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Question paper specific instructions
g9 U & o faferse orgew

1. This paper is divided into two Sections, Section-A and Section-B.

I geue @ @i ¥ fauii B, @s-A 3w @s-B

2. Each Section contains four (4) questions.

U s H =K U9 B

3. Candidate has to attempt five questions in all.

qfierell @ 9= ueHl w1 SO} frEEr B

4. Question Nos. 1 and 5 are compulsory and out of the remaining, THREE questions are to be attempted

choosing at least ONE question from each Section.

ge d@&r 1 3R 5 Afard 2 ofik 9wl & @ 62 di9 & s R g,
UH TS d Uk USH &l & HET & |

5. Word limit in questions, where specified, should be adhered to.

gl 7 g |, Stel s B, & srgaer fEar s e )

6. The number of marks carried by a question/part is indicated against it.

g&F Us/ A & o Frag i Sas G Ru e ¥

7. Questions are printed in English & Hindi languages. In case of any ambiguity in translation
of any question, English version shall be treated as final.

g% g9 el o SfISh N1 et H ®ur ¥ ueHl & orgare ¥ R sreysar # Refy F,
SHUST FEHLOT B & HAFTH HEAT ST |
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Section A
ws A
Q 1 (a) For the given soil profile and flow conditions (Fig. 1), determine the total stress, pore

water pressure, and effective stress at A, B, C, and D. Does quicksand condition occur at

any point? Use g, = 9.81 kN/m? [10]
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1(b) Justify the correctness of the statements: [4x5]

i) Two 1000 cm?® samples of sandy silt underwent a test for permeability determination. Prior to
testing, sample 1 was soaked in water for saturation for only 1 hour, while sample 2 was soaked

for 24 hrs. In which of the two samples will the soil exhibit higher permeability and why?

ii) For the same effective stress, the void ratio of a soil with an OCR of 3 is less than that for the

same soil with an OCR of 8. True or False. Justify your answer.
iif) Symbols CI, CL, and CW are valid symbols for clay soil . True or false, if false, explain why.

iv) Soil mixed with water content of 25 % starts to crumble when 2 mm diameter threads are
formed. Comment on whether the plastic limit of the soil will be less or more than 25 % and

why?

Sy B waal &1 i fAga & [4x5]

i) gt Fafior & A Y e @ 1000 AHY: @ @Y THAY BT gReror fasar maTl whaor
TER, AT 1 B B 1 He B AU Aqfea B A0 ur= F g war a1, s1afs T 2 B 24 B2
& A0 fomiva mmar 4l 24 T 4 @ fea firg) 3= aRmaan weftfa st avk a9l

ii) AT 9ATEt 7919 & fAQ, 30131 3 aret fg) &1 fre aar 3qre 331X 8 areft 390
forgY & qor1 & 1 B |E a1 e | 379 STaTe o iR wifaa

ii) Sreffas 1, CL, 3 cw Rt firgh & A der wetes #1 w1 @ an 3rore, o ey & oY ot

qE I

iv) 25% 9Tt FErfara forgh 2 oY o & e @79 oR 3% Tl 31 gt oY o g of
ATRES HIHT 25% A 1 €17 41 31feres 3k
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1(c) For the following data, determine the Optimum moisture content and maximum dry unit

weight. Also determine the dry densities corresponding to the zero-air void line for the test, for

each of the water content value given. The mold volume is 9.44 x 10* m?, and G = 2.67. [10]
Water content (%) R T SRR R el T S gken
- Weight of wetsample (N) 187 193 189

FrfafEa sar & fau, sean 7 & arn 31k siftresan s sa1¢ a5 Faffa w31 Ry
TS ST AT 9 & AU, 901 @ Ay 2a-arg frarrar W & 339 30 g7 ot
Fraffya S Bies B A7 9.44 x 10-4 3R g =267 31

""'qmﬁqm'(%, e owmeerTane e e e

Q 2. (a) Consider a structure as shown in figure below. The span of AB is 4 m and it is
subjected to uniformly distributed load of 9 kN/m with fixed end at A. The span BC is 5 m long
which carries a load of 24 kN at 3 m from B and has roller supports at C. The span BD is 4 m
with a point load 10 kN acting in the middle and has fixed end at D. The cross-sections of the
members yield different moment of inertias, i.e. spans AB, BC and BD has 3, 2 and ,
respectively. Assume elastic modulus is constant. Analyze the frame using the slope-deflection
method and determine (i) kinematic indeterminacy of structure, (ii) reaction forces at A, CandD,

and (iii) draw the shear force and bend moment diagrams. [15]
9 kN/m 24 kN
A Q:\{ ! | 4B l C
AN
(3D) Sm @D 2m
o L
2m
(D =—10kN
2m
T
D
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U AT R faam &3 st fos = o feamar mar 1 o &1 w9 4 e # 3k 0w 4 W
ﬁﬁaaﬁia%mugkN/ma%mwﬁﬁaﬁawa%mﬁqtlﬁqBC5n’mﬁm%3ﬁB
3 MR BIGA UR oy kwamm%aﬂwcmmﬁﬂmmélﬁqBDwﬁa{
fSrae men d 1 |\ &1 U fig uR @ 37 3wt 319 p R FAfvaw 1 wew) @ FHART
T3 St5at ugqfe fiera & ot &9 pg go 3R gp W 3 o 3R BAa I o dife

weR ATdie &R 31 oo _fadgor fafer &1 3ugin sva wa &1 fawivor a% 3iik Saffa
B (j) T B ifest HFAREAr ) A Caﬁ?quﬁﬁmaﬂaﬂ?(m)maﬁaﬂ?

