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Q1 (a)

Section A : Geo-technical & Foundation Engineering

A partially saturated soil from an earth fill has a natural water content of 19% and a bulk
unit weight of 19.33 kN/m?. Assuming the specific gravity of soil solids as 2.7, compute
the degree of saturation and Void ratio. If subsequently the soil gets saturated, then
determine the dry density, buoyant unit weight and saturated unit weight of soil.
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Q.1(b)

The following data were recorded in a falling head permeability test.

Sample thickness = 2.75 cm

Diameter of soil sample = 8.2 cm

Diameter of stand pipe = 9.5 mm

Initial head of water in stand pipe = 100 cm

Water level in the stand pipe after 3 hours 35 minutes = 75 cm

Determine the coefficient of permeability if void ratio of sample = 0.73. What will be its

value if void ratio of sample is increased to 0.91?
[12 marks]
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Q1 (c)

(i) Write short notes for the following:
1. Effect of water content on compaction of soil.
2. Effect of compaction over permeability of soil.
3. Stabilization of soil using calcium chloride.

(i) A layer of saturated clay is 6 m thick and lies under a newly constructed building.
The weight of sand overlying the clay layer is 254 kN/m? and the new construction
increases the overburden pressure by 112 kN/ m?, If the compression index is 0.5,
compute the settlement if water content is 45% and specific gravity of solid particles
is2.7.
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Q1(d)

(i) Describe methods of foundation design in swelling soil to reduce the swelling effects.

(ii) Explain negative skin friction in case of piles.
[8 + 4 marks]
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Q.1 (e)

The plan of a proposed soil heap is shown in the figure below. The heap will stand on a
thick deposit of soft clay having Poisson’s ratio of 0.5 with E-value 13.5 MN/m? The
uniform pressure on the soil may be taken as 175 kN/m?. Determine the immediate
settlement under the point marked “x” at the surface of the soil.

Influence factor
Shape of loaded Flexible
90 m area Rigid
<= . Center | Corner |Average
! Circular [,
: Rrision o E] 1 | o064 | 085 | 08
L1
ooml | 65 10 112 | 056 | 095 | 09
5 15 136 | 068 | 120 | 109
Eoaaan 2.0 153 | 077 | 131 | 122
i > '5; ]60‘“ 50 210 | 005 | 183 | 168
) ol 10.0 252 | 126 | 225 | 202
100.0 338 | 169 | 296 | 270
[12 marks]
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Q.2 (a)| A wall of 6 m height retains backfill of dry granular soil that weighs 18.5 kN/m? has a
level surface. When there is no surcharge above the fill, the overturning moment caused
by the total active pressure at a point at a base of the wall is 150 kN /meter length of
wall. The specifications permit certain amount of uniformly distributed surcharge but
state that surcharge must not increase overturning moment by more than 75%. What

surcharge can be allowed if the angle of wall friction is 25°?
[20 marks]
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Q.2 (b)] A 2.5 m square footing carries a safe load of intensity 400 kN/m? at a depth of 1 m in
sand. The saturated unit weight of sand is 20 kN/m? and the unit weight above the
water table is 17 kN/m?®. The shear strength parameters are ¢ = 0, ¢ = 38°. Compute the
factor of safety with respect to shear failure for the following cases:

{i) The water table is at 5 m below ground level.
(i) The water table is at 1 m below ground level.

(iii) The water table is at ground level and there is a seepage, acting vertically upwards
under a hydraulic gradient of 0.2.

(Take, N, = 66.34 and N, =77.2)
[20 marks]
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22 (c}

Derive the expression for change in pore pressure in terms of Skempton’s parameters.

[20 marks]
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Q.3 (a)

(i) A saturated soil has a compression index C. = 0.263. Its void ratio at a stress of
150 kN/m? is 1.89 and its permeability is 3.3 x 10~¥ cm/sec. Compute the change in
void ratio if the stress is increased by 109.5 kN/m?. For a soil stratum of 4.5 m thick
what will be the total settlement? Also determine the time required for 80%
consolidation to occur if drainage is one way. (Take y, = 9.81 kN/m®)
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Q.3 (a)

(ii) Calculate the seepage through an earthen dam resting on an impervious foundation.

