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1-Introduction

Soil is an important ingredient material used in building roads, buildings,
airports, bridges, railways, embankments, retaining structures, and earth
dams. In all these cases soil is used as either supporting material or
construction material. In the case of retaining structures, soil supports the
structure and is also supported by the structure. Engineers and technicians
who undertake the construction of massive structures must understand the
nature of the soil.

Soil investigation, analysis, design, and quality control measures are the
related aspects of soil studies. These are desirable if multi-core projects such
as building a network of roads and highways, skyscrapers in urban areas,
dams, and river valley projects are to be executed economically. This
requires a well-trained technical man fully conversant with the nature of the
soil. Here lies the importance of soil studies.
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2-Geotechnics
It is a science concerned with studying everything related to the physical
and chemical properties of soil and rocks for different construction sites such
as buildings, tunnels, municipal works, dams, mines .... etc. Thus, an
estimate of its engineering behavior is reflected in the proposed designs for
those sites.
Bl Aglesly dalal ailadll Ghile S Auy ety Mo saneliSigal)
v paliall cagandl ¢ Apall Jlee W1 ¢ Sl AaY) ; Jie dabisd) cileLay) a8l sal ) saiall
&8 sl Gl A il anebiaill e uSaty (5315 g pundigh ol jai Nilly 5 &)

2-a: Rock mechanics

It is the science concerned with the study of rock and the way it behaves
when exposed to loads and stresses.
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2-b: Soil mechanics

It is the science concerned with the study of soil and the way it behaves
when exposed to loads and stresses.
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3-Soil Formation

Soil with which the civil technicians are mainly concerned is 10 — 20 m
from the top mantle of the earth. This is the soil depth that is used in dealing
with all the small and medium projects. However, in the construction of high
dams, bridge foundations on rivers... etc., greater depths are required.

All types of soils are derived from either Igneous Rocks, sedimentary
rocks, or metamorphic rocks because of the processes of mechanical
disintegration, chemical decomposition, and solution. Since chemical
composition varies from one type of rock to another, this results in the
different properties of different types of soil.

The process of rock weathering is affected by climatic and other
conditions surrounding a rock undergoing alterations. This also affects the
properties of soil. A certain soil may have the same mineral composition as
the parent. Rock or new minerals may be formed because of the association
of water, carbon dioxide, and organic materials. The partial size of the
weathered rock i.e. soil may vary from large size boulders to small crystals
of clay minerals.
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4-Geologic Origin of Soils
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Soil is thought of as an Incidental material in the vast geological cycle.
The geological cycle consists mainly of three phases i.e. Earth movement,
erosion, transportation & deposition.

Exposed rocks are eroded and degraded by many processes of nature and
the resulting products are picked up by various agencies of transportation.
The shifting of material disturbs the equilibrium of forces in the structure of

the earth. Therefore, it causes the earth's movements. Fig (1) shows the
geological cycle.
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1. Weathering:
Weathering is the process of cracking or disintegration of rocks on the Earth's
surface by the action of rainwater, extreme temperatures, and biological
activity.
Ay sl iy 5
oY) s Lo saall el s dlee Ll (Weathering) dssdll dlee Cay a3 Sy
4 gail) e gl sl DG Alia 5 oo sl sad) Ll g 3l 5 ) jaldl il ja s ¢ jUaaY) sl 2y
A lal) 4y gl -
Physical ) 4sbsll 453l o (Mechanical weathering) 4SslSual 4 saill ¢aaas
(sl cxanilly Gaa¥ls cdalls bl Jie damplall 5l s 33le (Weathering
oLl fin s clewS 55 il o0l ) poall i (A5 Wil ) sioall nd Aasse La
Gsid ) AL sleall (o i o Sy Sliad £lgd gand st 1) Jalad) dbliall ol ABL) 45 ) g 8
gty (§saill mug Le i Led slall deady 5o al) cilajy (amlisdl die 5 o yaual
) Ll g 3 all ) saiall i sy S0 Bl elall Gl sl Gl o 2ie g 6o jluasil g Auall
{(Frost weathering) Ll 4 saill auly &3 sl (e & 530l 138 Ca el (5 Al (S
ol dga¥) dilee e 4SSl 4 satl) 8 XS aalas () 3] all cila jo 8 ol il Sy
laldi g 5 ) jall e saaall g ) 3oloall da yn A &l il a8 3) ¢(Thermal stress)
&"_15)3\ J}JA&A@JQ@JU c)&..a]\ g.nl.:ua\ ‘_A;\E..\.}J.c Q\JAS‘\S}A;A.K: «ﬂbgﬁd},ﬁ cEJ}J..\]\cA
cana 3 g celdl ) saall e ey jdl el atiay Ledie Gl KKl 3 il Eaaas o (K
e sl et cun o Laadl alall (S0 WS ddla Y15 ddamall ) saall 4 sa Lis
DA A8 sdiall Gilalua g (3588 ) Aadlall slaall Jaxs o8 3) ¢ (Haloclasty) CJA\ sl dalee
Aviea cJM\uJLMﬁL@}.E o)y olall o3 gad 2ie g ccld\ Gl el lag) 5o 4S5l oludll
Apilasst) 4y gaill-c
Llle dhaat oy ddiaeal) Ll bl jasil) die iy ) sduall @lE ¢aaas 4okl 4 o)
0508 aSt S e Jeld e i 3 ¢ sauall Tuadlall olpall 8 ddpnia Galeal 3 sa 5 Can
(sl saall Aala g el (any A1) a3 @l 0 S aes Z L) e UasY) olae aa
A sl Gaan LS A ibiassll 4 5ol Jal o (o XS yiiay il e il aaaldl Hladll () LS
sl e digme g gl 8 8 Gl G auall b sl faa o ausl die Leayl 4Ll
Aaall mhu) o jiall ) sels i Laleal sl e gt ) el hadll
G Y gl & gl
B Ay 8 el 5 oY sl g edy el Alee (8 Ladl sl of il gall s calilall oS
Cafdly (BRG] aus cund Lgild W sda sai ey ARRE sl (gaa) Jab Bile Ciess
Dsioall GLSE s 3 (o )Y s e s 3l el o LS dglgall b adad Al
.(Biological weathering) 4 o gl & 52l Co y2d Lo A ¢dy jill

2. Erosion:
It is the process of transferring weathering products from one place to another
by transport factors such as water, air, gravity....etc.
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The products of weathering and erosion lead to the formation of soil, They
are often classified into two types, depending on where they form:
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A. Residual Soil: Soil that remains in the place of weathering and is not
subject to transport factors is called residual soil.
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B. Transported Soils. If soils are carried away by force of gravity, water,
wind, and ice and deposited at another location, then these are called
transported soils.
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5-Crystal structures of the most important Iraqi lands
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6-Soil Definition

It is defined as the natural aggregates of mineral grains, loose,
inorganic, or organic in nature .Moreover, these grains have the property
of being separated using simple mechanical processes.

daul 5 Juadll dpald Lgilinal s 4fide dapla @) diaee Glis e (2 &S 2 4

Questions

1) Define Soil, Geotechnics, and Soil Mechanics: classify the soil according to the
deposit's site and granular size.

2) Define Residual & Transported Soil.

3) Draw and explain the geological cycle.

4) Draw a typical soil profile.

5) Draw a typical soil strata

6) Explain the Geological phases.

7) Explain briefly the crystal units and crystal patterns of Iraq's clays.

8) What are silicon, silica, and quartz?



4 il Caps

(Soil stabilization)
Ao ol il g Al 5 4 gy b g A Diblee Gaualy g el aul g mllaias 4 Al Cnds
A i o) L Aaigd) o jliall (B e (i e a3 (STA Il 8 Aee el 53 sl 203005
-l Opend ) deud (Ko
leishleail &5 5 ( Bearing capacity) &l dasi 8 Gaeadl dadaclf 4 alf cpdi -
Ol g Aay yud) 3kl gl Uaal) z % L) Al ‘;_s J) & WS Soil compressibility
ot dualad) (o il il Al 5l o) Alaall Al
(Al 8y ) Janlly it -1
el cuitl) -2

oSG i) -3
il Sull -4

slii) elld e JUS 5 dpbalaaiV) Julii g g5 @ Gpundy 3l Jliil duaed) Lol ceadif)- o
St Ay il i (o)) ple JSa V) mehans (5 e aa bl 5 5 Jiall (3lail 5 2 g0l
S 0 g i s Lo g () SIS Ji€an bl Ay 51 3 oL e a5 IS
Al il il 3kl o) Adal) Jl ey (A Al 5 B ) sladl caliial) e
" o Aeal)
e asy ) -1
gl el -2
SsbasS 5 Sl cnial) -3
) elall (5 glue (it il -4
(el il -5

(S lSall 28 ) Sl el
(5 sl it Aglonll iy KIS sal) () Al \ginalise Jul 5 A 5l RIS Fylee a
ool ALE Yala Aasiul badge ol s g i i) i g8 Gha¥l ey iy skl
GUNJ;MLLBLBJLLA} JE) Aol g1 Jasd) dulee Alid L s Ll Liad g ) 13
b sida Jaad)
Cpallaty Jasll (e & 53l 1 oy

1- Standard proctor compaction test

2- Modified proctor compaction test
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ST units Fps units
Hammer 245 N 55 16
~_ Height of fall 0.305 m 12 in
Number of layers 3
Blows/layer 25
Mold volume (105-mm-diameter) 0.000 942 2 m*t 1/30 ft®
Soil (—) No. 4% sieve
: .305m x 3layers » 25blows/layer
g =240 4 [T _ < 94.9aK) /m?

0.0009422m3
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Hummer =44 .5N
Height of fall  =0.457m
Layer and blows=5 at 25

CE=2698KJ/M?
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Water content, w, percent for soils shown. (After Johnson and Sallberg, 1960.)
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Shear Strength of Soil
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Mhor Circle Diagram
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Normal stress = g, = OF = OA + AE = g3 + ADcosf
= 03 + ABcos*?6
= 03 + (0, — 03)c0s26
Shear stress = 1 = DE = DCsin(180 — 260)
= D(Csin26

04 —0 .
= 1T3SLn29

Failure shear stress

Maximum shear stress

\(D

Mohr circle diagram for limit shear resistance

Relationship between @ & 6
In the figure below <DOC=180-26
In triangle ODC: <DOC=¢, <ODC=90, <OCD=180-26
The angles summate to 180
D+90+x=x+26 =180
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Chapter Three Weight-Volume Relationships (Phase Relationships)

Chapter 3: Weight-Volume Relationships (Phase Ralationships)

Partially saturated soil (three-phase soil) is composed of solids (soil
particles), liquids (usually water), and gases (usually air). The spaces between the
solids are called voids. The soil water is commonly called pore water and it plays
a very important role in the behavior of soils under load. If all voids are filled with
water, the soil is saturated (two-phase). Otherwise, the soil is unsaturated. If all
the voids are filled with air, the soil is said to be dry (two-phase).

3.1 Weight-Volume Relationships

Figure (3.1a) shows an element of soil of volume V and weight W as it would
exist in a natural state. To develop the weight—volume relationships, we must
separate the three phases (that is, solid, water, and air) as shown in Figure (3.1b).
Thus, the total volume of a given soil sample can be expressed as

V=Vs + W = Vs+ Vw+ Va (3.1)

where Vs = volume of soil solids
Vv = volume of voids
Vw = volume of water in the voids
Va =volume of air in the voids

Assuming that the weight of the air is negligible, we can give the total weight of
the sample as

W= Ws + Ww (3.2)

where Ws = weight of soil solids
Ww = weight of water

The volume relationships commonly used for the three phases in a soil element
are void ratio, porosity, and degree of saturation. Void ratio (e) is defined as the

ratio of the volume of voids to the volume of solids. Thus,

_
e = 7. (3.3)
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Total |58 = AT i Total
weight [ W= wt _File volume
=W " gy

(a)

[J Air E] water [ Solid
Figure (3.1a) Soil element in natural state; (b) three phases of the soil element

Porosity (n) is defined as the ratio of the volume of voids to the total volume, or

—
n=-y (3.4)

The degree of saturation (S) is defined as the ratio of the volume of water to the
volume of voids, or

S=— (3.5)
It is commonly expressed as a percentage.

