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PART - A
11) Density index or relative density D, or I,
e il - P
D= —22"° v100 (#>

€max — €min

Where €,y = maximum void ratio of the soil in the loosest condition

€min = minimum void ration of the soil in the densest condition

void ratio in the natural state

12) Uniformity co

- is defined .s)%ﬁo of D60 by D10 (L
Effective size (D10) Q (1D

- Djg is termed as t élve particle size - it means that 10 percent of the

particles are finer and 90 percent of th s are coarser than that particular particle size Dig

1 3) Objectives of compaction 0 -r'
Q. W/
(i) To increase dry density and thus ian/E shear strength W}

(ii)  Toreduce tendency for settlement of soilfafer loading V&)
(iii)  To decrease the permeability and water abs&r(dy of soil

I 4) Significant depth : 2,
- Depth upto which the stress increment due to superimpo ads can produce (

significant settlement and shear stresses and depth of exploration should be at least
equal to the significant depth

15) Fender pile
T c2D

" - Are sheet piles which are used to protect water-front structures from impact of ships
and vessels

PART -B

I 1) Grading of soils

- Distribution of particles of different sizes in a soil mass ( 20



2
Gap-graded or skip-graded ( 3
- Soil in which some of the intermediate size particles are missing
- Curve with a hump in the particle size distribution curve
Well-graded or uniformly graded ( 2)
- Soil which contain particles of different sizes in good proportion
- Aflat S curve

112) Derivation of the relationship between p°, Psarand Py,

Fig. Submerged mass
Fig shows a soil mass submerged under water. The soil solids wh@e a volume of Vs are
buoyed up by the water. The upthrust is equal to the mass of water dispdiced by the solids.
Thus U=Vsp,

Mgyp = Ms—U 38'» G>
= VsGpy — Vspw
o Vepw (G — 1) derivans (29
il Vv

Alternatively we can also consider the equilibrium of the entire volume (V). In this case, the total
downward mass, including the mass of water in the voids, is given by

Msat s MS + V‘IJPW
The total upward thrust , including that on the water in the voids, is given by




U="Vpy
Therefore, the submerged mass is given by
Mgy, = (Ms +V,p,,) — Vpy,
AL (M; +V,py,) — Vow s Mg — Vpy,

Vv Il Vv
i Mg a
P' = Psat — Pw

I13) Comp@yurve & its salient features

¢

Compaction curve — water content as abscissa ant@ onding dry density as ordinate /1

- Water content corresponding to the maxi density is known as the optimum
water content )4 Q

- At water content lower than the optimum, the soi 1 stiff and has lot of void
spaces and, therefore, dry density is low

- As the water content is increased, the soil particles get lubgated and slip over each
other, and move into densely packed positions and the dry density is increased

- At a water content more than the optimum, the additional water reduces the dry
density, as it occupies the space that might have been occupied by solid particles

(4>

II 4) Effective pressure. pore pressure and total pressure.

V (a) Pore water pressure / neutral stress (‘ 23

-The water in the pores of a soil is called porewater. The pressure within this

porewater is called pore pressure (u).




- The magnitude of pore pressure depends on: (i) the depth below the water table (ii)
the conditions of seepage flow.

- The neutral stress or the pore water pressure or pore pressure is the pressure or
stress transmitted through the pore fluid.

- This pressure or stress, equal to water load per unit area above the plane, does not
have any measurable influence on the voids ratio or any other mechanical property
of the soil, such as the shearing resistance.

(b) Effective stress r 5 )

e" meant the calculated stress that was effective in moving soil, or

causing disffl ts. It represents the average stress carried by the soil skeleton.

(c) Total pressure (2D
-pressure due to self w% e soil or that due to the externally applied forces or both
- at any point within the soil

ée total pressure is resisted by the soil grains and the
S

&oii mass
11 5) Differentiate between disturbed and undis@@?@.
Disturbed samples } [ %>

*
- Are samples in which the natural structure of the@ ts disturbed during sampling
- Represent the composition and mineral content of tlé

- Used to determine the index properties such as grain si@ticity characteristics,
specific gravity

pore water present in the void

Undisturbed samples ( 2O

- Are samples in which the natural structure of the soil and water content are retained
- It is impossible to get truly undisturbed sample

- Used to determine the engineering properties of the soil, such as compressibility,
shear strength and permeability

.11 6) Necessity of pile foundation

(i) when strata at or just below the ground surface is highly compressible and very weak
to support load transmitted by the structure .



