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FOURTH SEMESTER
CIVIL ENGINEERING
CE 42 — SOIL MECHANICS
(REGULATIONS 2008)

Time : Three hours Maximum : 100 marks

Graph sheet will be supplied on request,
Answer ALL questions.

PART A — (10 x 2 = 20 marks)

1. If the porosity of a soil is 40 %, find the ratio between
volume of solids and volume of voids.

2. If uniformity coefficient of a soil is twice its coefficient of
curvature, find the ratio between Deo and Dso.

3. Ina constant head permeameter with cross sectional area
of soil sample of 10 cm?, when the flow is taking place
under a hydraulic gradient of 0.5, the amount of water
collected in 60s is 600 cc. Find the coefficient of
permeability of the soil.
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Base material Filter
Size corresponding to 15% finer 0.08 mm 0.8 mm

Size corresponding to 85% finer 0.2 mm 4.0 mm

The pressure at the base of a square footing of size 1.5 m
is 200 kPa. Using 63.5° dispersion method, find the depth
at which the vertical pressure is 60 kPa.

The time of consolidation of a layer with one way drainage
is ‘f. Determine the time of consolidation of the same
layer for the same degree of consolidation but with

two-way drainage.

The unconfined compressive strength of a saturated clay
is 200 kPa. If a cell pressure of 100 kPa is maintained on
a similar specimen of clay in Unconsolidated Undrained
test, find the deviator stress at which the sample will fail.

Say true or falée and justify your answer: In a drained
triaxial test, the failure plane is the plane of maximum
shear stress.

Say true or false and justify your answer: The side slopes
of a canal are more critical when there is a sudden
drawdown rather than when the canal is running full,
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What is the maximum depth of a vertical cut which is just

stable in a purely cohesive soil of unconfined compressive
strength of 40 kPa and unit weight of 19 kN/m3. Taylor’s
Stability number for this case is 0.261.

(a)

(b)

)

(i)

@
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PART B — (5 x 16 = 80 marks)

The mass of soil specimen coated with thin
layer of paraffin wax is 690.6 g and the mass of
soil alone is 683 g. When the paraffin-coated
specimen is immersed in water, it displaces
350cc of water. The specific gravity of solids of
the soil is 2.7 and that of wax is 0.89. Find the
void ratio and degree of saturation if it has got
water content of 17%. (10}

Explain the influence of moisture content and
compactive effort on the compaction of soils. (6)

Or

The oven-dried weight of a pat of clay is 0.33 N
and the weight of mercury displaced on
immersion is 2.4 N, If the specific gravity of
solids is 2.85, determine the shrinkage limit.
(5}
A soil has a liquid limit of 45 %, plastic limit of
20 % and flow index of 50 %. Determine its

toughness index. If the natural water content
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consistency. Also, classify the sail as per IS if
the fraction passing through 75.micron sieve is
60 %. (11)

A sand stratum is 8 m thick. The water table is
at 1 m below ground level. The specific gravity
of solids and average void ratio of the sand are
2.7 and 0.7 respectively. The capillary rise
above the water table is 1m. Draw the
diagrams showing the variation of tota] stress,
neutral stress and effective stress for the sand
stratum, (10)

State the properties of flow net. (6)

Or

A 3 m thick sandy stratum has a coefficient of
permeability of 3 x 102 m/s, A separate test
gavea porosity of 40 % and bulk unit weight of
20.6kN/m3 at a moisture content of 31 %.
Determine the head at which upward seepage
will cause a quicksand condition. Also find the
discharge velocity and seepage velocity under
quicksand condition. (10)
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Explain the influence of temperature and
properties of perment on the coefficient of
permeability of a soil. 6)

An elevated structure is supported on a tower
with four legs. The legs rest on piers located at
the corners of a square of side 7 m. If the value
of vertical stress increment due to this loading
(considering 1 equal concentrated loads) is
25 kPa, at a point 8 below the centre of the

structure, what will be the stress increment at

10 m below on of the legs? 10y

State the assumptions made in Terzaghi's

one-dimensional consolidation theory. 6)
Or

Twa clay specimens A and B of thickness
20 mm and'30 mm have void ratios of 0.68 and
0.72 respectively under a pressure of 200 kPa.
If the void ratios of the specimens are 0.55 and
0.65 respectively when the pressure was
increased to 350 kPa, find the ratio of
coefficient of permeability of two specimens if
the time required by the specimen B to reach
given degree of consolidation is three times
that required by specimen A. (10)
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(b)

(i) Explain the procedure of  obtaining
preconsolidation pressure as suggested by
Casagrande. 6)

(i) Using Mohr circle and strength envelope, find
the angle made by the failure plane with
respect to major principal plane. 4)

(i) The results of triaxial tests conducted on three

samples of a soil are given below : (12)
Trial No. 1 2 3
Cell Pressure, kPa 100 200 400

Deviator stress at failure, kPa 280 350 490

Find the shear strength parameters of the soil.

Or
(i)  Discuss the limitations of direct shear test. (6)

(i) Describe the state of soil samples A to D when
the Mohr circles describing their state of
strosses ave'as follows: for A, the Mohr circle is
a dot on the normal stress axis, for B, the Mohr
cirdle is too small to touch the strength
envelope, for C, the Mohr circle is tangential to
strength envelope and for D, the Mohr cirele is
so large that part of the circle is above the
strength envelope. Also for the sample C, find
the angle made by the failure plane with
respect to major principal plane. (10y
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(a)

(b)

An infinite slope with a slope angle of 30° is 5m
high. The soil has cohesion of 30 kPa, angle of
internal friction of 20° and unit weight of 19 kN/m*.
Find the factor of safety with respect to cohesion.

Derive the equation used if any. (16)
Or
(i) Explain with sketches, the different ways by

(1)

which a finite slope may fail. )

An embankment 10 m high is inclined at angle
of 40° to the horizontal. A slip circle method
analysis gives the following forces per running
metre.

£ Shearing forces = 450 kN
£ Normal forces = 873.2 kN
£ Neutral forces = 218.2 kN

The length of the failure arc is 22.0 m. Soil
teste in the laboratory indicate that angle of
internal friction is 15° and cohesion is 20 kPa.

Find the factor of safety with respect to
(1) Shear strength
(2) Cohesion. (10)