The relationship between void ratio and porosity can be derived from Egs.
(3.1), (3.3), and (3.4) as follows:

_ W _ VU_(%)_n 36
e_VS_V—Vv_l_(ﬁ)_1—n (3.6)
|4
Also, from Eq. (3.6),
e
n= Tro (3.7)

The common terms used for weight relationships are moisture content and
unit weight. Moisture content (w) is also referred to as water content and is defined
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as the ratio of the weight of water to the weight of solids in a given volume of
soil:
— M

w=-_ (3.8)

Unit weight (y) is the weight of soil per unit volume. Thus,

v=1 (3.9)

The unit weight can also be expressed in terms of the weight of soil solids, the
moisture content, and the total volume. From Egs. (3.2), (3.8), and (3.9),

W [1+(Zw);
% = WetWy _ Gwe) — Ws(1+w) (3.10)

Y= v v %

Soils engineers sometimes refer to the unit weight defined by Eq. (3.9) as the
moist unit weight.

Often, to solve earthwork problems, one must know the weight per unit
volume of soil, excluding water. This weight is referred to as the dry unit weight,

Yq. Thus,
Ws

]/d == v (311)

From Egs. (3.10) and (3.11), the relationship of unit weight, dry unit weight, and
moisture content can be given as

Sometimes it is convenient to express soil densities in terms of mass
densities (p). The Sl unit of mass density is kilograms cubic meter (kg/m?). We
can write the density equations [similar to Egs. (3.9) and (3.11)] as
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M
p = 7 (313)
and
M
Pa = (3.14)

where p = density of soil (kg/m°)
pq = dry density of soil (kg/m?)
M = total mass of the soil sample (kg)
Ms = mass of soil solids in the sample (kg)

The unit of total volume, V, is m3.
The unit weight in KN/m?® can be obtained from densities in kg/m? as

m? gp( 5
y(kN/ ) 1000
and
3 gpd( 5
yda (KN/m°) = —1000

where g = acceleration due to gravity = 9.81 m/sec?.
Note that unit weight of water (yw) is equal to 9.81 KN/m?.

3.2 Relationships among Unit Weight, VVoid Ratio,
Moisture Content, and Specific Gravity

To obtain a relationship among unit weight (or density), void ratio, and
moisture content, let us consider a volume of soil in which the volume of the soil
solids is one, as shown in Figure 3.2. If the volume of the soil solids is one, then
the volume of voids is numerically equal to the void ratio, e [from Eq. (3.3)]. The
weights of soil solids and water can be given as

W= Gs yw
Wy, = wWs = WGs pw

where Gs = specific gravity of soil solids
W = moisture content
yw = unit weight of water
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Weight Volume
Y S I T Y
S e s Rl W
i — % =e
Wy=wGyp |- AV, =wG,
w e V=1+e
XY __ 1y _¥_
A
W= Gyyw k=1

le
<

[ Air ] water [ Solid

Figure 3.2 Three separate phases of a soil element with volume of soil solids equal to one

Now, using the definitions of unit weight and dry unit weight [Egs. (3.9) and
(3.11)], we can write

_ E — Ws+Wy, GsYw+WGsYy (1+w)Gsyw

Y= 1% 1% = 1+e - 1+e (3'15)
and
_Ws _ Gshw
Yo =2 =2 (3.16)
or
e =51 _q (3.17)
Yd

Because the weight of water for the soil element under consideration is wGsyy, the
volume occupied by water is

w, waG.
v, =—2="200 i

Yw Yw

Hence, from the definition of degree of saturation [Eqg. (3.5)],

¢ = Yw _ WG
Vi e

or
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Se = wG, (3.18)

This equation is useful for solving problems involving three-phase relationships.

If the soil sample is saturated—that is, the void spaces are completely
filled with water (Figure 3.3)—the relationship for saturated unit weight (ysa) can
be derived in a similar manner:

W Wi+W,,  Gsywtevw (Gs+e)yw
Vsat =5 =75 T T T ite

Also, from Eq. (3.18) with S=1,

(3.19)

e = waGy (3.20)

As mentioned before, due to the convenience of working with densities in the SI
system, the following equations, similar to unit—weight relationships given in Egs.
(3.15), (3.16), and (3.19), will be useful:

Weight Volume
N R ———gm g
Ww_ T Vu Vw_ €

W, = Gy [0

£ Water [E] Solid

Figure (3.3) Saturated soil element with volume of soil solids equal to one

o (14+w)Gspyy
Density =p = — (3.21)
e, __ Gspy
Dry density = p; = T (3.22)
Saturated density = peg, = (Gsf:p w (3.23)

where pw = density of water = 1000 kg/m?3.
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Equation (3.21) may be derived by referring to the soil element shown in
Figure 3.4, in which the volume of soil solids is equal to 1 and the volume of voids
Is equal to e.

O] air ] water [2] solid

Figure (3.4) Three separate phases of a soil element showing mass—volume relationship

Hence, the mass of soil solids, M, is equal to Gspw. The moisture content has been
defined in Eq. (3.8) as

Wy _ (massof water).g
W - (mass of soild).g
_ My

Mg

where My = mass of water.
Since the mass of soil in the element is equal to Gspy, the mass of water

M,, = wM; = wGsp,,
From Eq. (3.13), density
_ M _ M; + M,, _ Gspyw +WGspy,
Py =y +y, 1+e
— (1+w)Gspw
1+e

Equations (3.22) and (3.23) can be derived similarly.
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3.3 Relationships among Unit Weight, Porosity, and Moisture Content

The relationship among unit weight, porosity, and moisture content can be
developed in a manner similar to that presented in the preceding section. Consider
a soil that has a total volume equal to one, as shown in Figure 3.5. From Eq. (3.4),

Vy

n=-—
14

Weight Volume
e

“““ T e -

Wo =wGpfl —m) [

L)

W,=Gyl —nm) [

[ 1 Air E] water [£] Solid

Figure (3.5) Soil element with total volume equal to one

If V is equal to 1, then V, is equal to n, so V; = 1 — n. The weight of soil solids
(W;) and the weight of water (W,,) can then be expressed as follows:

VVS = syw(1 - n) (324)
W, = wW, = wG,y,,(1 —n) (3.25)
So, the dry unit weight equals
yo= =00 =Gy, (1-n)  (3.26)
The moist unit weight equals
We+W,y,
y=—= Gy (1 —n)(1 +w) (3.27)

Figure (3.6) shows a soil sample that is saturated and has V = 1. According to this
figure,



Chapter Three Weight-Volume Relationships (Phase Relationships)

_ Ws+W,, (1-n)Gsyw+nyw

Vsat = v 1 = [(1 —n)Gs + n]yw (3.28)
The moisture content of a saturated soil sample can be expressed as
Ww nyw n

w=—= = 3.29
Ws (1-n)ywGs (1-n)Gg ( )

Weight Volume

e S S
ww =y | ] V;, = Vu_. =n

] Water [2] Solid

Figure (3.6) Saturated soil element with total volume equal to one

3.4 Various Unit-Weight Relationships

In Sections 3.2 and 3.3, we derived the fundamental relationships for the
moist unit weight, dry unit weight, and saturated unit weight of soil. Several other
forms of relationships that can be obtained for y, y4, and yss: are given in Table
(3.1). Some typical values of void ratio, moisture content in a saturated condition,

and dry unit weight for soils in a natural state are given in Table (3.2).
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Table 3.7 Various Forms of Relationships for v, v, and vy

Moist unit weight (¥}

Dry unit weight (¥,)

Saturated unit weight (¥}

Given Relationship Given Relationship Given Relationship
0. G o (1 + w)Gyyy " Y . (G + e)v
T 1+e Vs 1+ w 5 € 1 +e
S Goe (G; + Se)va, G e Gsyu G.n [(1 = n)G, + n]v,
e 1+e : l1+e L+ )
(1 + w)GYw Gy, n Govull — n) G Wi 1+ w,G,) *®
2, G‘r’ S @.UGS G.r'}"w e 1+ Wy
1+ —= G_,-s w, § €, Wey Vw
S |+ (WGs) Wey 1+e /'
w, Gy, n Gsvu(l — n)(1 + w) § . w n(l + wsat)_v
S,Gon  Gyye(l — n) + nSvy s e o wy )7
T (1 + e)w e
+ v
e Ya € Yd ( ) )
Vsats € Vear — 1 Tu I+e ‘
e Ya Ya + nYw
Vsats 11 Vear = FVa 1
('}"sal - '}"w)Gs Yar s (1 - E)yd + Yw
Ysat G TG.-1) £
s Yar Waat Ya(l + Wea)

Table 3.2 Void Ratio, Moisture Content, and Dry Unit Weight
for Some Typical Soils in a Natural State

Matural moisture
content in a

Dry unit weight, ¥4

Void saturated
Type of soil ratio, e state (%) Ib /13 kN/m?

Loose uniform sand 0.8 30 92 14.5
Dense uniform sand 0.45 16 115 18
Loose angular-grained

silty sand 0.65 25 102 16
Dense angular-grained

silty sand 0.4 15 121 19
Stiff clay 0.6 21 108 17
Soft clay 0.9-1.4 30-50 73-93 11.5-14.5
Loess 0.9 25 86 13.5
Soft organic clay 2.5-3.2 90-120 38-51 68
Glacial till 0.3 10 134 21

10
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Example 3.

For a saturated soil, show that

- ()52
Vet = w | +e Yw

Solution
From Eqs. (3.19) and (3.20),

(Gs + e)’}’w
Ya = T e (a)
and
e = wG,
ar
G, = — (b)
w

Combining Egs. (a) and (b) gives

e
= F \
( w e)yu e I +w
Vst = = E 1 Yw u

| +e

Example 3.2

For a moist soil sample, the following are given.

+ Total volume: V = 1.2 m*

* Total mass: M = 2350 kg

* Moisture content: w = 8.6%

= Specific gravity of soil solids: G, = 2.71

Determine the following.

a. Moist density

b. Dry density

¢. Void ratio

d. Porosity

e. Degree of saturation

f. Volume of water in the soil sample

Solution

Part a

From Eq. (3.13).

M 2350
v = =2 = 19583 kg/m®

p= 12

11
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Part b
From Eq. 3. 14},
M, M 2350
=l = = 1803.3 kg/m®
=y T+ w)V 5.6 y
1+— (1.2}
100
Part c
From Eg. (3.2},
_ G_;l’lh__
LA
. (2711000
=2 = =053
T e 1803.3 LT
Part d
From Eq. (3.7},
e 0.503
= = = (L335
"T1+e 1+0503
Part &
From Eq. { 3.18),
2.6 .
- (—JDD)[E.TH
UAF g
g - = 046 46.3%
Part f
Wolume of water
2350
M 2350 — .
M- S A
j‘-‘fh-_ M - h:r_; 1| + L oo
= = = = {.186 m*
[ iy iz 1000
Alternate Solution
Befer to Figure 3.7,
Part a
W 2350
“=JF= T3 = 19583 kg’

12
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Chapter Three
Mo i legi Valume (m¥)
¥ = 0402
W, = 1861 ¥, = 0086
f —— ———
g
M= 2350 V=12z
M = 21639 [ 075
| T A | .
O air [0 Water [ Salid Figure 3.7
Part b
M 2350
M, = = = 2163.9 kg
1 + ! 8.6
1 0
M, M 2350
=== — = = 1803.3 kg/m”
M T+ w)V AN ke
too /b !
Part ¢
M, 21639
The vl f solids: = ———— = (.798 m®
& YOllmeE of S0lidE Gsrl.; fz.leleUUj m
The volume of voids: ¥, = ¥ — ¥, = 1.2 — 0.798 = 0,402 m*
¥V, 0402
Void ratio; ¢ = —= = =
V, o079
Part d
Porosi v, _0. 0.135
orosity: n = ¥ _ 1z ==
Part &
Vv
F=—*
K
M, 1861
Yol fwater; ¥, = =—— =18 m®
UImes Of Waldr v e 000 m

13
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Hence,
0186
= =] ¥ = " ‘_F

A 0.402 0.463 = 46.3%
Part f
From Part e,

Ve = 0.186 m” n

Example 3.3

The following data are given for a soil:

+ Porosity: n= 04
+ Specific gravity of the soil solids: G, = 2.68
+ Moisture content: w = [2%

Determine the mass of water to be added to 10 m” of soil for full saturation.