The relevant data are given below:
Height of the dam = 60 m

Upstream slope = 2.5:1[H: V]
Downstream slope = 2: 71 [H: V]
Feeboard = 3 m

Crest width = 10 m
Length of drainage blanket = 90 m
Coefficient of permeability of the embankment material in
X-direction = 8 x 107 m/s
Y-direction = 6 x 107 m/s
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Q.3 (b)| (i) A sheet pile is driven upto a depth of 5 m in a bed of sand having coefficient of
permeability in x-direction and z-direction equals to 0.002 con/ sec and 0.0025 cm/sec
respectively. An impervious clay layer exists at a depth of 12 m below the ground
level. The sheet pile is retaining water upto 3 m on upstream side and upto 1.5m on
downstream side as shown in figure.

(Take, ¥, = 9.81 kN/m?)

K]
N

Datum

7

Y AV
3Im 1 =

Vi

12m 15m

Determine:

1. The quantity of seepage loss per unit width.

2. The seepage pressure at the points A, B, C, D and E.
3. The pore water pressure at the points B and D.
4

. Exit gradient when minimum distance between equipotential lines at
downstream ends is 1.2 m,

5. Factor of safety against piping. Given, G = 2.67 and porosity (1)) = 0.35.
[15 marks]
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Q.3 (b)

(ii) Write Terzaghi’s guidelines for the design of protective filter along with their

respective significance.
[5 marks]
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Determine the ultimate pile-load capacity of 50 cm diameter pile shown in the figure
below:

2m Loose sand/x?’\ I
WT.g Y,=17kN/m" ¢=30°

Soft clay
Yo =185kN/m® o
Cu =20 kN/m’

Dense sand

Yo =20 kN/m® A
6m &= 40°

Nq =130

The angle of friction between pile and soil is 0.75 times of angle of internal friction of
soil. The earth pressure coefficient for loose sand is 1 and for dense sand is 2. Adhesion

factor for soft clay is taken as 1.

S= 0159 o 2| [20 marks]
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Q4 (a)

(i) Explain in brief about free swell test and bulking of sand.
(ii) A group of nine piles, 12 m long and 250 mm in diameter is to be arranged in a
square form in a clay soil with an average unconfined compressive strength of
60 kIN/m?2. Work out the centre to centre spacing of the piles for a group efficiency
factor of 1. Neglect bearing at the tip of piles.
(Assume adhesion factor o = 0.9)
D) [8 + 12 marks]
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Q.4 (b)

Two column footings 1.2 m x 1.2 m each, spaced at 6.5 m centre to centre and located at
a depth of 1.5 m in sand layer of thickness 6 m, transmit a building load of 290 kN each.
A 8 m thick compressible clay stratum is found to be present below the sand layer.
Below the clay layer is found a stiff impervious stratum. The water table is existing at
3 m below the ground surface. Sandy soil is having specific gravity of 2.65, void ratio of
0.7 and moisture content (above water table) of 12%. The clay soil is having a specific
gravity of 2.55, average void ratio of 0.95 and coefficient of compression of 0.38. Determine
the ultimate settlement of the column. 990

999 [20 marks]
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Q4 ()

A 10 m deep cutting has side slope of 1.5: 1 (H:V). The soil was tested and found to have
the cohesion of 25.7 kN/m? void ratio of 0.8 and angle to internal friction of 14°. Determine
the factor of safety w.r.t. to cohesion, against failure of the slope, when;

(iy water level in the cut rises up to full height.

(ii) water level goes down suddenly.

[20 marks]

Specific gravity of soil is 2.7.
For the given slope, stability numbers for different angles of internal friction is given
below,
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Q.5 (a)

Section B : Highway Engineering-1 + Surveying and Geology-1
+ Strength of Materials-2 + Environmental Engineering-2

Figure given below shows a rectangle ABCD, in which A, B and C are the stations where
staff readings were obtained with a level set up at E and D. The observed readings are
tabulated as shown.

A —15m—=t 33 m { 1}
Staff reading at < E 3
Level at 7
A B C -
20m / F
E |18 |0s08| - l
D |2427 1368 1.666 Al

Bre——48m—C -

If A is a benchmark having an elevation of 120 m, calculate the correct elevations of B
and C. Also find the missing staff reading at C from instrument location E.

[12 marks]

Rip =120

Cowpect elevatien oF 8 2
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Q.5 (b)

Distinguish between Telford’s and Macadam’s method of road construction in terms of

subgrade slope, foundation stones, base course, surface course and thickness of cross-

section. Also what technological lessons do you derive from macadam pavement?

o [12 marks]
R Ford ‘:mtn& mataBam  Roa
Sbgrude ND S1oPE- 17 45
Siehe
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She b
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, Gt txushedk 6Btomeb
8ute " Etone g

Covy B&

snwFute tes Besg w Brtume .
Covr b ehe

Thitknebs ObbYA et C‘lo ~98 )ty
of -5
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- 4} 15 Pr B s+ Pavemend  thal ¥ prourdes JaT Stept I
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Q5 (d)

A solid steel bar of diameter d; = 35 mm is enclosed by a steel tube of outer diameter
d, =47.5 mm and inner diameter d, = 40 mm as shown in figure. Both bar and tube are
held rigidly by a support at end A and joined securely to a rigid plate at end B. The
composite bar which has a length L = 750 mm is twisted by a torque T=450 N-m acting
on the end plate. Determine:

(i) The maximum shear stress 7, and 7, in the bar and tube respectively.

