted
many Faculty Development Programmes, Guess lectures in
various institutions and universities. Visiting Professor at
College of Engineering. Attending many conferences and
published papers in conferences and international journals.
Published a paper in Journal of Computational and
Theoretical Nano Science in the name “Influence of Grain
Size and its distribution on Hyperbolic Model Parameters for
Dry Sand”. “Consolited undrained triaxial behavior of sand-
silt mixtures” paper and “Influence of grain size and its
distribution on the Deformation Modulus and Stress-Strain
Characteristics of Sand” paper was published in Indian
Geotechnical Conference.

6360



TIEST

Engineering & Management

Programme.

Xavier Vedha Rayan BS, Assistant
Professor at Sri Sai Ram Institute of
Technology.

Abinanda NR, Doing B.E. in civil
engineering in Meenakshi Sundararajan
Enineering College.

Premalatha K, Professor, Division of
Soil  Mechanics and  Foundation
Engineering at College of Engineering
Guindy. Attending many conferences and
published papers in conferences and
international journals. Guiding students in
various projects and Post Graduate

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 6349 - 6361

6361