Solution
Equation (3.27) can be rewritten in terms of density as

p=Gp, il —nil+w
Similarly, from Eq. (3.28)

Pea = [(1 = n)G; + nlp,,
Thus,

p=(268)(1000)1 — 0.4)(1 +0.12) = 1800.96 kg/m’
Pow = [(1 = 0.4)(2.68) +0.4] (1000) = 2008 kg/m’
Mass of water needed per cubic meter equals
P — p = 2008 — 180096 = 207.04  Kg/m3

So, total mass of water to be added equals

207.04 > 10 = 20704 kg ]

Example 3.4

A saturated soil has a dry unit weight of 16.2 kN/m’. Its moisture content is 23%
Determine:

a- Saturated unit weight, 7,
b- Specific gravity, G;
¢- Voidratio, e

14
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Solution
Part a: saturated Unit Weight
FromEq. (3.12),
Ysar = Ya(l+w) = (162) (1 + =) = 1993 2
Part b: Specific Gravity, G;
FromEq. (3.16),

_ Gs¥w
}’d. T lte
Also from Eq(3.20) for saturated soils, e=wG;. Thus,
_ Gsyw
Ya = e,
So,
__ Gs(981)
Los= 1+(0.23)(Gy)
or

16.2+ 3.726G, = 9.81G,
G, = 2.66
Part c: Void Ratio, ¢
For saturated soils,
e =wG, = (0.23)(2.66) = 0.61

3.5 Relative Density

The term relative density is commonly used to indicate the in situ denseness
or looseness of granular soil. It is defined as

D, = _fmax”€ (3.30)

€max—€min

where Dy = relative density, usually given as a percentage
e = in situ void ratio of the soil
emax = Void ratio of the soil in the loosest state
emin = void ratio of the soil in the densest state

The values of D, may vary from a minimum of 0% for very loose soil to a
maximum of 100% for very dense soils. Soils engineers qualitatively describe the
granular soil deposits according to their relative densities, as shown in Table (3.3).
In-place soils seldom have relative densities less than 20 to 30%. Compacting a
granular soil to a relative density greater than about 85% is difficult.

15
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Table 3.3 qalitative Description of Granular Soil Deposits

Relative density (%) Description of soil deposit
0-15 Very loose
1550 Loose
S0-T0 Medium
T0-85 Dense
85-100 Very dense

The relationships for relative density can also be defined in terms of porosity,

or
Cmax = 1il::rlj;x (3.31)
€min = 1?:7:;1 (3.32)
e = ﬁ (3.33)

where Nmax and nmin = porosity of the soil in the loosest and densest conditions,
respectively. Substituting Egs. (3.31), (3.32), and (3.33) into Eq. (3.30), we obtain
D. = (1-Mmin) Mmax—N) (334)

o (Mmax—Nmin)(1—n)

By using the definition of dry unit weight given in Eq. (3.16), we can express
relative density in terms of maximum and minimum possible dry unit weights.
Thus,

1 1
Dr _ [Vd(min)] Yd] :[ Yd~Yd(min) ] Vd(max)] (335)

Yd(max)~Yd(min) Ya

1 _ 1
Yd(min)| Yd(max)

where yamin) = dry unit weight in the loosest condition (at a void ratio of emax)
yd = In situ dry unit weight (at a void ratio of e)
ydmax) = dry unit weight in the densest condition (at a void ratio of emin)

In terms of density, Eq. (3.35) can be expressed as

Dr — Pd—Pd(min) Pd(max) (336)
Pd(max) ~Pd(min) Pd

16
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ASTM Test Designations D-4253 and D-4254 (2007) provide a procedure for
determining the maximum and minimum dry unit weights of granular soils so that they
can be used in Eq. (3.35) to measure the relative density of compaction in the field. For
sands, this procedure involves using a mold with a volume of 2830 cm? (0.1 ft3). For a
determination of the minimum dry unit weight, sand is poured loosely into the mold from
a funnel with a 12.7 mm (iin.) diameter spout. The average height of the fall of sand

into the mold is maintained at about 25.4 mm (1 in.). The value of y4min) then can be

calculated by using the following equation
Ws
Ya(min) = 3 (3.37)

Where Ws = weight of sand required to fill the mold
Vm = volume of the mold

The maximum dry unit weight is determined by vibrating sand in the mold
for 8 min. A surcharge of 14 kN/m? (2 Ib/in?) is added to the top of the sand in the
mold. The mold is placed on a table that vibrates at a frequency of 3600 cycles/min
and that has an amplitude of vibration of 0.635 mm (0.025 in.). The value of ygmax
can be determined at the end of the vibrating period with knowledge of the weight
and volume of the sand.

Example 3.5

For a given sandy soil, €,,,=0.75 and e,,;—=0.4. Let G;=2.68. In the field, the soil
is compacted to a moist density of 17.63 kN/m? at a moisture content of 12%.
Determine the relative density of compaction.

Solution
FromEq. (3.21)

_ (1+w)Gepyy
1+e

or

_ Gsyw(1+w) 1= (z.68)(9.81)(1+0.12) _
- v - 17.63

1 =067

FromEq. (3.30),

— 0.75—0.67
D, = —mex ° _ = 0.229 = 22.9%

@max—€min  0.75—04

17
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Problems
3.1- For a given soil, show that

ysat_= Ya + nYw
3.2- For a given soil, show that

Vsat =Va T (L)Vw

1+e
3.3 - For a given soil, show that
__ eSyw
Ya = Tiow

3.4 - A 0.4 m® moist soil sample has the following:
* Moist mass = 711.2 Kg
* Dry mass = 623.9 Kg
* Specific gravity of soil solids = 2.68
Estimate:
a-Moisture content
b-Moist density
c-Dry density
d-Void ratio
e-Porosity
Ans: (3) 13.99% (b) 1778 kg/cm® (c) 1559.75 kg/cm®  (d) 0.72  (e) 0.42

3.5- The moist weight of 5600 cm® of a soil is 102.3N. The moisture content and the
specific gravity of the soil solids are determined in the laboratory to be 11% and 2.7,
respectively. Calculate the following:

a- Moist unit weight

b- Dry unit weight

c- Void ratio

d- Porosity

e- Degree of saturation (%)

f- Volume occupied by water

Ans: (a) 18.27 kN/m® (b) 16.46 kKN/m® () 0.61 (d)0.38 (e) 48.7% (f) 0.297

3.6 - The saturated unit weight of a soil is 19.8 kN/m?>. The moisture content of the soil is 17.1%.
Determine the following:

a- Dry unit weight

b- Specific gravity of soil solids

c-Void ratio
Ans: (a) 16.91 kN/m®  (b) 2.44 (c) 0.417

3.7 - The unit weight of a soil is 14.84 kN/m3. The moisture content of this soil is 19.2% when
the degree of saturation is 60%. Determine:

a-Void ratio

b-Specific gravity of soil solids

c-Saturated unit weight
Ans: (8) 0.68 (b)2.13  (c) 16.41 KN/m®

18
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3.8 - For a given soil, the following are given: Gs = 2.67; moist unit weight, y = 17.5 kKN/m?;
and moisture content, w =10.8%. Determine:

a-Dry unit weight

b-Void ratio

c-Porosity

d- Degree of saturation
Ans: (a) 15.8 kKN/m® (b) 0.658 (c) 0.397  (d) 44%

3.9 - The moist density of a soil is 1680 kg/m®. Given w = 18% and Gs = 2.73, determine:
a- Dry density
b- Porosity
c- Degree of saturation
d- Mass of water, in kg/m?, to be added to reach full saturation
Ans: (a) 1423.7 kg/cm®  (b) 0.479  (c) 53.5% (d) 222.06 kg

3.10 - The dry density of a soil is 1780 kg/m®. Given Gs = 2.68, what would be the moisture
content of the soil when saturated?
Ans: 19%

3.11 - The porosity of a soil is 0.35. Given Gs = 2.69, calculate:
a- Saturated unit weight (kN/m?3)
b- Moisture content when moist unit weight = 17.5 kN/m?®
Ans: (a) 20.59 kN/m?3 (b) 2%

3.12 - A saturated soil has w = 23% and Gs = 2.62. Determine its saturated and dry densities in
kg/m?.
Ans: psat = 20125 kg/m® | pa=1637.5 kg/m?

3.13 - A soil has w = 18.2%, Gs =2.67, and S = 80%. Determine the moist and dry unit weights
of the soil.
Ans: 19.23 kN/m®* | 16.27 kN/m?

3.14 - The moist unit weight of a soil is 17.55 kN/m? at a moisture content of 10%. Given
Gs = 2.7, determine:
a-e
b- Saturated unit weight
Ans: (a) 0.66  (b) 19.86 kN/m?

3.15 - For a given sand, the maximum and minimum void ratios are 0.78 and 0.43, respectively.
Given Gs =2.67, determine the dry unit weight of the soil in KN/m?3 when the relative density is
65%.

Ans: 16.87 kN/m3

3.16 - For a given sandy soil, emax = 0.75, emin = 0.46, and Gs = 2.68. What will be the moist
unit weight of compaction (kN/mq) in the field if Dr = 78% and w = 9%?
Ans: 18.8 kN/m?

19
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3.17 - The moisture content of a soil sample is 18.4%, and its dry unit weight is 15.63 kN/m?®.
Assuming that the specific gravity of solids is 2.65,
a- Calculate the degree of saturation.
b- What is the maximum dry unit weight to which this soil can be compacted without
change in its moisture content?
Ans: (3) 74%  (b) 17.5 KN/m3

3.18 - A loose, uncompacted sand fill 1.83m in depth has a relative density of 40%. Laboratory
tests indicated that the minimum and maximum void ratios of the sand are 0.46 and 0.90,
respectively. The specific gravity of solids of the sand is 2.65.
a- What is the dry unit weight of the sand?
b- If the sand is compacted to a relative density of 75%, what is the decrease in thickness of
the 1.83m fill?
Ans: (8) 15.1 kN/m®  (b) 16.1cm

20
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4.1 Introduction
The physical and mechanical behavior of fine-grained soils is linked to
four distinct states: solid, semi-solid, plastic, and liquid in order of
increasing water content. If soil initially is in a liquid state, it locates at
point A in Figure (1). As the soil dries, its water content reduces and
consequently, its volume.
Aot Alim 15 e ¥l o A8 gl 13 Ay ) SlSall 5 S il sl ) S
CaniLadie (1) JSal 3 (A) ddaiall die ¢ Alile Al 33yl o 4 il il aial g dila
Lgana Ul Sl W) i J8y ¢ 4 53l

Volume

¥, Solid i Semisoild 1 Plastic i Liquid

L Pl LL

Water content

Figure (1) soil states as a function of water content
Sl (s sinall A1 4 ) s (V) )

At point B, the soil becomes so stiff that it can no longer flow as a liquid.
The boundary water content at point B is called the liquid limit (LL). As
the soil continues to dry, there is a range of water content at which the soil
can be molded into any desired shape without rupture. The soil in this state
Is said to exhibit plastic behavior-the ability to deform continuously
without rupture. But if drying is continued beyond the range of water
content for plastic behavior, the soil becomes semisolid. The soil cannot be
molded now without visible cracks appearing. The water content at which
the soil changes from plastic to semisolid is known as the plastic limit (PL).
The range of water contents over which the soil deforms plastically is
known as the plasticity index, (PI);

slall (5 sine ooy L 3033 () (e Y Cunn 0la i 4 il muai ¢ B ddadill e
Alall oda &4 5l o J&y 35 050 s e S8 (g 8 4 i) US55 aDIA e (S 5Ll
g A Caanill il 13) (Vg (3 5a8 050 ) paasly o il e 3 asll - UGSl sl el
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A ) S5 S Y Al 4ad gl 2 8 ¢SSl bl L) (5 il L
o) Sl Bale (e Ayl 4 a2 elall (5 g (o jrd A e BRI ) 5eda ()93 Y
Leale 4 il o pits il dilall il simall (3Uas a0l o yad s (PL) oSindlll aadly ddin 40