{ii} The angle of rotation ¢ (in degrees) of the end plate and torsional stiffness K. of
the composite bar, assuming the shear modulus of steel as 80 GPa.

4 A o Tube B

RN “ Bar I Jomm™ d,

br'\'o')

5,

fp—— L =750 pun —|

T = 8oy [12 marks]

T> Tt To Ty 2 TObE

9‘17} l.) —~ 7}._}:_?:1 4__
ty Ty Wy T ox 35

35 %

o =

To 4rg - do ¥

T . p593 3 > 0:693 T2
™

T+ Ty 2 4850
1638 T > 450
Te & 29245 N-™
oo g7-52N-M

M 7,2 Ti% = 17522 ?’7“5>HD+3

T IR TR
)

- 19. | rren

29 > Tota 299_.4_})(102}( 23-75 %32 )mmn“

R — = 9270

n x ‘i. aq.siawq’ﬁ
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Q.5 (d)

Explain the importance of self cleansing velocity in designing of sewers. Derive shield’s
expression for self cleansing velocity in a sewer.

[12 marks]
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Q.5 {e)

A completely mixed activated-sludge plant is to treat 10000 m3/d of industrial
wastewater. The wastewater has a BOD, of 1200 mg/1 that must be reduced to 200 mg/1
prior to discharge to a municipal sewer. Pilot-plant analysis indicates that a mean cell-
residence fime of 5 days maintaining MLSS concentration of 5000 mg/1 produces the
desired results. The value for Yi.e. decimal fraction of food mass converted to biomass
is determined to be 0.7 kg/kg and value of K, is found to be 0.03 day!. Determine:

(i) Volume of reactor.

(ii) Mass and volume of solids wasted each day.

(iii) Sludge recirculation ratio.

Assume an underflow concentration of 15 kg/m? from secondary clarifier.

3 [12 marks]
B . 3
@ 2 10000 m3] Qs YU
oD = 1avomy )l = So
S » 9omgiR o =Nt
G > g5 duyg Qw v
n Bwvw = Y4
X 2 5000 mytd e
¥~ o7 10
~ (o97 6L x SO X 5
KJ 2009 ,"_
5
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3

y » 0328 = Qv 8 -6) -
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Q.6 (a)

(i) Write a short notes on the effects of following factors in determining the stopping
sight distance.

1. Efficiency of brakes.
2. Slope of the road surface.
[6 marks]
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Q.6 (a}| (i) For a two-lane two-way traffic road, the following are the particulars:
Speed of overtaking vehicle = 65 kmph
Speed difference between the vehicles = 15 kmph
Acceleration of overtaking vehicle = 3.28 kmph/sec
Perception time of driver of overtaking vehicle = 2 seconds
Length of overtaking vehicle = 6 m
Calculate the following:
1. Length of safe OSD.
2. Minimum length of overtaking zone.
3. Desirable length of overtaking zone.
Also, draw the neat sketch of the overtaking zone showing the position of the sign
posts. '
[14 marks]
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Q.6 (b)

(i) An L-shaped bracket lying in a horizontal plane supports aload P =500 N as shown
in figure. The bracket has a hollow rectangular cross-section with thickness f =5 mm
having outer dimension b = 45 mm and k = 90 mm. The center line lengths of the
arms are b, = 450 mm and b, = 700 mm. Considering only the load P, calculate the
maximum tensile stress, maximum compressive stress and maximum shear stress
at point A, which is located on the top of the bracket at the support.

Z t=5mm
1 h=9 mm
Y
1
B =45 mm
[15 marks]
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Q.6 (b)

(ii) The box beam shown in figure is made up of four 200 mm x 25 mm wooden planks
connected by screws. Each screw can safely transmit a shear force of 1400 N. Estimate
the minimum necessary spacing of screws along the length of the beam if the
maximum shear force transmitted by the cross-section is 5 kIN.

