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The shear strength parameters play an important role in many practices
for geotechnical engineering. To determine the real values of these
parameters requires undisturbed samples and that is difficult for
cohesionless soil. So, prediction of shear strength parameter such as angle
of internal friction in the case of cohesionless soil with the help of grain-
size distribution provides a good opportunity to obtain this parameter
without using of more laboratory tests. The grain-size distribution is
commonly used for soil classification, design of filters, and ....etc. This
study was undertaken in order to quantify the variation of the values of
angle of internal friction due to variation of contents of sand soil between
fine, medium, coarse sand, or mixtures from some or all of these types.
Many types of sand soil have been investigated for this purpose. Shear box
tests were conducted using samples of different dry densities. This paper
proposed new empirical equations and curves to predict the angle of
internal friction for sand soil using the grain-size distribution curve.

KEYWORDS: Grain-size distribution, Shear strength parameters, Angle
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1. INTRODUCTION

The grain-size distribution is a simple, yet informative test routinely performed in soil
mechanics. It is commonly used for soil classification; however there is also potential
to use the grain-size distribution as a basis for estimating soil behavior. For example,
much emphasis has recently been placed on the estimation of the soil-water
characteristic curve. Theoretically representing the grain-size distribution provides
several benefits. First, the soil may be classified using the best-fit parameters. Second,
the mathematical equation can be used as a basis for analysis related to estimating the
soil-water characteristic curve. Third, a mathematical equation can provide a method of
representing the entire curve between measured data points, fredlund et al. [1].
Numerous methods have been developed for determination the angle of internal
friction. These methods include the field and laboratory tests. Also, to determine the
real value of angle of internal friction (o), special techniques should be followed such
as undisturbed samples and this is difficult for cohesionless soil, type of shear strength
test, and initial overburden pressures should be taken into consideration. On the other
hand, only the grain-size distribution curve does not depend on undisturbed sample.
The interpretation of the grain-size distribution is typically carried out manually and
mechanically. Further details concerning the testing procedure of the sieve analysis test
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are provided by many references related to soil mechanics and as mentioned in the
Egyptian code of soil mechanics and foundations design [2]. There are three general
categories of grain-size distributions well-graded, uniform, and gap-graded. The grain-
size distribution curve provides information on the distribution of the solid phase of the
soil. Since the solids plus the voids add up to the total soil volume, it is to be expected
that the distribution of the solids phase (i.e., grain-size distribution) would tend to bear
an inverse relationship to the distribution of voids and vice versa [1]. The relation
between solids and voids can be represented by dry density which can be determined in
the field. In spite of difficulties obtaining undisturbed sample from sand soil, but Pralle
et al. [3] stated that conventional sampling methods fail to produce undisturbed
samples from loose sands below groundwater level. However, the soil-freezing method
has proven to cause the least disturbance possible in such soils. Although freezing soil
does not maintain the sample in its original state of stress, structure and texture are well
preserved under the premise that the soil has been subjected to the least possible
disturbance during installation of the necessary equipments.

This study was undertaken in order to quantify the variation of the values of
angle of internal friction due to variation of content of sand soil between fine, medium,
coarse sand, or combination from all of these. Shear box tests were conducted using
samples of different dry densities as used by Hamdy [5]. Also, this paper proposed a
new method to identify the angle of internal friction (¢) for sand soil using grain-size
distribution curve. Many types of sand soil have been investigated for this purpose.

2. EXPERIMENTAL WORK

In the present study, seven specimens of sand with different grain-size distribution
have been studied. To carry out the sieve analysis test, the sand soil was washed on
sieve has opening of 0.063 mm to make sure that its do not include any percentage of
fine soil. To determine the angle of internal friction (¢), a direct shear box test was
used. According to the procedure of the test, there are three different tests
Unconsolidated-undrainded test, Consolidated-undrained test, and Consolidated-
drained test. Bowles (1986) mentioned that for cohesionless soil, all three of the above
tests will give the same results, whether the sample is saturated or unsaturated and, of
course, if the shearing rate is not extremely rapid [4].