D (P1) Al b ey (Siadly S

PI=LL—PL..coennrn..... (1)

As the soil continues to dry, it comes to a final state called the solid state.
At this state, no further volume change occurs since nearly all the water in
the soil has been removed. The water content at which the soil changes
from a semisolid Soil 2 to a solid state is called the shrinkage limit (SL).
The shrinkage limit is useful for the determination of the swelling and
shrinkage potential of soils. At one extreme, the liquid state, the soil has
the lowest strength and the largest deformation. At the other extreme, the
solid state, the soil has the largest strength and the lowest deformation. A
measure of soil strength using the Atterberg limits is known as the liquidity
index (LI) and is expressed as:
Eaamy Y Al oda b Aabeal)l Aa) ans Eleil Alall ) Jusi ¢ 4 i) Gilin ) jaias) pn
(5 sinall e (3t Gy 55 A 5 (53 s pall sbaall (IS A1 3] cass ugm pnall 3 AT it
aa Aleall Alall 1) Adiall 405 Aall (¥ Zadall clpall ld 4y il 4 s 3 L
aal 8 Al ) g Al ASa) paad de (HLSY) aa ey (SL) LSV
(Glall Aadl) ¢ AY) Cahall o sl 5T 55 58 J8L 4 5l wiads (Al Allad) ) Cal LY
auly Atterberg 2sas alasinly 4 51l 58 (e o yah o 5 il 5 558 Sk Ay il wial
t S il e die juaill 255 (L) A spdl 55

The liquidity index is the ratio of the difference in water content between

the natural or in-situ water content of a soil and its plastic limit to its

plasticity index. The table below shows a description of soil strength based

on

the values of (LI).

pisall ol adall AL G ginall G ) (5 siaall 8 DAY D ga A gl jd5a
e 2Ly Ay 5 5 5 Vo liaf (J 2l ey 3 palll 550 ) SlinsdUdl s 5 4, 5l

(LI) a3
Table (1) soil strength states
Values of L1 Description of soil strength

LI<0 Semisolid state — high strength , brittle , (sudden) fracture is

expected
0<LI<1 Plastic state — intermediate strength, soil deforms like a plastic

material

LI=1 Liquid state — low strength . soil deforms hike a viscous flud
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4.2 Liquid Limit (LL)

The liquid limit is determined from apparatus Figure (2) which consists
of a semispherical brass cup that is repeatedly dropped onto a hard rubber
base from a height of 10 mm by a cam-operated mechanism. The apparatus
was developed by A. Casagrande (1932) and the procedure for the test is
called the Casagrande cup method. A dry powder of the soil is mixed with
distilled water into a paste and placed in the cup to a thickness of about
12.5 mm. The soil surface is smoothed and a groove is cut into the soil
using a standard grooving tool. The crank operating the cam is turned at a
rate of 2 revolutions per second and the number of blows required to close
the groove over a length of 12.5 mm is counted and recorded. A specimen
of soil within the closed portion is extracted for determination of the water
content. The liquid limit is defined as the water content at which the groove
cut into the soil will close over a distance of 12.5 mm following 25 blows.
This is difficult to achieve in a single test. content at which the groove cut
into the soil will close over a distance of 12.5 mm following 25 blows. This
is difficult to achieve in a single test.
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Figure (2) Liquid limit test: (a) Liquid limit device; (b) grooving tool; (c) soil pat before test;
(d) soil after test

Four or more tests at different water contents are usually required for
terminal blows (number of blows to close the groove over a distance of
12.5 mm) ranging from 10 to 40. The results are presented in a plot of water
content (ordinate, arithmetic scale) versus terminal blows (abscissa,
logarithm scale) as shown in Figure (3). The best-fit straight line to the data
points, usually called the flow line, is drawn. The liquid limit is read from
the graph as the water content on the liquid state line corresponding to 25
blows.

Jal e dalide dile Al STl Hlal )l J) dals ellia 66 L Bale
Eo Y el T (ae VY, 0 dilisa o 0 52aY) (BN Y il juall aae) Al iy juall
Jlie Sl (5 sina aijle oAl Jalade 8 il (o pe &y (Y0-10) da e 3 gaa clin
s ¢ i) Bl ) afiaadl Lall ) e (V) JS3) (3 s s LS Gl il
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Figure (.3) Flow curve for liquid limit determination of a clayey silt

4.3 Plastic Limit (PL)

The plastic limit is determined by rolling a small clay sample [Figure
(4)] into threads and finding the water content at which threads
approximately 3 mm in diameter will just start to crumble. Two or more
determinations are made and the average water content is reported as the
plastic limit.

b (8 [(£) JSAN] Gplall (e Bmua die da e A (e i3 2 sl S
°\ﬁ3?3ﬂ (@\)J%Y\@Gﬁ)ﬁ&\‘ &)Lﬁl:);\ia.i\s \.J.x...a.u Lﬁ.ﬂ\ eldl (5 sina alay) g
AU S elall (5 gine Jan gia Jpnasi g JST gl (pand

Figure (4) Rolling of soil mass on the ground glass plate to determine a plastic limit

4.4 Shrinkage Limit (SL)

The shrinkage limit is determined as follows. A mass of wet soil, m1,
Is placed in a porcelain dish 44.5 mm in diameter and 12.5 mm high and
then oven-dried. The volume of oven-dried soil is determined by using
mercury to occupy the vacant spaces caused by shrinkage. The mass of the
mercury is determined and the volume decrease caused by shrinkage can

5
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be calculated from the known density of mercury. The shrinkage limit is

calculated from the:

Gl (Ao ) p e dada )l A gl e ABS aa g oy U gail) e GEeSEY) aa paal o

:\M\:\Jﬂ\eudgdﬁﬂu)ﬂhus;jeze.q\*,oicm)\jex. ¢¢,0 o)j::ﬁé.\.\u‘);j\u.o

G ABS paat Gy ALY e Aaslall 3 e LAl claluall Jadl (830 3 aladsiuly o el

Gl oy (50 30 485 yrall ALY (e GELSIY) (e gl anall (aledl) Glus (S
e SaleSaY)

SL = (P - A2l 100 e 3)

My My

Where m1 is the mass of the wet soil, m2 is the mass of the oven-dried
soil, V1 is the volume of wet soil, V2 is the volume of the oven-dried soil,
and g is the acceleration due to gravity (9.8 m/s?). The range of water
content from the plastic to the shrinkage limits is called the shrinkage index
(SI).

T a8 V1 5 e 0ol ddinall 2 50 ABS 4 M2 5 ¢ Aol g i A L M
A/ a A A i g ledll g8 g s AL Adiaall & i) aaa s V2 g Aokl
SI=PL-SL....... (4)

4.5 Plasticity Chart

Experimental results from soils tested from different parts of the world
were plotted on a graph of plasticity index (ordinate) versus liquid limit
(abscissa). It was found that clay, silt, and organic soils lie in distinct
regions of the graph. A line defined by the equation:
w‘;ngu\w&mg\}iwujm%\g@xm)ﬂ\w@g\Gsum(._wez
& @ Ay pmall 5 dpadall g dlall 4 gl () aa g 2l Ll as Jilae &5palll sl Sl

Allaally 2ana o Sl sl (e B jaata (3lalia

PI=0.73 (LL - 20) % .......(5)

called the "A-line", delineates the boundaries between clays (above the
line) and silts and organic soils (below the line). A second line, the U-line
expresses as:
Can) 4 gazanll 4y il 5 adall g (hadd) (358) Cphall (3 saad) ¢ A LAl
r Sl sl e U hall juey ¢ S ) (daall
PI=09 (LL-38).......... (6)

Defines the upper limit of the correlation between the plasticity index
and liquid limit. If the results of your soil tests fall above the U-line, you
should be suspicious of your results and repeat your tests.
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Unified Soil Classification System aa gall 4y il iyl aUaIY-0

There are many classification systems used according to the purpose for
which the soil is used, in the case of soil used for the purpose of engineering
works, the unified system for soil classification is the most used, and this
system was proposed by the scientist Casagrande (1942) during World War
Il for the benefit of the US Air Force, this system was developed in 1952
and put Under ASTM D-2487, Figures 1, 2, and 3.
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GROUP
SYMBOL GROUP NAME
A 30% plus No, aun.::: 15% plus No, 200— ———————————# Laan clay
) 15-29% plus Mo, 200-~——- % mnd =% gravel —s= Lesn clay with gend
:I:‘.I' ::phu—--CL T % sand <% graved - = Lean clyy with grayel
".B.:L Ve % smand =% nrnul-::T-'\-}.".I!V. gfavel— —e= Sandy lean clay
P ine =30 pluy "ﬂ'm<: TR 2 16% gravel—— = Sandy lean clay with gravel
7 % sand {%irml-Tr¢15‘i sand =~ Gravelly lean clay
l.l" TR 15% sand————= Gravelly lnan clay with sand
¢
/ ”'.{Sﬂhnlul Na, 2m-qc15?a plus kg, 200 - Silty clay
P CL-ML < 15-25% plus No, 200~ = % sand =% gravel == Silty clay with sand
e . ’r;“:mh — e sand <% grave] —= Silty clay with grave!
& line i % sand 2% gravele—— = <15% gravel — = Sandy silty clay
\ =30% plus Na, zmc:: TR 15% gravel—— Sandy sty clay with gravel
'|" % sand <% v 1Y g G raweily #ilty clay
\ TR 6% sand ————s= Gravelly siiny elay with samd
b -
LL{E'I] -,1 <I30% phuy Hn.m!..\—‘:fﬂﬁ‘xpw$ L — 11 1Y
\ T L 15-20% plus No. 201]-:.,:‘# % sand % graved —=Sile with amnd
\ _“_I_m——l"ﬂt % pand % graesl = 5@t with gravel
X btlow % samd 2% gravel ————= 15, gravel —#= Sandy silt

2 30% plus Mo, m{‘ T 5% gravel ————= Sandy silt with gravel
"\ % sand -‘.'Lgnal-.T-ﬂs%umd-—-Gnml-p willt

