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21(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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21 (b)

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

Sample thickness =2.75cm = L

Diameter of soil sample=82cm -

Diameter of stand pipe =9.5mm = d.

Initial head of water in stand pipe =100 cm = h,

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

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?
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(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.

(ii) 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.

[6 + 6 marks]
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21(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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2.1 (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 Tl
90m area Rigid
T - Center | Corner |Average
§ Circular [
i cadtinealar Hl 1 | oee | 085 | o8
|
190 m 1.0 112 | 056 | 095 09
ji ) 15 136 | 068 | 120 | 1.09
TOT | [ 2.0 153 | 077 | 131 | 12
| s Iﬁom 5.0 210 | 005 | 183 | 168
) 10.0 252 | 126 | 225 | 202
0 m
100.0 338 | 169 | 296 | 27
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2.2 (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 kIN/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 kIN/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.
(ii) 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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Derive the expression for change in pore pressure in terms of Skempton’s parameters.

[20 marks]
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Q3 (a)

(i) A saturated soil has a compression index CC-= 0.263. Its void ratio at a stress of
150 kN/m? is 1.89 and its permeability is 3.3 x 108 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 kIN/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 = 25:1[H: V]
Downstream slope = 2:1[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
[8 marks]
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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 cm/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 1.5 m on
downstream side as shown in figure.

(Take, v, = 9.81 kN/m?)

.|]lq

ANSNNNNY

85m

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)

(if) Write Terzaghi’s guidelines for the design of protective filter along with their
respective significance.
[5 marks]
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Q.3 (0)

Determine the ultimate pile-load capacity of 50 cm diameter pile shown in the figure
below:

0N
Loose sand 5 K.; §
Y,=17kN/m ¢=30°

Soft clay
Y = 185 kN/m®
Cu =20 kN/m’

Dense sand
Yoo = 20 KN/ m®

6m o = 40° o
1R S (> \/ N, =130
SHeH vadaben Db
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.

[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? 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)
[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 kNN 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.

[20 marks]
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Q4 (q)

A 10 m deep cutting has side slope 0of 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 éohesiOn, against failure of the slope, when;

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

(ii) water level goes down suddenly.

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

¢ Sn
6° 0.122
7° 0.116
14 0.074

[20 marks]
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Q5 (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 F—15m—= 33 m i D
Staff reading at -E
Level at -
A B C )
E 1.855 | 0.808 | - .
D |2427 1368 | 1.666 i
48 m 1 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]

HE{ght o insttuoment atf
(B> hig = Ryt €55 7 20+ 1855
Hig = f2f: ¢ 55m

(M D= Hig= ho+ v 2% 9 My = (22-G24m -

- a0 = 12185540:808
tlevaron o B — Rl ~ B Hlp 40808 = [21:855%0°¢€

Rlg, = 12)-0u¥m
o\
wwg\/ ) P\LB?_ x H-Io; 368 = {22-u2"—};l-369

g, = l21-069m

L (0MME  devarion of B 2 Rig Rip, € g o »

2—

| Me 7 12)63am
/

ostteet elevation o € = Rl = HIp > 1666

% l%%%? -)'666

[ RLC Zz IZU:




Do not

MRARDE ERSY Question Cum Answer Booklet | Page 42 of 82 | rein

this margin

Uk steading ap T hom L' be Seg .
RL(— 2 HLE = SCL

120'%1 - (2!‘?5 - JCF.

Scp = |-Pqum }

|




MEDE ERSY Question Cum Answer Booklet | Page 43 of 82

Co not
write in
this margin

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?

[12 marks]
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Q.5 (¢)

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 1, and 1, in the bar and tube respectively.

(i) 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.

A /rTube B
Bar —'I" J_dn
\\ ]
fe—— L =750 mm —*| F].lxed 4
plate d, —
[12 marks]
Thit & pastel comanation — -
ngle ot twist Jame i bu.u N tube
@b = O
@)L . @ Y
G Jy G J"
T ® Bl 2 T, = 0593 T —®
By Y jo 5 B T
5 (39 3L(”5“°)

kio — Tp+ T = 460 =

SBtom ) — Ty (1:593) =4S

l"rt > 28249 N-m | —Toxque in tube

—

lrb = Jb?}-S!N"W); L TOWQ in bax .