2.1. Soil Description and its Properties

The used soil for the tests is sand with different types. Seven specimens of sand with
different grain-size distribution have been chosen and denoted as sand I, Il, 11, IV, V,
VI, and sand VII. The sieve analysis tests were carried out to determine the grain size
distribution curve of the tested sand soils as shown in Figures 1 and 2. The properties
of the used sand soils such as effective diameter (Do) and D3y, Dsg, Dgo, Dgs uniformity
coefficient (U.), and coefficient of curvature (C.) are tabulated in Table 1. It can be
found that sand I, sand Il, and sand Il are approximately coarse, medium, and fine
sand, respectively. Whereas, sand 1V, sand V, sand VI and sand VII are consist of the
three types of sand with different ratios as shown in Figure 2. The contents of the used
sand soil, (fine, medium, and coarse), in all specimens are tabulated as shown in Table
2.
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Figure 1. Grain-size distribution curves for the tested sand soils I, 11, Il

Silt Sand Gravel

Fine Medium Coarse

xr/
14

100

90

80

70

60

50

40

30

—>—Sand IV
- 8- Sand Vv
—@— Sand VI
= A= Sand VIl

Percentage Passing, N (%)

20

10

0.01 0.10 1.00 10.00
Diameter, D (mm)

Figure 2. Grain-size distribution curves for the tested sand soils IV, V, VI, VII
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Table 1. Properties of the used sand soils

H DlO D30 D50 DGO D85
Specimen | omy | om) | (om) | mm) | @mm) | Yo | Co
Sand | 0.51 0.71 1.0 1.14 1.56 2.0 0.78
Sand 11 0.28 0.35 0.41 0.44 0.49 1.57 1.0
Sand 11 0.064 0.071 0.1 0.13 0.2 2.03 | 061
Sand IV 0.072 0.24 0.5 0.62 1.32 8.61 1.29
Sand V 0.072 0.24 0.4 0.44 0.6 6.11 1.82
Sand VI 0.066 0.16 0.23 0.44 0.9 6.67 | 0.88
Sand VII 0.065 0.13 0.32 0.37 1.0 5.69 0.7
2
D D30
Where Ue =—=00 and Ce = g 1)
D10 De0xD1o
Table 2. Contents of the used sand soils
Speci Percentage of different types of sand (%)
pecimen Fine sand Medium sand Coarse sand

Sand | 85 15 0

Sand Il 0 100 0

Sand 111 0 15 85

Sand IV 25 31 44

Sand V 24 62 14

Sand VI 43 36 21

Sand VII 27 48 25

2.2. Study Cases

There are seven different sand soils are obtained to determine the angle of internal
friction. Three different values of dry density (yq) for each type of sand soils, 1.5, 1.6,
and 1.7 gm/cm?® were used. All tests were carried out according to the Egyptian code of
soil mechanics and foundations design [2]. The tests can be carried out mechanically or
manually. To obtain any certain value of dry density, the sand is placed into a shear
box having a known volume by a specific designed weight.

3. ANALYSIS OF RESULTS AND DISCUSSIONS

In the following sections, the results obtained from experimental tests are presented
and discussed. Three groups of tests for three values of dry density (yq = 1.5, 1.6, and
1.7 gm/cm?®) were performed. Each group includes the tests required to determine the
angle of internal friction () for seven different types of sand soils as mentioned before.
The results obtained from all tests are tabulated in Table 3. This table includes average
diameter D,, and values of angle of internal friction (¢) for seven different types of
sand soils and three groups having three previous values of dry density.
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Table 3. Values of average diameter and test results

Values of angle of internal friction (¢)°

Specimen Day Group | Group Il Group 111
(mm) ya=1.5 va=1.6 ya=1.7

(gm/cm?) (gm/cm?) (gm/cm?)
Sand | 0.996 40.56 43.46 45.85
Sand Il 0.394 36.36 40.25 46.60
Sand 1 0.113 33.53 37.04 40.24
Sand IV 0.55 34.62 38.36 39.62
Sand V 0.35 33.16 38.03 40.24
Sand VI 0.36 33.16 39.94 42.89
Sand VII 0.377 32.42 39.32 44.00

Where Doy = D10+D30+D550+D60+D85 @)

3.1. Angle of internal friction versus dry density

Figures 3 and 4 show the relationships between dry density of sand and the angle of

internal friction (o) for different types of sand soils.
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Figure 3. Angle of internal friction versus dry density for sand soils I, Il, and Il1.

From Figure 3, it can be noticed that the angle of internal friction increases as
dry density increases. Also, it can be found that by increasing the particle size the angle
of internal friction increases too and this clear in sand | which consists of coarse sand,
whereas, sand Il and sand Il consist of medium and fine sand, respectively and that is
for the same type of sand also.
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Figure 4. Angle of internal friction versus dry density for sand soils 1V, V, VI, and VII.

From Figure 4, it can be noticed that the angle of internal friction increases as
dry density increases. Also, it can be found that, in the case of dry density equal to 1.5
gm/cm®, by increasing the percentage of coarse sand the angle of internal friction
increases too and this clear in sand 1V which approximately consists of 44% from
coarse sand, whereas, sand V, sand VI and sand VII consist of high percentage from
medium and fine sand, respectively. In the case of dry density equal to 1.6 and 1.7
gm/cm?, because the summation of percentages of fine and medium sand are higher
than percentage of coarse sand, especially, in the specimens of sand V, sand VI, and
sand VII, so, the value of angle of internal friction is higher that for sand IV. This may
be due to the insertion of fine and medium particle in the voids of coarse sand to make
the specimens are less voids and the friction surface increases. Also, this leads to the
surface of shear as general shear failure.