b} L —ovandried TR 215% sang ——— Grawelly silt with sand
Cirganic (m -.'n_75) — =L =50 figure 10
e “30% plus Mo, ZMT:QIQlG Blus Mo, 200 = Fat clay
15:29% plus Mo, 200=——# % sand =% gravel—sFat clay with sand
::BNM:T or—=CH TR g send <% m-p:I-'- Fa1 clay :m el
vE A —line . - onand % graved e TGN, gravel ————= Samdy Yat clay
2 30% plus Mo, mq‘;‘ TR 5% gravel———= Sandy a1 clay with gravel
% sand <R gravel == < 15% sand -———— 8 Gravelly fa eley
Imarganic TR 2 1E% pand ———= Gravally fat clay with sand
y <30% plus Mo, 700 < 15% plus No. 200 — "
A a-"'d; '\_::15-2“ Flus No, 200=——% sand >% I'w-l—:-E:: :::: with sand
; 71 plots below———s=-MH T o mnd % gravel —e Elagti il h
LL EED"\ A —line % sand 2% gravel ———s- < 15%, ,."‘u'——.-s.:ﬂ;‘.'.'.lﬁ"n"mf'”'
\ =30 plus No. ?ﬁﬂ< T = 1E% gravel———=Sandy elartic silt with aravel
\“ % amnd <% gravel ———— < 15% sand ————® Girayally slastic sily
k . LL —cvendrind T 2 15% sand = Gravelly slastic silt with send
1[4 . -
b ( LL—nat dried o'"') OH a4 Figura 10
FIG. 1 Flow Chart for Classifying Fine-Grained Soll (50 % or More Passes No. 200 Sleve)
3ROUP SYMBOL GROUP NAME
< 30% plus No. 200 ————= < 15% plui No. 200~ ——— e = Diganic clay
15-20% plug No. 200=e————% % wand % gravel——= Organic clay with sand
"7 % sand <% gravel—* Oirganic clay with gravel
P4 and plots on % sand =% gravel =——————= <15% gravel ————® Zandy organic clay
A or abtwe "A"- line =30% plus No. 200 =—_ T 2 1E% gravel ———— = Sandy arganic clay with gravel
TR % sand <% gravel ————— <15% sand —— = Gravally arganie clay
e = 15% sand - * Gravelly organic clay with sand
oL <30% plus No. 00— <15% plus No, 200—- - — = Chrganic silt
T 15 29% plus No. 200~————""% sand =% gravel ——* Organic it with sand
"% wand <% gravel ———* Drganic sHi with gravet
P1<4 or plots d__ﬂ_,.-% vnd 2% gravhl ——— = 16% gravel —— = Sandy organic silt
Belaw “A"~ line =30% plus Mo, 200-=""__ TR 216% gravel — - = Sandy organic silt with gravel
T sand <% gravel ——— = 15% gand ————— = Gravelly organic silt
=15% sand - = Gravelly organic siit with sand
“30% plus No. 200 ~————= <15% phus Mo, 200 —= Qrganic clay
T 15 20% plus No. 200 =—_——& % sand 2% grawel——= Organic clay with sand
TR % sand <% gravel—* Organic clay with gravel
Plots on or = Nosind =% gravel m—— = <Z15% gravel —= Sandy organic clay
above “A"~ lina = 2 30% plus No, mi_”._,__‘__h- T 2153 gravel ——— Sandy oeganic clay with gravel
B wand <% gravel e <15% sand —— " Gravelly organic clay
TR 5% wnd ——— Grawally organic clay with sand
OH <30% plus No, 200~=———% < 15% plus No. 200 ———— == Drganic 5ilt
_,"‘! 15-20% plus No. 200 ~=———+"% sand % gravel " Organic silt with sand
Tk sand <% gravel - = Chrganic silt with gravel
Platy balow a2 gravel === <15% grawel —— " Sandy organic silt
8= ling <= 30% plus No, 200 =""__ T 2 15% gravel — = Sandy organic silt with gravel
TR 5 sand <% gravel —=—— * < 15% sand —————— Gravelly organic silt
T 5% and — = Gravelly arganic silt with snd

FIG.2 Flow Chart for Classifying Organic Fine-Grained Soil (50 % or More Passes No. 200 Sleve)
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—

% lima Tcugn wnd 1<0es] —eG WT{M vant ———= Well-gradad gramsl
215% i —— Wail-gradad graval with samd
L — —-ﬂP-:___——b___‘c;m sand <~ Poorly graded graval
Z16% sand === Foorly geaded gravel with sand

e T e GW-GM “15% mand == Wall-graded graved with 1t
Cu4 and Iﬂﬂl'-'i-i"":__:__\_\_ ) 2= 18% gl ———= Wall-graded gravel with silt and sand
GRAVEL s fines CI:LI CH, * Ew'ﬁc-q:ﬂﬁ snd ———== Will-graded gravel with cluy foe silty elay)
% graval > B firen for LA 215% s ———s- Wall-graced gravel with cluy and wnd

% und lat #ilty clay and sand]

tanev=ML ar "1_"—FGP'GH-_—_—F‘:1“!IM——FMM'IHI wikh sl
Cad andlr w-cm-(;' T 216% sand — - Poorly pradee graval with tilt snd rand
Im‘&h EH.—'—GP'GG—-T‘: V5% satd————s Paarly graded graval with clay (ar silty clay)
for ELML) 215% gand wme—im Porly graded greel with elay arsd snd
[ar silty clay and sand]

firsii=ML or MH =0M - ;}:: 8 ——— ity gravel
L
S17% finas = fines=CL MGH—.—Gﬂ—-.____—‘_‘_‘_:-C'IH ll'ld—b-i‘ll:::;:::m e
2155 samd — - Clivey gravel with send
(TS p— 1 H-?‘_—-p- C18% sard —-Ellwr:ll:-n-, qrmel
T 215% mnd = Silty, clayey gravel with wand
<% limT:mzﬁ ind 156051 = SW— = <15% graval——s Wail grached sand
) . T 2 15% gral——— & Walk-graded sand with grevel
Bu<B amdioe 13053 . SPH___TE-{HH. pravel—— Poorly graded 1and
T 215% gravel———= Posorly graded vand with grasel
finer=MiL or MH———=SW-5 <15% gravel ——a= Wl graded sand with ilt
Cuizf ad 102 ) 215% prawel =~ Wall gredud wnd with silt and gravel
. finar=CL, CH, =SW-5C —-___H_;CIET. Fraval == Winll-graded sand with clay (or silty clay|
" i et CL-ML 216% gravel ——= Winli-graded sand with slay and gravel
::‘3.' 5 nies. o vilty clay and gravel)
. {F_,r!'mn-MLw MH————s S P« SN < 15% gravel———1= Poorly graded sand with st
Cu< adior 1623 T 1B gl — e Pooely gradad saned with st and gravel
"'flﬂi'l'l:l.ifﬂ.. 5P-5C _h'"——_;{l“ grivnl ——— Paely graded sand with clay los silty eliy)
foe CLML 216% grovel ———= Panely graded sand with elay and graval
At #ilty clay and gravel]
J— T HH—FEHT{HH qriveel —— Sitty sand
i e — i 5% gravel — e Silty sand with graval
>1ﬁlm-|=:',___‘_|__‘___h == fina=CL or CH +5C 4 < 15% pravel ——— Clayiy tind ¥
— 216% gravel——s Clayey sand with gravel
Fines=CL-ML =5C-5M <15% grial— e Silty, claviy ward

HE‘“ grrenl—e Siloy, clayay anad with gravel
FIG.3 Flow Chart for Classitying Coarse-Grained Solls (More Than 50 % Retained on No. 200 Sleve)

For clossificotion of fine-grained soils "
and Fane-graeed Tract (on 07 COOree-gromsd s

agl ol - 1

Equation of B = line é}"'
Horizontal ot PI=4 to LL=255, e . o
then P1=0.73 (LL-20] % | QO

40 = . i b

Equation of U -line x a
Wertical at LL=I& ta Fl=y #,-"" ':;e\
then PI=09(LL-8) ~

a0 - e —

___.ul'
s QT . 3 )

& MH o= OH
E}"//
"ML o= OL

INDEX{PI]

PLASTICITY
b

ETi] a0 Er] ) T (T3] ol [ o
LIQuiD LIMIT (LL)

3
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American Standard Sieve Series

ASTM E11 :"ﬂk
Sieve Designation

Standard Altern. | Standard Altern. | Standard Altern.

125.00 mm 5.00 9.50 mm 3/8 425 um No.40

106.00 mm 4.24 8.00 mm 5/16 355 um No.45

100.00 mm 4 6.70 mm 0.265 300 um No.50

90.00 mm 3% 6.30 mm Vi 250 pum No.60

75.00 mm 3 5.60 mm No. 3 % 212 uym No.70

63.00 mm 2% 4.75 mm No. 4 180 um No.80

53.00 mm 2.12 4.00 mm No. 5 150 um No.100
50.00 mm 2 3.35 mm No. 6 125 um No.120
45.00 mm 1% 2.80 mm No. 7 106 um No.140
37.50 mm 1% 2.36 mm No. 8 90 um No.170
31.50 mm 1% 2.00 mm No.10 75 um No.200
26.50 mm 1.06 1.70 mm No.12 63 um No.230
25.00 mm 1 1.40 mm No.14 53 um No.270
22.40 mm 7/8 1.18 mm No.16 45 um No.325
19.00 mm Y4 1.00 mm No.18 38 um No.400
16.00 mm 5/8 850 um No.20 32 um No. 450
13.20 mm 0.530 710 um No.25 25 um No. 500
12.50 mm Y2 600 pm No.30 20 um No. 635
11.20 mm 7/16 500 um No.35

o LS i) culS 5 A 5l (e 3 sad e A yidall Cilia gadll el 1Y
% ¥o=L.L Jgudl as 2
% YY=P.L 4zl as _¥

- Sl Jadaill ¥

Ul | Jasdl
(P)
Ve =AY
yi,e ¢
T e
va,v ¢
Yo,Y A\

(USCS) “asuaill cuua 4 yill b

:dad)

€ ady Jaie e Ll SA/Y A8 ) Jade el =l A

XY, o=V1,00 00 =

Yoo Ja e el - € a8 ) Jaia (e lall = )l A

0, 1), ¥=Y0,Y _V1,0=

Vo,Y=Y v Jaie e el dpsi=(padal calidl) aclill 4

sCayiatll Culial) Jadadial) daa daa dae Wl o gl disd (4 (Y
% O+ (pa J8l daclill o) gall G -
el B < el i -
%\Y:ac\_ﬂ\g\_.u.uj -
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VA=Y YoF o =(P.L) &salll aa (L LA suud) 2a =

clayey Sand with Gravel, SC) s 4l ¢l
LS ) S il Aand o5 S e 3 e Y (s

L. L= NP (no plastic) -\
P. L= NP (no plastic) -Y

sl Jdail) oy
Sieve size Passing%
Gj\\ Yoo
ZIA/Y T,
£ad £A
\ .eéj V'
Yooad, Y

USCS Al aladinds i il Giia -

:Jall

52% =100-48= P3-Pj= ]l daui -)

46% =48-2 = P4-Pgo= Je_l s Y

2% = aclll Ay Y

7.0+>Fineg acll 03 -

Sand JeJll < Gravel (=l -
eu)QAJ-J\Y‘\,ﬂcjcGJﬂ\}eMY\&WGMM\@M b ¢ anliad)l b all past e g
el g sl e

Cu=Dgo/D1o= 63.3
Cc=(D)%Dgp*D10 -2.8
Cu>=4, 1<= C¢c <=3 ( Group Symbol=GW)
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8
f‘ g g @ = g~8 8
EL|&sx =2 2 ¢ 2 2 2
' (OIS pampi

AL i It
80 : e

AA " [

70 1 t ! i
1 I
260 | % t t
5 i N |
< SO NhETTreT 11E T
£ o Ll |
= : ! b
30 - bt T ‘
20 L W 1

e |l
lo ! 1 1 :

q Al l TN ”
ou L1l 1 oy
100.0 | 100 50 10 05 01 005 001 1 0.001

0.0 0.005

Grain Diameter (mm)

Jey e 2 B QI Ay gean 4 31 4 51 ()

Well-graded gravel with sand(GW)
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} Soil compaction 4l Jaa ).y
a5l 2 saulle Embankment 4wl yill dddedl) cJie duaall dwaigd) chleling ‘55
by Lgiaslae al s Gpuaad g LS 300 ) (ajad 4l Jas3 W e 5 Earth dams
settlement (odadll) Leda o I 5 Bearing capacity Lelasd daw ala
Jaall ¢ dale jgaliaYaV
aladinly cle) jdll 8 o) sell 2k 3,k e Densification 4 il <afiSi sa Jaall
A G e Gulss Jasdl a0 o) (V) JSED (Rollers <a¥alall) 4SuilSie 4l
G558 LY 51 Aglee Jagast) amie JalaS iy A i) s ) oLl g Losie |, dila)
( ASalSaall o) a0 a3l ddae dudy) A 235l B3 g sall )l Bladly (ang
3aly 3o Jasi el (s simall 30l 3 o8 (V) IS ddaadla (e Ay il g ABEKH ala 35 elly
st A8l 105 e (e 5 sine () Al A ity il 4SSN pa Ay
(optimum moisture content) JGall skl (5 ginall oy (5 sinall 38 dpuSe
. (maximum dry density) <kl 2dal) U<l o aliss 3l 48Ul

reduced
N~ Air

Water

FREE

" Maximum drv density
- 100% compaction

a

E

=

E 4

=

o

|

&

©

2

=1 Optimum moisture content

[#4——— Diry side ———mla— Wl side ——»