(ii) when the plan of the structure is irregular relative to its outline and load distribution
(iii)for transmission of structural loads through deep water to a firm stratum

(iv)used to resist horizontal forces in addition to support the vertical loads in earth
retaining structures that are subjected to horizontal forces due to wind and earth quake

(v)are required when soil conditions are such that a wash out , erosion or scour of soil
may occur from underneath a shallow foundation

(vi)are used for the foundation of some structures, such as transmission towers, off-shore
platforms, which are subjected to uplift

(vii)in
water content ¢

expansive soils , such as black cotton soil, which swell or shrink as the
piles are used to transfer load below the active zone

(viii)collapsibl@#®ils, such as loess, have a breakdown of structure accompanied by a
sudden decrease in void Yoo Jaen there is an increase in water content. Piles are used to transfer
the load beyond the zone of*p s?' e moisture changes in such soils t

I1 7) Different shapes of wells & aracteristics

(i) Circular g ¥
' - The most commonly use is circular, as it has high structural strength
and is convenient in sinkin@/e’
- The chances of tilting are also mfiipum in this shape.

- The shape is quite suitable for §i e single-line railway bridges and the
double-lane road bridges

- However, when the piers are excessi lgng, the circular shape becomes
uneconomical.
- The maximum diameter of circular wells @ggnerally limited to 9 m.
(ii) Double-D wells P

- Are generally used for the piers and abutments of bridtes which are too
long to be accommodated on a circular well of 9 m diameter.

- The wells of this shape can also be sunk easily.

- However, considerable bending moments are caused in the steining due to the
difference in pressure between the outside and the inside of the well. Further,
the square corners at the partition wall offer greater resistance to sinking.

(ili)  Double-octagonal wells :
- Are better than the double —D wells in many respects () )
- The square corners are eliminated and bending stresses are considerably reduced
- They offer greater resistance than double-D wells against sinking on account of
increased surface area
- The construction is more difficult



(iv) Twin-circular wells o

- are two independent wells placed very close to each other and having a
common well cap.

- The wells are sunk simultaneously.

- These wells are suitable where the length of the pier is considerable, which
cannot be accommodated on a double-D or double-octagonal well.

- Twin circular wells are advantageous when the depth of sinking is small and
the bearing capacity of the soil is high.

- The disadvantage of twin circular wells is that there is a possibility of the relative
settlement of the two wells even if a heavy R.C.C top cap is provided unless
the wells are founded on an incompressible soil.

(v) Rectangular wells AR

-, are generally used for bridge foundation having depths upto 7-8 m.

-/ Aor large foundations, double-rectangular wells are used

piers and abutments of very large rectangular wells with multiple dredge
are used.
tresses in the steining are very high in rectangular wells.

PART-C

UNIT -1

111 a) Corrections to the hydrometer readings

(i)  Temperature correction (2 3
- the hydrometers are generally calibrated at 27°C
- if the temperature of the soil suspension is not 27°C, a temperature correction C;
should be applied to the observed hydrometer reading
- if the test temperature is more than 27°C, the hydrometer readings will naturally be
less than what they should be, and hence the temperature correction will be positive




- if the temperature is lower than 27°C, the temperature correction will be negative

(i)  Meniscus correction (D
- Since the soil suspension is opaque, the hydrometer reading is taken at the top of the
meniscus

- Actual reading , to be taken at the water level, will be more since the readings
increase in the downward direction

- Hence the meniscus correction C, is always positive

- Its magnitude can be found by immersing hydrometer in a jar containing clear
water, and finding the difference between the reading corresponding to the top and

om of the meniscus

ing agent correction (Y
#fh of dispersing agent in water increase its density, and hence the

dispersin age correction Cq is always negative
Corrected hydr@ ding R is given by

%+Cmict—cd

Where Ry’ = observed hydr

eading at the top of the meniscus
Composite correction — three corr% mbined into one correction (i
A,

N &P
b)) Ygq = T Teet 18.18 kN/m % O b - [ A
Ghw 2.70%10 O
§ e O _1 4 >
geg = =140 OT%O 9 A.q,

5= wG _ 0.1X2.70
T e 049

= 0.551 (55.1%)

IIT ¢) Water content determination by oven drying method
- A specimen of soil sample is kept in a clean container and put in a thermostatically
controlled oven with interior of non-corroding material to maintain the temperature
between 105°C to 110°C
- - For complete drying, sandy soils take about four hours and fat clays take about 14
to 16 hours. Usually the sample is kept for about 24 hours in the oven so that
complete drying is assured. A temperature higher than 110°C may break the

pa'dl&/vlwt'( = 1
Fovmulg —|
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/

crystalline structure of clay particles resulting in the loss of chemically bound
structural water

A clean non-corrodible container is taken and its mass is found with its lid, on a
balance accurate to .01g

A specimen of the moist soil is placed in the container and the lid is replaced.