Mo M dheas steen 1n

¢
M bax - Ty Wl - (ls)(aea-étxfo)
7dy® (35> —
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b~ T Tol = (163-50)(10°) ( ¥50)
&Jy (goxi0)( %')(35

T@P? 0'01066 stad = O-QM

Tospional o HFDey of  (om po &R bCO,

3
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Explain the importance of self cleansing velocity in designing of sewers. Derive shield’s
expression for self cleansing velocity in a sewer.

[12 marks]
@ S ¢ u%hh‘hé anu‘Hbﬂ -

S W scowd 0Ff ant pasen' Ue of solid
LeHied atr botrom (oes, .

“Jr alo doeg vob allow Solid pwunTles fo cettle at bofto

S hug Tt s mpostant to pxevent” blotkage of Jewese and mainttin

Smooth  fgnckion of  S¢ st &tﬁ»ﬂ—em.
- Ty While dw.%m'n% b de olidlfied ek du}u‘ha minimum How ,

ctwage mwt hewe e~ fow with adeugt SUF Lleandng vaou‘,ua_,
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Q.5 (e)

&

A completely mixed activated-sludge plant is to treat 10&00) m®/d of mdgstnal
wastewater. The wastewater has a BOD; of 1200 mg/] that must be reduced to 200 mg/ 1
prior to discharge to a municipal sewer. Pilot-plant analysis indicates that a mean cell-
residence time of 5 days maintaining MLSS concentration of 5000 mg/1 produces the
desired results. The value for Y i.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.

[12 marks]

(Y volume of stealpt e

WE = YQ(.)(S(’—Se)@(
1+ ¥q Oc -

(V) (5000). = (0% ((0000) (1200~ 200)( 5)
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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]

« Fost Jmppfna ggh t detance | bsaHng dictonce (s

torrputied computed W
Vg =
zstMBF:ts] /@

Neste Ng = Bwqhné e%uenu}
f = Bichon coefdent

S$— JlOPE ¢+ stoad -

JE wcendu‘na glope  tep ‘3 drgtance Velue steduced
while & dhe duw_nm‘né clefe inttoasey T4 volue
M cropplng signe dfitance w4 invedely elated 10 <ope o
Moad  fuface
* FoMmowa mentioned wekes (+ deas o W bsmp‘na effﬁ‘u‘m%

n(eades bsuculu‘ng diftemte  siedut(es

T UL iR of bitake Mo iNvekidy xeated o 35D
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Q6 (a)

(ii) For a two-lane two-way traffic road, the following are the particulars:
Speed of overtaking vehicle = 65 kmph = Va
Speed difference between the vehicles = 15 kmph = aV
_ Acceleration of overtaking vehicle = 3.28 kmph/sec = &
Perception time of driver of overtaking vehicle = 2 seconds . ty
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.

Speed of oveMtaken vehicle —
Vl&z\/,\_—ﬂ\jt 65 -5 2 Vg:ﬁoiﬁmp‘ﬁ-
() Lenym ot Sate 0D —

ofp *» dit daxdy

dj= 0-2¥9Vp £og = 0-2F€¥XSUY2 D  d; =2F

dy® 0-239Vy, T + Jia*r’-

' Hs A
TﬂON}(Pﬁhw§ Hme = ¥

\

@ Jquetenction > §:28 Bmph /. /= OB 0qllm/ L

§ = Space headwmj,
& pex JRC — §2 02N + 4 =0 2X50)+ 6 = Jbv

Hx (6 5

£-39 cec.
i N o-all

dy v (0-2%2)(50)(8-38) ~ (J;)(o-qn)(svswl

d2 = ly§-yuem

wv’tt&db
dg > bdiyrante .¢# vehide on obmese lane

ds * Qo-z,:g)QA)T = 0'2LFBx65xE-3Y

dy = IS]-42F m

[14 marks]
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osh
osD
[ Sr |
J
S F
s
G—
___’ 1—*r—
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o{p -
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Q.6 (b)

(i} An L-shaped bracketlying in a horizontal plane supports a lc;ad P=500N as shown
in figure. The bracket has a hollow rectangular cross-section with thickness ¢ =5 mm
having outer dimension b = 45 mm and % = 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.