— ot
200 mm
[~ - I
— —200mm—n  —
25 mm 25 mm

[5 marks]
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Q.6 (¢)

(i) From the instrument kept at A, the following vertical angles were observed:

Staff at P :

1°30’ to the 1-m mark and 6°30’ to the 4-m mark
Staff at Q :

0°45’ to the 0.5-m mark and 4°30’ to the 4-m mark

The horizontal angle PAQ was measured as 61°30" and the reading at a benchmark
of R.L 902.5 m was 2.375 m. Determine the R.L of points P and Q. If a station ‘R’ of
R.L 905.01 m is to be located along the line joining P and Q, then determine the
horizontal distance of ‘R’ from ‘A’. Assume P, Q and R lie on a uniform sloping

ground.

[15 marks]
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Q.6 (c)

(ii) What do you understand by the term "Magnetic declination’? What are the different

variations in magnetic declination? Explain briefly.

[5 marks]
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Q7 (a)

A shaftis supported in bearing 5 m apart subjected to a bending moment of 15 kNm and

transmits power of 80 kW at 2.5 Hz. Find the suitable diameter for the shaft for each of

the following cases:

(i) The maximum direct stress shall not exceed 110 N/ mm?.

{ii) The maximum shear stress shall not exceed 55 N/mm?.

(iif) The stress acting alone to produce the same maximum strain shall not exceed
110 N/mm?.

(iv) The stress acting alone to store the same maximum strain energy per unit volume,
shall not exceed 110 N/mm?.

[20 marks]
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Q.7 (b)

{i) Explain nitrogen and sulphur cycle of oxidation of waste organic matter under

aerobic conditions with help of diagrams.

[14 marks]
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Q.7 (b)| (ii) The 3 day 37° BOD of a sample of sewage is 300 mg/1. What will be its 5 day 25° C
BOD if K, (base ¢) at temperature of 20° C is 0.23 per day?
[6 marks]
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.7 (c)

(i)

A traverse ABCDEA was conducted and due to the difficulties in the field, the bearing
of line EA and the length and bearing of line DE could not be measured. To
supplement the missing quantities, ranging rods were placed at A and E and the

angle ADE was sighted as 20°30". It is also known that the line EA lies in the N-W

quadrant. From the given data find the missing quantities.

Line AB BC CD DE EA
Length (m) | 3025 1 288.2 199.5  Missing  201.2
Bearing | N74°15'E S60°30°E  S30°45'W  Missing Missing

[15 marks]
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2.7 (c}| (ii) Briefly explain the operations involved in setting up the plane table.
[5 marks]




MADE ERSY Question Cum Answer Booklet

Page 72 of 82

Do not
write in
this marg




Do not

MADE ERNSY Question Cum Answer Booklet | Page 73 of 82 ;’fjﬁjg@m
-8(a)| Onahighway, arising gradient of 1 in 50 meets a falling gradient of 1 in 400 at a reduced

level of 150 m. Assume the eye level of driver to be 1.125 m above the road surface and

the height of the obstacle to be 0.10 m. If the sight distance is 300 m and vertical point of

curve is taken as origin, then determine:

(i) Equation of summit curve taking origin at vertical point of curve.

(i) Position of summit point of curve from origin.

(iii) R.L. of vertical point of curve.

(iv) R.L. of vertical point of tangency.

(v) R.L.of point lying on curve which is just below vertical point of intersection.

‘ [20 marks]
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Q.8 (b)| (i} A beam of uniform section and length 2L is simply supported at its ends and carries
a symmetrical triangular loading of which the intensity varying from zero at each
end to w at the centre. Determine the slope at distance L/2 from left end and

_ 3L
deflection at a distance of e from left end.
w
EL

o = U_i_‘? — u‘_)_i‘_'? 3+ &
4 24—
g,_ e 3 ' ‘-Sw 3
e, = wid w3 o _wm— bwt -q_%_
Er dy -~ WL 21— wx?% SuL>
Bow * 241 24—

Sﬁbbe ait L’g_

Er dy
A
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Q.8 (b)| (i) A steel ring of rectangular cross-section 6.50 mm wide by 4 mm thick has a mean
diameter of 250 mm. A narrow radial saw cut is made and tangential separating
forces of 4 N are applied at the cut in the plane of the ring. Determine the additional
separation due to these forces. Take E = 2.1 x 10° N/mm?.
[8 marks]
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Q.8 ()

(i) What are different methods used for land filling in dry areas? Discuss them.

[10 marks]
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8 (c}

(if) Determine the amount of air required to oxidise completely 500 kg of waste having
the chemical equation C;H, ;,O,;N.

(Assume oxygen int air is 23 percent by mass)

[10 marks]
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