Muopisture content %

yridal \gu&&@\ ALY (e (Y) 8 JS

Laboratory compaction ¢_sidall Jaall sl Proctor Test S gasd®-V
Doe B Sl Sy pand audy
Standard Proctor Test bl jiSgn paad |9
Modified Proctor Test Jxall iS5 gasd ¥
Standard Proctor Test (il iS5 0 gasd.)
AASHTO- 5 ASTM:D-698(2007) & (bl ji€ 5y (pmnd (385 Al Cilial all
Dy g (V) JRE Tand €€ dana o8 QB 84, 5l Jas oy (sl 138 14 99(1982)
Jaray (Jandl) pa )l 48 jlany (ans Lay 3okt 5 (Slall (5 sinall yuad oy 3 50 JS (8 Sl
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sale _(eln\‘~° th\ulswLLBJ?ﬁY,OL@ﬁS)Z\EJLA\B& Oldial go ¢4 guia YO
_ZY~-Z°Q§4CJ\Jﬁ:\4ﬂ\#)ﬂeM\¢LA\:\:\A§

DAkl AL el o dhani Al glaa JS (8

W=weight of compacted soil, V,=Volume of mold (mould)

Standard Proctor Test

4. mm RN, . M A
T Wsmy - layer 3
i ‘ . Layerz | ‘l i
!“':ff " \‘ \r 4584 0
= JE=)
- E 1N ] e BV
i |
| | 16,43 mun
£ | E " 4554 in I -}»-
| A
i -L_‘l._._.!,,, R 0

-—

| 1016 mm |
o diaoncrer -»>
| 4im)

No. of blows = 25

‘",«u‘.;&\ Jaall (asd (¥) ?§J Jead)

4l Ly (maximum dry density) abazll ddlad) AAEKY G gllaall Gasall 12a &
A ALl (35 (5 Aend) K ol sl omall of 302

.................... 7-2
Vd=ﬁ=1+yl% (7-2)

(o Jemni L hi7). G raaal) B A e pean) oS [UAT Gilla (0

Locais dnsdio Ljill H9S5 Lodie [3a Jeansg Ll 3 elogh anan Ul ik e 466S Lo/

Oo Al el (¢S5 Laxie alaall Ailad) ALY (e el 2y Sl g (S=1 o /)0
(S5 (Vpqr) = (Zero air void) ¢ sell

Vi = 2L (7-3)
;w@mum\‘;muaﬁsezmj
Se = Gsw
_ Gsw
TS



S ) gadl)
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]/d Ggweerereererers
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Y. GsYw Yw
ZaV T 146w wa—
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Soil compaction 4 il Jas 4l elilSe

 Jemn (T-Y) Alsbaally (g sl

slall ZES ) Cua Al (5 sinall ga da gl) puatall () JSEI 8 LS a5 A8DLal) B2a
ZX v 7o il Gl sisall (e de sane (k) Ladie ¢ il 4 il e il (3l
USY o) Alenll BESY  Jinie Cpay inh aiiue bk augi y, o0 sl ol a5l G
2 Lol 138 daal, Cag lall JS cand dre aalinY o lilhae o jbew ¢SV 5 Laila (3 sl
QXS ¢ (bl kil baially Glead) Jaidl) Gua sl Jasll dana (e Sl

19.5
19.0

Z 185

=

=

5 18.0

=

g

I_f.

S 175
17.0

) (ddﬂ\)é\;ﬂ u:ﬁSﬂ\ B (& by g c\.ks;\

Zero-air-void curve (G, = 2.69)
Maximum 7y
4 _____________
I
i I
|
|
|
I
I
=1 |
|
|
I
|
|
. I
I
|
|
. . I
Optimum moisture content ¥
I T 1

10 15

Moisture content, w (%)

Al g Aaleal) ZEESY p 28D (£) S5, JSA

Jaall e Jig Sl Jalgad) -
cshol Gsiaall ()

gl de i (Y

AUl Aalaall 385 caowny s, Jaall 3 Apply Effort J sl gl (¥

. (NO.of blows) * (NO.of layers) * (W.of hammer) x (H.of drop)

Volume of mold(mould)

3
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=(25)* (3)* (2.5*9.8/1000kN) *(0.305m) / 944*10°°=594KN.m/m?
= 600kN.%

Modified Proctor Test Jaxall jiS s pasd-¥
AASHTO-T-180 s ASTM:D-1557 o& Jaxall jiS g 3 pand i8S Al Ciliial gall

ool CHBDEAY (yamy (8 VI (i Ly 58 (juanill

Standard Modified
Proctor Proctor
Test Test
Volume of mold || 944 cm® 944 cm3}
# of layers 3 5
Mass of hammer 2.5kg 4.54 kg
Drop of hammer 30.5cm 45.7 cm
# of hammer blows | | 25 25 |

G aadiuall cYalal) il [ shaill Aagts Jamall 5S4 50 (and ) dalall eilis
3aly ) e Lae € S5y ol A5l e Jaal) ol adadids oSy (21 Sl Jal)
clagall aae 5 48 Hhaall (5
38 anill 13g] sl sgall Ul
_ (NO.of blows) * (NO.of layers) x (W.of hammer) * (H.of drop)
E= Volume of mold(mould)

= 2700kN. — Ly i s sbasy
m3

Modified Proctor Test

Drop = 457.2 mm
(18in)

S
M 3
' I

1
Drop = 304.8 mm
(12in)

No. of blows = 25 ddaj\ d::\-ﬁﬂ (O) (‘é‘) SS h!‘
= 4.';3:1;2% Ib) & 4:".’,)13"‘ 3 d.ﬂ:u\j\
el Jasl)

hammer
=2.5kg (5.5 Ib)
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Soil compaction &l Jas 4l lilaa

=183 3AiAl

L 5 dge all 23l ey e dpaladl Cliladl) (e SN Glaiy S adiing Bale
Ll il 5 ol pall alinn (s A8l pgdl 5 4 sllaall il e J saall (Type curve)

12

15

Plastic limit

35

45

(1) B 8

Liquad limit
12 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
0 / [
10
e s
15 Vg
P s |
_//7 e Y L/ |
23
— __;"’i_—/ — T B
= 1
e e e e e P
e —= — 28 [
| Iy

] 1 L——1 Lo
Note: Numbers between curves ——"“—'———",’-————""/ /“4:

identify zones of optimum —T | .———‘”“'ﬂ//ﬁ

B moisture content (%) | B [ e | S Py, ey
= o e o o o e = ——_-?:-_-_-,‘,-—,,-—_-54-
e et i g e sicits mEk (M

il Ll (5 ginall & alll aa g & gaadl aa day s Jaladia (1) B, JSS

Al a8 4 5 clodla) ) dalall e i Laxie o gl (5 kil a5l Caasia sl

oY) 8zl s 3 il Jaas s J8Y 5 Y

Jiall & Coglhall aaall aliil) Jiay (V)JSE)
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‘\!é)d&a

e Al il )l pand il

VY, Y \Y,Y 11,0 q,A A 1Y W%
Yo Yot Y.,0 14,0 YA,V 1,4 y
Y,V =G,

PR TP IREN

W% SE osh M g gadl s Y gm0y obaxd) ddlad) 48T (3
calaall Ailal) ALK sie (S9%) el A (b

Jasll e 790 i die w9y 40 (cC

.(zero-void curve or (line)) L& ~u )l (d

a):Jad)
w %o v (KN m) __ ¥ kN
Fd“___, 1 i e I::m3:|l

0.2 o9 15.9
b | 1=.7 17.3
o8 19.5 17.8
11.5 20.5 15.4
12.3 20.4 15,2
13.2 20.1 17.8

23

T |
2E S —— ' R BCKS P
- """\-\.__‘___‘ i Een:ﬁ:--.ﬂms

Dry it waight (kNm™)
H

=] i 8 2 ple] 11115 12 13 14

b)
GsVw
yd — 1+ sw
o 8.4
18,
S = WGs(Va)max/Yw S 0‘115xz'7x(9.8) = 0.71=71%
Gs—(YVa)max/VYw 2.7—( ’:_;:) ’
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C-
at 95% compaction:
4= 184x095=175 kKkN'm’

w=92% (From the graph)
d-
zero air-void line:
w (%) 6 8 10 12 14
Yg = :r:—{";,,: 228 21.8 20.8 20.0 19.2

Field compaction (22l Jaall €.V
‘Rollers caYalall (e 4dlida g\ﬁ Gaob oo Jaall s S
: o All 50ils il aea Jlee Y Al ci¥alall -

EA" S O s g B o~ i

1 Smooth wheel rollers 2. Pneumatic rubber-tired rollers

:Clay soils 4kl o il Aalall Aalal) -Y

3. Sheepsfoot foll-e-r

$5S) gehadl sl dgplall 4 511 8 Lewladinl 20a%y smooth wheel 4alall ; dadka
$ S5 eanll ol Ll saall dleud) AL sl s 5 (smoothing clend) AL 285l
Lewladiul Sy sheepsfoot § sill Adalall ddallaall ca¥alally Jasd ) 2z calin) il
g1 5Y) ae daliie lglee (5585 Madl clawdl @3y alaa¥) Glise 4 pasll cilidll as

Ll J el aad) ) 4 i CaliSS s Lay s SA Al



Sb (AR agaal) permeability 43l 4 il

permeability 41l 9-1

lgall M AplSa) iy algall ALl (ailadll L)y ol pladinl) deuly dpald
pon DA slaal) (L) g ye Bla) Ly 2 Doll Sliloe page & L (L Bale Pla
Gy Sas Dl cleld 8 sbadl asas - (Alledd) dpaliaall) Alaiall lebusal) e L51)
i 535 Y e (0ae) el Geadlall slall (ggin) 13) Dliad uaY L 5a2e JSLie
oalal) o) Al 8 dasagll IS I (5350 0 S WS ¢ gralel) as il g Al A
dadly Jlaal Loy (g Aadall Gl 3 ALY say palatll (e Guay o L ped]
Slrad) i Al Al Galdl cilisinad) ae Laagead dlol) Qll Ll ¢endl
sail e 05Ky Ll eVala ol sliyeSll lalge (e il el i Gad) e caiall
AbL) Al 48 ) Alal) D) e Ledgats Aol aua ) Glld (535 SN <Dha b
aan ) Bl haal) dphid e Wit o Ll 6 shall JSLa) e (e Gl
s )
Ga b oaN) al dydiall Bluall dsaSy AS iy Al B Slual) Gl Ay il
.(Seepage) paill avle sag gl agall gudlsall
) dadgle < g ((Aled)) Aelall) Aleaiall lalesall DA (9523 038 Blall AS)a
tdalll agaldl el adaal) LW eV A8l oy Adadill (e ) cpiidad G agal) 3y ik caas
Jaa ol dhi el Sl jas darie @ld Al (e (93] )by tagy) a8l f
() Sl e
(Bernoulli's Equation) lsiy dlalaa 9-2

:Q__.Af LASJ ¢ ;,Ld\ .JJAQ 2\3& k_il.u.x; us.q:\ (__.AJ'DJ Aalea uA

h= — y Z oz -1
" 29 L
dganll Jaria Jganll Aoy dganll & i)
Pressure head velocity head elevation head

h= total head e54(// wall, U = pressure Lisl, V = velocity eyl
g = acceleration due to gravity, y,, = unit weight of water
Z = Datum plane (vertical distance)  xss (syiwa
LS s8I0 ¢ Tan Ay ) A slaal) depus (958 deyadl Jags (9-1) Alslaall 3

u
h= — + Z ... (9 —2)
Viw
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A —= B
T Ahi
v

I Y
7
Yw \ -
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a2 tille 00 Ne T, ST
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SRR i ey W
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Datum

Al B slal) Ol Jian (1) ad) J<id)
On el 8 3 il (56$ o aag (B) ddais ) (A) ddai e slaal) @l s oY)
e M sgall e Aol 05 o) o A Al vie S agal) o e ¢ Lo ks
: (head loss  Ah) sgall Hled & e (gl G 3)ally B ddaail)

Ah = hy = hg= (2 +Zy) = (J2+ Zg)-oenns(93)
o okef Abledl) e OSang
- A 9-4
ol (9-4)