The mass of the container and the contents is determined

With the lid removed, and the container is then placed in the oven for drying
After drying, the container is then removed from the oven and allowed to cool in a
desiccators

The lid is then replaced and the mass of the container and the dry soil is found
M;—Mj3

>= m X 100 (percent)

mass of the container with lid
mags of the container with lid and wet soil
M3 = the container with lid and dry soil

IV a) Consistency limits using oisture content graph

A soil containing high %mtent is in a liquid state and volume is high in this
state

Liquid limit- water content at n)goil changes from liquid state to plastic state
When water content reduces fro @ state it reaches plastic state —volume
decreases from initial level

Plastic limit — water content at which th ﬂnges from plastic state to semisolid
state

When w is reduced below plastic limit, the soiPajfaids a semisolid state

In semisolid state, the volume of the soil decreases decrease in water content
till a stage is reached when further reduction of the wa tent does not cause any
reduction in the volume of the soil

The soil is said to have reached a solid state -here no appreciable change in volume
is observed with a change in water content

Shrinkage limit — water content at which the soil changes from semi-solid state to
solid state

goarh <~ 2
cyp\aﬂfﬁ'u --.}



IV b) Core cuttr mtho |

e cutter consisting of a steel cutter, 10cm in diameter and about 13cm high and a
high dolly is driven in the cleaned surface with the help of a suitable

The mass of #e Jail in the cutter is found
lume of the cutter the bulk density is determined
The water content

density is computed Q s

F‘o’ ~®
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1V ¢) Uses of particle size distribution curves

The particle size distribution curve is extremely useful for coarse-grained soils. As the
behavior of fine-grained soils (minus 75 u) depends upon the plasticity characteristic and not on
the particle size, its use for fine- grained soils is limited.

(1) The particle size distribution curve is used in the classification of coarse-grained soils
(2) The coefficient of permeability of a coarse-grained soil depends to a large extent on the
size of the particles.

(3) The particle size is used to know the susceptibility of a soil to frost action.

(4) The particle size distribution curve is required for the design of drainage filters.

an—-a, ﬁv{, PUSH];
oM %




(5) The particle size distribution provides an index to the shear strength of the soil.
Generally, a well-graded, compacted sand has high shear strength.

(6) The compressibility of a soil can also be judged from its particle size distribution curve. A
uniform soil is more compressible than a well-graded soil.

(7) The particle size distribution curve is useful in soil stabilisation and for the design of

pavements.

(8) The particle size distribution curve may indicate the mode of deposition of a soil. For
example, a gap-graded soil indicates deposition by two different agencies.

(9) The particle size distribution curve of a residual soil may indicate the age of the soil
deposit. With increasing age, the average particle size decreases because of
weathering. The particle size distribution curve which is initially wavy becomes smooth
and regular with age.

UNIT- 11

V a) Explain di velocity and seepage velocity.
Discharge Velfga

—1is titigus velocity
- obtairﬁa@viding the total discharge by total cross sectional area (consists

2%

of solids s)
Seepage velocity
-actual velocity orl rgscopic scale 2) i
- as the flow can take nly through voids, the actual velocity through the
voids is much greater t discharge velocity

| : ()
V (b) Factors affecting permeability. 0 ‘ :
(i)  Particle size O{ 3‘\\'2 fve DX (-5
- coefficient of permeability of a soil is p ~.ﬁﬁkmal to thé’square of the particle

size . O

(ii) Structure of soil mass O -
- coefficient of permeability also depends on the flow ]@

- flow passage depends on the structural arrangement

(iii) Shape of particles

- For the same void ratio, the soils with angular particles are less permeable than
those with rounded particles, as the permeability is inversely proportional to the
specific surface

(iv)  Void ratio

- For a given soil, the greater the void ratio, the higher is value of coefficient of

permeability
(v)  Properties of water



- Coefficient of permeability is directly proportional to the unit weight of water and is
inversely proportional to its viscosity
(vi)  Degree of saturation
- If soil is not fully saturated, it contains air pockets
- Permeability is reduced due to the presence of air which causes blockage of passage
- Permeability of a partially saturated soil is considerably smaller than that of a fully
saturated soil
(vii) Adsorbed water
- Fine grained soil have a layer of adsorbed water strongly attached to their surface
which is not free to move under gravity
auses an obstruction to flow of water in the pores and hence reduces the
ability of soils
iies in water
h matter in water has a tendency to plug the flow passage and reduce the
effective ooids nd hence the permeability of soils

V (c) The method of findin e goefficient of permeability using constant head :Ké i P

permeameter.