R .| A =% mm
4«35*'

[15 marks]

Rp = 500N <05k ()

Mg = (0-5) (o-ug ) = 0225 R (ahowt. X-03)

y i : {ense )«
Tp = 106)( 0-3) 7 0°35ka-m  (Towque 4 amtcoULolse )

Bending ¢ H e at A 6
0:225x10° (45)

M )
6p = — =
KTOTE Yy
( ~)(q0)5 (s‘zol3 4
leys (45 — (33) = 12406 x0Y mm"-
12 Fae

6
L Gy e 9223XW0 XUS 5 6t 263 NImm~  ( Tensile)

azu-otnclolf

Ra-ABY
b1

Dletec + shear skies

g *
A>Ty 0 ot K oat e

) toP ooy -

Tostiional Shease wHew, = _ T
2Mpt -
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(i) The box beam shown in figure is made up of four 200 mm x 25 mm wooden planks

this margin
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.
—_—

=l

200 mm

o

~egull

— —200mm—= — -
25 mm

25 mm

[5 marks]

P
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Q.6 (c)

{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 aleng the line joining P and @, then determine the
horizontal distance of ‘R’ from ‘A’. Assume P, Q and R lie on a uniform sloping

ground.

A

M1 B+ 8L

H1 > qo4.875m

let  Bas Dy’ be digtance berween A owd P.

Hah 1030‘ = .i(_'f_ z) Dl 2 1-&‘ '__'(D
by 10"

e | [
T - A

Py tanc®20 '

Fsom (D) o2 () - Xt A Xpt3

0-02619 011349

352 ~1) %y =3

Xp =0°895m
RlobP 2 Rlp> HI txp-1 £ f0kg¥s+0235 -1

0-995
san 30"

Dy

3 Dy T34(3¥m.

[15 marks]
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Ape— by ¥
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PRLR , OHpg * 905-01 - Q04-33 = O-2m-
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2-303m

A— Db ——— '

—— U7665m ——A

¥

By cosme sude in 4 PAR, dictance AR 2y
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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]

' The deviarion of magneric neeflle at paseri ot pliece

Aom  acla) we BB NOSUD-S0Lth ~ugnen’c fledd W Calted
magnenc  deyrmedton -

" Magnen'c deUinafign @n  OUX due to

) Diustna) vasiahten — - Thic us due to th visdanon in magnenc
Hed.  Thic {5 madmum ar st in summest .
(¥)_Anual vaiicnon ~ - Magnenc degisttion takes Plae due to

Sadmal vasuanion at lse plgC

() secusm lase Vaianon — - Thi's pat teg e mum  dedination. T

OMpLed  on  lasge Hme span of 100 - (5D years -




MEDE EBSY Question Cum Answer Booklet

Page 62 of 82

Do not
write in
this margin

Q.7 (a)

A shaft is 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?,

(iii) The stress acting alone to produce the same maximum strain shall not exceed

110 N/ mm?2.

(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 e) at temperature of 20° C is 0.23 per day?
[6 marks]
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Q.7 (¢

(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 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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Q.7 (c)| (ii) Briefly explain the operationsi\involved in setting up the plane table.
[5 marks]
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Q.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.
(ii) Position of summit peint 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 ~4— from left end.

[12 marks]
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Q.8 (b)| (ii) 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 (c)

(i) What are different methods used for land filling in dry areas? Discuss them.
[10 marks]
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Q38 (o)

(ii} Determine the amount of alr required to oxidise completely 500 kg of waste having

the chemical equation C;

00040N'
(Assume oxygen in air is 23 percent by mass)

[10 marks]
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