I = Hydraulic gradient 6543 1o nddl Judl, L = Distance AB yikaail) (4 d8Lial)
Darcy's Law s Osilt 9-3
P Sl ) Gl Ll DA gLyl de e Jae of 7580 (1856) (ool
V=K oo, (9-5)

V= discharge velocity

dalwe PR il 5389 4 dyladl sLall 48 a5 ¢ discharge velocity sLjadl de
bl sy (e Logae ahiall 138 (355 43 (o oase phais

K = hydraulic conductivity (coefficient of permeability)
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YL A Yy LY SRS Area of soil
- Mo e~ ST = - o= d h
n v Ve Ty (e ey (e Tar (e 2 eV s " ¥
Flow rate, g SSRf @ stss o sl8s Soesas S ol S 3@ 8g specimen = A
.L'l\,I.L'\ L s'\\,l..— LS ‘._.\\’l‘.
» - b5 - L - - - -
ALY ALY ALY
l¢ I o ||
< K >

Area of void in the
cross section = A,

BT A 1R Area of soil solids in
L the cross section = A

(9-7) Asleal) GlaLES (2)ad) JS
Obpall o) &aaall G V) el plaiall JalS 6 Jemny ool o s (9-5) aslel
Ol 138 e IS 13y ¢ (2) A8y ISl LAl Clia (o e Slgadll A Jeasy
b i) o G el (6S Ciges Aol o (Pia ((lsadll) Cleball 8 L Jeasy
Seepage il ol maill Aoy Vim caniiy Gaill Bangs (a3 ) Al il Alls
.Velocity

q = flow rate  Ljall Jaes
Vs = seepage velocity muijill de ju
A, = area of void in the cross— section of the soil

Zull (saganl) glaiall b lyadll daluse

A LA %4 %4 1+e
Vem oV =V =y Vo= = VD) (9-7)

e = void ratio cilgaall du
n = porosity 4wl
ol Ay e el magll e o o dlaleal
Hydraulic conductivity Sdg,u¢) Juasilll 9-4
phie DA sl syl 5l cas asl) sansy Csmidll 8 @il elall paa i
(003 ] sk ) Sy Leslans lall slai] e agee (Im/1m) s
fets dalse Bac o adiag
(043 ol ael) a1
)yl L2
lgadll i L3
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il dsgy 4
il da 2 .5
Hydraulic conductivity measurements 4S9 jaigl) dluasill (Wlid 9-5
o Crpniam ymlias) o) B il mllaty (L) il it 0 Glial) bl LA
.Jacob,1946 Sl iyl i Theis, 1935 Lul diylay as)lest (g
: (Gidall wbdll LB
i) Cpusiall and 3 -8
owsiall Cigaiall and ddisk —b
Constant head culil) Gguiall-a
Pl aw ) elad) Ggaiag Jalall bl Crgaia (g Gl o pandll 138 Gl
Bl Jae (35S Lovie LA eany + Aayte A1 3 pens i fiall elally Gandl) 553
(3) o JSE e el s WS¢ pandll B JalS DA Ak
pdliledd) 8 LS die jumy Aaeniall slaall JSH anslly (Al il pe adiioy
Q =AVE = A(Ki)t ..o, (9-8)
Q =volume of water collected draadll sLuall ans
A = area of cross section of the soil specimen 45l #3gai adaka dalise

t = duration of water collection ¢l pas 320

Culil) Gguuiall (and (3) Pé) J<&)

1«

L

J

il

il

i

‘. Graduated flask

|

E] Porous stone Z] Soil specimen
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. Ah Ah QL
where, | — then, Q= A(k—)t k=—— ..... —
— ) (! - ) ) (979
' e Fallig-Head Test juaiall Gguwiall (asd-b
le jf ey o il o pandll 138 il
PR mesemca -~ Gonias JAl clall @ gusia
RS Sﬂdy\a‘)um:c‘)&\ew\
: 4 e mals s WS el
SEDINSTNAL BRI B! " (4) ?EJ Jsal)
NNy daclll Gyl e aadiy
sl s o dresiall sLall I anally
ST v yyy Janl Y alaal) & LS die yuny
RIS, N S il
s.,r-'— \.'.\‘. .:-} \. .
oatiall Ggaadall (and (4) A& Jsil)
E Porous stone D Soil specimen
h dh
g= sz = —a;

where ¢ = flow rate
a = cross-sectional area of the standpipe
A = cross-sectional area of the soil specimen

Rearrangement of Eq. (7.12) gives

al dh
dt = E(—T
t _(I_L hz _ﬂ

or

_aL,; (hy\ _ al hy
k=2in(32) = 23032 l0gyq

At hy h>

This test is usually used to determine £ for fine-grained soils.



Example 7.1

Refer to the constant-head permeability test arrangement shown in Figure
(7.3). A test gives these values:

e [=30cm

e A= area of the specimen = 177 cm’

e Constant-head difference. h= 50 cm
e Water collected in a period of 5 min = 350 ¢m?
Calculate the hydraulic conductivity in cm/sec.

Solution:
Fromeq. (7.11)
=0k,
_ 3 Aht 3 _
Given Q= 350 cm”, L=30 cm. A= 177 cm”, h= 50 c¢m, and t= 5 min. we

have:

(350)(30)

= 3
GGG e — 320 X 10% em/sec

Example 7.2
For a falling-head permeability test. the following values are given:
e Length of specimen = 20 cm
e Area of soil specimen = 10 cm’
e Area of standpipe = 0.4 cm’
e Head difference at time to = 50 cm
e Head difference at time t_jgpsec = 30 cm
Determine the hydraulic conductivity of the soil in cn/sec.
Solution:

From Eq. (7.14),
o

aL
k = 2.303;log10 »

We are given a= 0.4 em®, L= 20 cm. A= 10 cm?, t= 180 sec, h;=50 cm

and h,= 30 cm

k = 23032829 ,;,, (5°

_—) = -3
(10)(180) 30) 2.27 X 107" cm/sec
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Seepage Process guaill 4xles -1
(Flow rate) chsll dame s 5 ol mllaiaa M 2,306 ¢ guin 5o A Ll (§ bl o
Eany Glall o il Cus 5 gea Jaals IS ol O 58 aladiuly il (Sal (531
Gany Ghoall daal) I Y1 ¢ gl all adaie dalie JalS e aliiia gl sall 138 5 s slaily
¢ ol e Jsb e aliiie e (50 sanll pdalall dalia ) 5 4 i) Jals Glalad) Caasy
Ansaall g ylall o Alalaa Wl jelad aail) 138 Jal g ¢ laiad ST ) peaad (o jall o)) (ina
1 385 Laplace equationosoky dalas (e 4 il ava Jals ddas g1 & sl
e 4313 Ol Aalee Ja OY it Al el Al Hall e (5 siadll
Laplace equation Solution ¢« 4ilaa Jsla 2-1
L) V) Ao sucae Leailing sa8xe Jsla (analytical methods) 4adadadt gkl -1
AT dlee e a Y G b Al Cog Sl (e z3leill Jan dulie
Aguanigl) JSLaal) (e
2 gall cansi danadia gl aaaiud (nUMerical methods) 4l (k) -2
Ll s diall )l gaui Lay ) Baamia by gaari g J sl g jahunn ) sha 028
gl JSLa) e Ay ) 48kl 4
Jens¥) doadl Jall I Ll 48, Ll 338 & (graphical methods) awdl Gk -3
Ban o allil Ll 8 saalaiey dakliie b gh av )y sk oo GOLY Al
(Flow net) chal) 4S8 cans 4 sbocte L s (i el 5 I shall alaad inas Cilay 1
Flow net gl il 3-1
pdashaall (e (e 5 e lal) 4805 Gallss
Sl baeall glalia (e ol JU) jlue Jiai a5 :(flow lines) ool bsha (a
bl s ) 3 (downstream) (ol sl Jawall (slalia ) (upstream)
(2ea)) 3Ll 5 sae glii ) S (equipotential lines ) ) (s st bashaa (b
(5 sluite Lanan Lo Ll g i) 0 5S5 Jadl) 13 e Ul jéa die ey el (5 5buia

(1) 5 sl «
f<«— Sheet pile
—T— -
H, X i 2
l = H,
Flow line
k,=k.=k
Equipotential line —>»
Impervious layer = <« : : : y

gl (g sl b shad 5 (b jall Do ghaa (1) B8 JSul)
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abli Ll sy o) lea Gl (pla yd @lllin (2) a8 JSEN ¢ Gl ASad an s s oY)
(flow cells) cloadl LIS 5 ¢ B gae (5585 () oy 2gall (g slud Jashad 5 L jall L glad
g sl 4 5 ) seay Cransy Gladl b sl JISET : daa e ) day pe JST cla Ty 585 o
oo 73 gaill Lgd addind Claa aladinly s dlee Claalie A (e o o Waliief o i

(2) éJM\EwEJmQ\JWEﬁL@_\SP‘ng\ U_ﬂ_\g‘);u‘),\a.\u\h}l

<— Sheet pile
Water level _T_ -
H
: - —t Water level
l b alld e H>
k., =k, =k ¢
1\/, =4
/’VJ =6
J g
.l": 5 , -7, '.:‘,: \ ’.f - v’ ‘.:’,"
Impervious layer “~ ; Vg NS s elsor sy
4 o 1% PR ISP '\ "= ' 55 I\ " n
SRR PV N0l a’, ’ QNP 2

Sl a2 (2) 5 IS

( boundary conditions) (4 s dase s yha @lla 33ke) cpha all ) ALY

(de) ol 3¢ e (@) (el sl o D) : Ll i ¥l bt Sl
AY () agall s sl da sl | yiie | Lagdl Ly 5 (equipotential lines) deall (s st lad Jiay
7T G) o) dagall Gl eV (e IS ¢ Lagan 43 a2 Ll 55 Jhal) o shad aiai @)
e Y oloall lad Jis (sheet pile or Dam ) die 4800 5 el cileLiiall 4 Al
Jiud s2iiall e Al mhas oo Jlys ba AT (acd) il sa A3l s bad J
Cogybaday WIeda | A gae adalii L) 5 ) agall (s sl Jo shad dxe aiual (531 5 ¢ JS)
(seepage) <l ipeS lilua & i) ks 3l of casy (boundary conditions)

Seepage Calculation from bl 4d e quedl cllua 4-1
Flownet

flow ) glall 88 and Gaslaie Jloa i ol om lpdll ¢ (ol as 3
aall sl bsha lod s ghoall 3@ ek ¢ (3) A, Jall (channel
hy, ha, e 0sSe . oboall (e ae il ) IS5 ) 4y 8 440 (equipotential lines)
ol 88 & Glal) Jane L (lsadl i Jsha e 8 sinall U 3 8ball cusulia hg, hy
elaS gy () (Ko (3383 A8kl JUA aza el adaiall e (50 gae ) Jshall 82a 5

Aql = Aq2 =Ag3 =...... =Aq........... (10-1)
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AN hl

o hy

A
Iy
3 L
Ag
Ags

Wl
[ I
/\\ 7
[
Nt A
N e
Ag;

S adle 5 (0= KIA ) s Gl Jaxa « (Darcy's flow) (ool dalae S
AN 5 ) geally Aalaall UK Bale )

h1l-h2 h2—-h3 h3—h4
Aq = k(D1 = k(L = k(B = (10-2)
Ah= hi1- h) = hy- h3 =hsz-hs =.....= i (10-3)
Ng
4 H
Aq =k N_d ...................... (10-4)