3.2. Angle of internal friction versus average diameter (D)

Figures 5 and 6 show the relationships between average diameters (D,,) of sand soils
and the angle of internal friction (@) for different types of sand soils. Figure 5 shows
the relationships for sand soils consist of one type of sand, (fine, medium, or coarse
sand), such as specimens sand 1, 11, and Il1, whereas Figure 6 for sand soils consist of
all different types fine, medium, and coarse sand with different ratios such as
specimens sand 1V, V, VI, and VII.
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Figure 5. Angle of internal friction versus average diameter (D)
for sand soils I, 1, and III.

From Figure 5 and Table 3, it can be noticed that, , in the case of dry density
equal to 1.5 or 1.6 gm/cm®, the angle of internal friction increases as average dry
density increases. whereas, in the case of dry density equal to 1.7 gm/cm®, it can be
found that by increasing the average dry density results in increasing in the value of
angle of internal friction until certain value of D,, equal to 0.5 mm after that a slightly
decreasing in the value of angle of internal friction occurred. Looking for a curve in the
case of dry density equal to 1.7 gm/cm?, the beginning of curve represents a fine sand
(sand I11), then up to D,, equal to 0.5 mm represents a medium sand (sand 1), whereas,
the end of curve represents coarse sand (sand I). This leads to, in the case of coarse
sand; still the case of local shear failure is the dominant and this may be due to
decreasing in the contact surface between solid particles in the case of coarse sand.

From Figure 6 and Table 3, it can be found that when D,, is less than 0.37 mm
this case represents the specimens of sand V, VI, and VII, whereas, when D,, is more
than 0.38 mm this case represents the specimen of sand VII. It can be noticed that, in
the case of D,, less than 0.38 mm, for dry density = 1.5 gm/cm® the angle of internal
friction decreases as D,, increases after that it increases as D,, increases and the rate of
increasing is small. On the other hand, for dry density = 1.6 or 1.7 gm/cm® the angle of
internal friction increase as D,, increases until D,,~ 0.375 mm after that it decreases as
D, increases; and the rate of decreasing in case of dry density = 1.7 gm/cm?® is more
than that in the case of dry density = 1.6 gm/cm®.
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Figure 6. Angle of internal friction versus average diameter (D)
for sand soils IV, V, VI, and VII.

From the previous discussion it can be concluded that all types of sand (fine,
medium, and coarse) affect on the value of angle of internal friction (¢). The effect of
coarse sand is clear in sand specimens having low dry densities, whereas, in the case of
sand specimens having high dry densities the effect of fine and medium sands in the
value of angle of internal friction (¢) is more than those having low dry densities and
this is attributed to the particles of fine and medium sands inserted to fill the voids
between particles of coarse sand. This is clear in the case of sand specimens having dry
density = 1.6 or 1.7 gm/cm® due to increasing in the contact surface between solid
particles in the case of specimens having all types of sand.

3.3. Empirical equations to predict the angle of internal friction

From the above test results shown in the Figures 5 and 6 and regression analysis,
empirical equations to estimate the value of angle of internal friction (¢) for different
cases of densities and sand specimens with different values of average diameter (D,,)
are predicted. There are two cases of specimens as follows:

a) Case of the specimens consist of one type of sand, (fine, medium, or coarse)

q0=a1(Dav)2 +bi(Da) +C1 (3)
where a1 =—117.65 (74) + 175.76 @)
b1=122.45 (y4) — 174.88 (5)
c1=212(y74) + 08 (6)

where D, is the average diameter in mm and v, is the dry density in (gm/cm?).
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The above equations have coefficients correlation (R?) range from 0.92 to 0.96,
which are considered very good. The factors a;, by, and c; can also be obtained from
curves shown in Figure 7.
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b) Case of the specimens consist of all types of sand, (fine, medium, and coarse)

(/7=a2(Dav)2 +b2(Dav)+CZ )

where a2 =—5054.9 (74) + 7806.1 (8)
b2=4489.5 (74) — 6929.5 )

c2=-915.1(yq) + 1447.4 (10)

The above equations have coefficients correlation (R?) ranged between 0.99
and 1.0, are considered very good. The factors a,, by, and ¢, can also be obtained from
curves shown in Figure 8.
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Figure 8. Factors a,, b,, and ¢, versus dry density for sand soils 1V, V, VI and VII.
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4. CONCLUSIONS

The present study is concerned with the prediction of angle of internal friction for sand
soils with the help of grain-size distribution curves. In this study, the main parameters
were taken into consideration are slope dry density (yq) and average diameter (D,,) of
sand soils.