R0t 2pl ol -3
The coefficient of permeability of a ely more permeable soil can be determined in a
laboratory by the constant-head perme %s}.ﬂ'l‘he test is conducted in an instrument known

as constant-head permeameter. It consist etallic mould, 100 mm internal diameter,
1273 mm effective height and 1000 ml according to IS : 2720 (Part XVII). The
mould is provided with a detachable extensj llar, 100 mm diameter and 60 mm high,
required during compaction of soil.The moul s@v' ed with a drainage base plate with a
recess for porous stone. The mould is fitted I wit inage cap having an inlet valve and
an air release valve. The drainage base and cap have flttfige for clamping to the mould.

ibside the mould between two
ermeable than the soil. The
The water tubes should
eter by pouring the
ovided with a dummy
e sample is compacted

Fig. shows a schematic sketch. The soil sample is plat
porous discs. The porous discs should be at least ten time
porous discs should be deaired before these are placed in the
also be deaired. The sample can also be prepared in the p
soil into it and tamping it to obtain the required density. The base®i
plate, 12 mm thick and 108 mm in diameter, which is used when
in the mould.

It is essential that the sample is fully saturated. This is done by one of the following three
methods.

(i) By pouring the soil in the permeameter filled with water and thus depositing the
soil under water,

(ii) By allowing water to flow upward from the base to the top after the soil has been

placed in the mould. This is done by attaching the constant-head reservoir to the drainage

base. The upward flow is maintained for sufficient time till all the air has been expelled

out.

(iif) By applying a vacuum pressure of about 700 mm of mercury through the drainage cap for



about 15 minutes after closing the drainage valve. Then the soil is saturated by allowing
deaired water to enter from the drainage base. The air-release valve is kept open during

saturation process.
After the soil sample has been saturated, the constant-head reservoir is connected to the
drainage cap. Water is allowed to flow out from the drainage base for some time till a

steady-state is established. The water level in the constant-head chamber in which the mould is
placed is kept constant. The chamber is filled to the brim at the start of the experiment. The
water which enters the chamber after flowing through the sample

spills over the chamber and is collected in a graduated jar for a convenient period. The head

causing flo
and the cons

is equal to the difference in water levels between the constant-head reservoir

If the cross-secti a of the specimen is 4, the discharge is given by

q = kiA

/))Q/”j

where L = length of specimen, A %&using flow.

% collected divided by time.
@)

%

The discharge ¢ is equal to the volume



VI (a) Standard proctor test

IS :2720 (Part VII) recommends essentially the same specifications as in Standard Proctor
test, with some minor modifications and melrification. The mould recommended is of 100
mm diameter, 127.3 mm height and 1000 ml capacity. The rammer recommended is of 2.6 kg
mass with a free drop of 310 mm and a face diameter of 50 mm. The soil is compacted in
three layers. The mould is fixed to a detachable base plate. The collar is of 60 mm height.

About 3 kg of air-dried, pulverised soil passing 4.75 mm sieve is taken. Water is added
to the soil to bring its water content to about 4% if the soil is coarse-grained and to about
8% if it is fine-grained, The water content should be much less than the expected optimum
water content. The soil is mixed thoroughly and covered with a wet cloth and left for
maturing for about 15 to 30 minutes.

B 415

Rvief e»p)anaih)gh_a,
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The mould is cleaned, dried and greased lightly. Th@s of the empty mould with the base
plate, but without collar, is taken. The collar is then#tted tg.the mould. The mould is placed
on a solid base and filled with fully matured soil to atfogame-third its height. The soil is
compacted by 25 blows of the rammer, with a free fall “@nm. The blows are evenly
distributed over the surface. The soil surface is scratched atula before the second
layer is placed. The mould is filled to about two-thirds height €vi e soil and compacted
again by 25 blows. Likewise, the third layer is placed and compacigd. The third layer should
project above the top of the mould into the collar by not more than 6 mm.

The collar is rotated to break the bond between the soil in the mould and that in collar. The
collar is then removed, and the soil is trimmed off flush with the top of the mould. The mass
of the mould, base plate and the compacted soil is taken, and thus the mass of the compacted
soil is determined. The bulk density of the soil is computed from the mass of the compacted
soil and the volume of the mould.

Representative soil samples are taken from the bottom, middle and top of the mould for
determining the water content. The dry density is computed from the bulk density and the
water content.

The soil removed from the mould is broken with hand. More water is added to the soil so
as to increase the water content by 2 to 3%. It is thoroughly mixed and allowed to mature. The
test is repeated and the dry density and the water content are determined.










