H= (downstream s upstream)cm slall o gusia (34l

N ;= (number of drop)aealb (=lasy) &l e e
8aa) g 3as 5 adadal) Aalia el
) 38 qpend Jaeall il Alls 3 ¢l 5 s 5L Gl jall Jaes Jiad (4-10) Aslaal)
¢ o b€ Alslaall praad 33d3a)) Gl

q = rate of seepage < il Jara
N = number of flows channel gl all &l 58 2
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Hydraulic gradient Sslsugd Jsall 5-1
1op Sl uel) Jaall () ALl 3 jualaall (4 L e

where,
Ah= 2L

Ng
el O3S g AN i (1) S pe¥) @l s Jshall & 4 slatia e LAY ) Lay
(imaxum) US*“ é:‘jj)%‘“ J\AA-.’! LA‘G\ Gué-.’ BN ‘UA)“M bda Jic « Q—.‘G P é:‘jjjﬁs‘éj‘
¢ el (10-6 Aalaall A Alial) Jiai LY ) Lgasd ol 8 (1) 0S5 Ladie Jadd 138 Juany s
bl gabadl pbd AT G (p) dagend) Alead) W o G (L) O
D Ol A 8 ghal) a ) ulila s g downstreamdihia
imax S, (10-7)

lmin

or,
Ah

lexit—
lexit

Seepage stress and seepage Force il 8 88 5 o pull 3¢ 5-1
(2) Cnme Goe o A ana JA15 dies 4k b effective stress Jladl slea)
DO g« (4) A S ¢ () A e

0,=0,;-W=V*Z —Yu*xZ = Z(Y—Vw) =V *Z =
ysubmerge*z

o, = effective stress Juxdl seal)

50 g

il JA0 Risne A ie Jladll sl (4) 3 IS
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Lo gy A8 ja 4l oyl () G g ¢ oSl elall ) Jlie] e 33le ) Jladll dlga V) 4o
(Vw * L * Z)=(2) o= o Al B alea) zi 558l 338 (), * 1) = (A5 mi b4
D08 G Jladll alea¥) a1

O, =V *Z ¥y, *xi*Z..... (10-8)

y= wet density

Z = depth of point within soil Z_all Jaly ikl Gac
Yw = water density slall 435S

[ = Hydraulic gradient S5 uel) Juall

s (4) 33k A deass o L) (07) Jadl) Sea¥) o) ey (6-10) Holaal) Aol (g
(0 ) a2 3 Jeudl 4ala) oIS 13 seepage ol Blad) Cuua (<) plaats 4l Cuaay
(0 A JE Sle D
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Example 8.1
A flow net for flow around a single row of sheet piles in a permeable soil laver 1s
shown 1n Figure (8.4). Given that k=5 x 107 cov/'sec. determine
a. How lugh (above the ground surface) the water will rise if piezometers
are placed at points a and b.
b. The total rate of seepage through the permeable layer per umt length
c¢. The approximate average hydraulic gradient at c.

Water level

%, 4

3
H
56m N Y Water table

22m

] * Flow channel 1

A

Ground surface :

Flow channel 2

<—— Flow channel 3

£
‘ ?"é
O ’; Impervious layer
oY
A\

Solution: Part a
From Figure (8.4), we have Ny =6, H;=5.6m. and H,=2.2 m. So the head loss of
each potential drop 1s

H=H;-H;=56-22=3.4m

Ah =+ =32 = 0567m
Na 6

At pomnt a, we have gone through one potential drop. So the water in the
piezometer will rise to an elevation of
(5.6- 0.567) = 5.033 m above the ground surface
At point b, we have five potential drops. So the water in the piezometer will rise
to an elevation of
(5.6- 5x0.567) = 2.765 m above the ground surface

Partb
From Eq. (8.4),

HN 2.38
q=k— L= (5x 1075)(3:4)=— = 674X 1075 m*/sec/m

A
Part ¢
The average hydraulic gradient at ¢ can be given as
2 head loss Ah 0.567m
= =—=——=10(0.138
average length of flow between d and e Al 4.1m

(Note: The average length of flow has betn scaled)
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California Bearing Ratio (CBR)

oY) a3 Ak ) Alda g 4 il lade dae g5 w45y yla alldall (i il A Bl

Pavement (dawYU Jayliil) dauka)

Base Coarse (oY) d3yla)

Sub-base Coarse (L) cad dauh)

Subgrade (Al dak)

Mold= 15.24cm diameter x 17.8cm height

Collar =15.24 x 5cm

Compaction hammer = 4.5 kg

Compression machine = 19.35cm? and penetration rate = 0.127cm/min




candll () A 8US 5 Gare 25k ) (5 51 die Dy ) (a8 daslia (w4 CBR pasd
O A€ Juaniong o8 1) 138 () Adgee 4 il Al i e QB ) g g Jaadl) A B ) lany
Lsh A5 (e Jsane zisai b 2au]9.35 anhie daliee e Jaleil 4 53U1 3 g8l 3
Tl A Jalaill (e Gaall (i EilasY 4 gllaal) dould 3 8 83 5 ) (e (Bac A0S 5 dina
A Aaad) e WS 5 Sl siiall (g uild

test unit load

CBR = 100
standard unit load "

Al ey o Agleall Sl 8 Al 8l 5 (o &5k A 5 CBR ol (s dalaall (he
08 « 45 3 Jia a8 S 3355 Aoy JS Fpnill 5 Jaga 25l

S J sl 8 de bl Jaladl) ae dpnlll 568l Bas g )

Penetration, cm Standard unit load, KN/m?
Jaladl) Aol 3 gall Bas g
0.25 6910
0.50 10365
0.75 13129

1.0 15893
1.25 17966

a0.5dalaill s &8 CBR 4w o) i 1) (815 200,25 Jalaill e aaizy 3ile CBR ()
o2 8 g Al 5 e J) ) Gasdll 4 CBR ded of g N5 panill sl o aay S
0,52kl Alla 3 CBR e aaiai 4lla)

(o ianiing olae WSy e pgh ) siaa zii e 5 a0 80 CBR (=ad
ASTM b sadll alai o D 5l B &yl aladiod &5 (pas Jandll o o) Jaall yand
(Al Jgaall s gay Alma Jas A8y

Method Blows Layers Hammer, kg
D698 B (fine-grained soil) 56 3 2.5
D698 D (Coarse-grained soil) 56 3 2.5
D1557 B (fine-grained soil) 56 5 4.54
D1557 D (Coarse-grained soil) 56 5 4.54




ce Al clel @ ol L 0,127 cm/min )l Ay 2l CBR aad 3 Jadaill o
b a5 0.5em  olee IS Jalas N Jeas o) J) Jadas 0.0635 mm JS 2 Jaladl)
1.25ecm olaia S Jadas A Gaadll Al A Jaal o) () 0.25cm IS @ile) jall 32 g8

Lol at ula) g 4o il liada 8 LgaladliuY Jelaiy) 4y il Jladl sl aadiis CBR O
.CBR J al Jsaa sa Il Joaall ol jdadll s (5l

CBR general rating unified
0-3 Very poor Subgrade OH,CH,MH,OL
3-7 Poor to fair subgrade OH,CH,MH,OL
7-20 Fair Subbase OL,CL,ML,SC,SM,SP
20-50 Good Base, subbase GM,GC,SW,SM,SP,GP
>50 Excellent Base GW,GM
;L“s),\'js.d\ Canll

(e Adlie A a4 il LaliS g 448 ) JAia (e 3 lal) daclll 4 1) (e 2l 45 sy -]
Ol e S A & JE g (Jamal) Jasdl (asd Ll Jadul aa) gk ) (5 giaal)
il 4l J8 (ulailly 4 4y ha )l ¢ 555 S Blall aSaa )

c_dtﬁj‘(ﬂuao} )ﬂsl\w:\ﬁjjjdm\ﬂwus.\d \uﬁl\ﬁr_\ﬁéc Ué)d\&“)"'z

Figure 19-2
Place mold over 2-in. spacer disk on perforated baseplate
and securely fasten to baseplate.

Alazivd) 4 5l D o) B 48 )las ASTM D698 or D1557 déal sal laii Jaall o3y -3
skl pand (a jal gl 4 5l Ge QB Zaged Mg (el 4n g LS

LS5 Aada 1) 48U sy () & (s Bl ciled 8 ey (5 sy dsalll J1n -4
oole ) '5)};4!\ ‘f
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Figure 19-3

Penetration testing for CBR number using a Clockhouse com-
pression machine. Dial gange in load ring is for load readings.
Lower dial gauge is for penetration readings. Note that piston is
going through two surcharge weights stacked in the 2-in. mold

gap from the spacer disk.

- Jsaadl b LS 5 cle gl 31 2 -6

Penetration, cm Load, kN/m? CBR
0 0

0.0635 160.5
0.127 282.7
0.190 389.8

0.250 491 7.1
0.317 580.4
0.381 665.4
0.444 747.6

0.50 819.5 7.9
0.75 1026
1.00 1232
1.25 1420.6
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Penetration, m Jaill

CBR = 2L 4+ 100=7
6910

To determine the California Bearing Ratio value of the subgrade soil.

APPARATUS:

Loading machine-any compression machine can operate at constant rate of 1.25mm per minute
can be used. Cylindrical moulds- moulds of 150mm diameter and 175mm height provided with a
collar of about 50mm length and detachable perforated base. Compaction rammer, surcharge weight-
annular weights each of 2.5kg and 147mm diameter. IS sieve 20mm, Coarse filter paper, balance etc.

THEORY:

The California Bearing Ratio(CBR) test was developed by the California Division of Highways as
a method of classifying and evaluating soil- subgrade and base course materials for flexible
pavements. CBR is a measure of resistance of a material to penetration of standard plunger under
controlled density and moisture conditions. CBR test may be conducted in remoulded or undisturbed
sample. Test consists of causing a cylindrical plunger of 50mm diameter to penetrate a pavement
component material at 1.25mm/minute. The loads for 2.5mm and 5mm are recorded. This load is

expressed as a percentage of standard load value at a respective deformation level to obtain CBR
value.

PROCEDURE:




Sieve the sample through 20mm IS sieve. Take 5kg of the sample of soil specimen. Add water to
the soil in the quantity such that optimum moisture content or field moisture content is reached. Then
soil and water are mixed thoroughly. Spacer disc is placed over the baseplate at the bottom of mould
and a coarse filter paper is placed over the spacer disc. The prepared soil water mix is divided into
five. The mould is cleaned and oil is applied. Then fill one fifth of the mould with the prepared soil.
That layer is compacted by giving 56 evenly distributed blows using a hammer of weight 4.89kg.
The top layer of the compacted soil is scratched. Again second layer is filled and process is repeated.
After 3 layer, collar is also attached to the mould and process is continued. After fifth layer collar is
removed and excess soil is struck off. Remove base plate and invert the mould. Then it is clamped to
baseplate.

Surcharge weights of 2.5kg is placed on top surface of soil. Mould containing specimen is placed
in position on the testing machine. The penetration plunger is brought in contact with the soil and a
load of 4kg(seating load) is applied so that contact between soil and plunger is established. Then dial
readings are adjusted to zero. Load is applied such that penetration rate is 1.25mm per minute. Load
at penetration of 0.5,1,1.5,2,2.5,3,4,5,7.5,10 and 12.5mm are noted.

Standard Load Values

Penetration(mm) Standard Load(kg) Unit Standard
Load (kg/cm?)

25 1370 70

5 2055 105

75 2630 134

10.0 3180 162

12.5 3600 183

RESULT:

California Bearing Ratio at 2.5mm penetration =
California Bearing Ratio at 5.0mm penetration =

California Bearing Ratio of subgrade soil =

OBSERVATION:
Weight of soil taken =

Weight of surcharge =




Area of plunger, A =

Proving Ring Calibration Factor =

SI No.

Penetration(mm)

Proving
dial
reading

Load on
plunger(kg)

Corrected
load

Unit
Load




STRESS (psi)

STRESS -PENETRATION CURME : -« o000 0

( .......... CALIFORNIA BEARING RATIO .. ... .. ]

Project CXAMPLE 1314 Location: Springficld, Virginia

Project Number: BE
Samphs: Loc stlan: 013 59 - Bulk
Deseription of 5oil: Light browm silty SAND

" Bainple conmpactad aceaiding o AASHTO T3 Swichaige = 125 pl

TEST T ASWMOLDED  ACTEM SOAK
Diry Uit Weight {pef) 105.3 105.3
Miolsture Congent [%) 148 106
Percent Compaction 915 915
Parceant Sl L]
CBR at 01" 56
CBR at 0.27 6.2

0.5

0.3 0.4
PEMETRATION (INMCHES)

0.1 0.2
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