Based on the presented discussion and analysis of obtained results, the

following main conclusions are summarized as:

1)
2)
3)

4)

5)

6)

The angle of internal friction increases as particle size of each type of sand
(fine, medium, or coarse) increases.

The angle of internal friction increases as dry density increases and this is valid
for all specimens of sand soil.

In the case of low dry densities (near to loose state) by increasing the
percentage of coarse sand the angle of internal friction increases too.

In the case of high dry densities (near to medium or dense state) by increasing
the summation of percentages of fine and medium sand results in an increasing
in the angle of internal friction due to insertion of these particles between
coarse particle to increase contact shear surface as general shear failure.

In the cases of low dry densities or sand specimens consist of one type the
angle of internal friction increases as average diameter (D,,) increases,
whereas, in the case of high dry densities and sand specimens having all types
of sand, it decreases as (D,,> 0.37) increases.

Empirical equations to predict the angle of internal friction for sand soils were
presented as:

a) Case of specimens consist of one type of sand, (fine, medium, or coarse)

¢=aﬁDw)2+bKDw)+Cl
b) Case of specimens consist of all types of sand, (fine, medium, and coarse)

2
¢=ati) +bti)+Cz
where ay, by, ¢4, a,, by, and ¢, were mentioned before.

5. REFERENCES

Fredlund, M.D., Fredlund, D.G., and Wilson, G.W., “An Equation to
Represent Grain-Size Distribution,” Canadian Geotechnical Journal, Vol. 37,
pp. 817-827, (2000).

"Egyptian Code for Soil Mechanics & Design and Construction of Foundations,
Laboratory Tests," Part 2, (2001).

Pralle, N., Bahner, M.L., and Benkler, J., “Computer Tomographic Analysis of
Undisturbed samples of Loose sands,” Canadian Geotechnical Journal, Vol.
38, pp. 770-781, (2001).

Bowles, J. E., “Engineering Properties of Soils and Their Measurements,”
McGraw-Hill Book Company, Singapore, (1986).

Hamdy, D.B., “Geotechnical Properties of Shelly Sand at Hurgada,” 11"
International Colloquium on Structural and Geotechnical Engineering, ICSGE,
Ain Shams University, Cairo, Egypt, May 17-19, (2005).



Prediction Of Angle Of Internal Friction....... 379

AaATal Aulayl) Al AN SNSinY) Ayl Aaly oSl
il ol ciliate

S5 sl al &l e T Clua g dawaigl ikl daled) C bl o (adll 5 lag
S lalas Claa S il O guia ie 4 il HISEHY) da Gl Jie 2 Gal 53 e IS
a3 Aniall Jalail) o) a2y Cua 4BDA 5 <l jall  sailudl Tl sall e alal) 4 il Jazaa
(S AY) lalatind) e T8 g il yull avanal 5 4 il Cipiaal iy anall #adl Gl
sagd Ada il e Jsuanlly dliall p A lanal) (adll ol jlaa) @llia (adll cOllas apaall
O S (B 5 1A 5 Aelall Lealla 8 40 i e Aliall el o) s caagy leladll
G A e e N UiaY L o) ol s a5 A i) Jila O s glaY)
1iaad b aeladin el 1315 Ale N A il L g dalall (40 Lgple: Jgemal) Conall (00 068
Gl 153 (e g 53 JST LUK i my dpaayy llginiall 038 (e Arastigll (ol 54 (g
o g s S il ) o a3 AL AN £) 5 Ge dada 5 B g Jansia 5 acls (g Le Adia)
alaainly el (e Aaliaall cilipell 30200l SHKEAY) Ul 55 Cpund o3 385 138 Aol Gl 44
bl aad aa sl (e Adliaall il A NSV Ll g5 o Jayy a5 el il i)
Adbise ClEUS EO el a2 5 de JSI5 kil Ciliiniall 45 pSall dalgd) UM Jaus siall
GlIAK ALl JEUKY ol 3 Ay clunall Hlad 53l 30 ala 35 &)l @liaY a0y o an g S8
e el s Lein Jalat A8all Gl ae Ao giall 5 daclill Cilyall (e 4 353 50 4df 2a
s by alall (el jlgd] (A Anall (il gl s (e 4yl Jad a8y JlagdY) pedans 334 )
ool (e Aaliaall &) 5B A Al @LSial) Ll g5 andy gSEll Ay a8 ¥ olas apad o Caall
el Aalal) 28U g dass giddl hasl) da laa