HI3 &70T A F171 [15]
9 kN/m 24 kN
A Y an L l c
N 31 21
4(11)) 3m D ZmE
2m
(I) = 10kN
2m
—
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2(b) A tie member of a truss consists of double angle sections of each 80 x 80 x 8 mm welded on
the opposite side of a 12 mm thick gusset plate as shown in figure below. Determine the length
and for the fillet weld connections to be fabricated in the workshop. The factored tensile force in

the member is 350 kN. Assume the weld of size 4 mm and steel of grade Fe 410. [10]

! w2

22.7 mm

1
twi

T B U < FaR N TP g x g « g P D QYR BYOT @S A E 30 4, et v} e
wie & faudta oo a3 e & st 3 i Ry o R o Reamar war #1 ke & Afifa
febu 5 aret fiprie des HIRMA @ Ay @aré 31k Maffa sY1 Tew ¥ oreza 7v a@
350 kN &1 3TTER 4 it 13w 31R U3 £, 44 BT T HHI (10)

(6)
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2(c) A singly reinforced slab 120 mm thick is supported by T-beam spaced 3 m centre to centre.
The effective depth and width of the web are 580 mm and 450 mm, respectively. Assume 8
reinforcement bars of Fe 500 of 16 mm diameter are provided in two layers with a clear spacing
of 25 mm between the layers. The clear cover in the beam is 40 mm and the effective span of
simply supporteq beams is 3.60 m. Determine (i) depth of the neutral axis and (ii) moment of

resistance of T-beam section. Assume the grade of concrete is M 25. (15)
TS 10 ot 1S Yoot wafera wia @) ¢ & &g a 4 Hiex B g W 2.a9 gr1 auffa
fosar mar 81 d@ Y waTdt WeRTd 3R TeTE wEan: 50 At 34RR 45 ot 1 W W 6 4
ATH B £ 500 DY g GBIV UfZAT URal & 19 o5 ot B 79 g & |1y &) wwa) & wer
B 1T ¥ 9 A T 3TERT 4 ot # 3% wRer wmffa 9 S gure srafdr 5 5o ez d1 AL
d 3T & (j) TEY 3740 B TeRTS 3R (jj) Ffarer &1 401 Faffra w3 o o 6 sbie

HTUS ) 25 Bl (15)
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Q 3 (a). A 10 kg block sits atop a larger 18 kg block, positioned on an inclined floor tilted at a
20° from the horizontal. The 10 kg mass is connected to a string, as depicted in the diagram
below. The coefficients of static friction between the blocks and the inclined floor for the 18 kg
block are 0.35 and 0.30, respectively. Calculate the force, denoted as P, needed to pull

downward to set the 18 kg block in motion. [12]

U 10 Foo 1 s 10 R U 0 i b e R 1 Afn 207 € 7 0 4t
o fRua 31 st fos R e o o & R man &, mﬁa‘a’rmwﬁzﬁﬁsmgan%l
&I 3R 3] §U B3 & da e ot & 1uTics 18 fobeil siies & AU BHRT: 035 31R 030
2l 18 fobell w1Tep & Fe &I 1Ifd & T H 3R W S AU 3maw0s a@ S o &Y, 51 p

& ¥ ¥ e2rfar mar 21 (2]
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3(b) In the preceding question Q1(a), ascertain the force necessary to initiate the movement of

the 18 Kg block when a force, denoted as 'P', is applied in an upward direction.  [8]

fros us Q 3 (37) ¥, 18 fF@ T sATe HI 11T [E HA & (AU 3HTa9S a6 &1 9d1 @M, 57d

U 9o, 3 g @ 9 o gerfar man €, 30r 1 fzm § @vmar san 81

3(c) The I-beam, which is uniform in mass, weighs 45 kg per meter of its length. Calculate the

tension in both supporting cables, AB and AC, as well as the reaction at point D. [10]

0.5m

1.0m

@) | -, F5AeT ToaHT= U HHTH &, BT 957 50 (a1s & e Hiex 45 fearum 81 =1
HeTqeh dvaeil, AB 31X AC A d=I1a Y TToTAT &3, |14 &1 fag D R ufafesar &1 +ff o= &3

0.3: m
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3(d) The spring with a modulus of k = 5 kN/m extends by 15 mm when the center of the disk,
denoted as O, is at the leftmost position x = 0. Calculate the tension, T, needed to move the
disk's center to x = 120 mm. Additionally, determine the force, N, exerted on the horizontal

slotted guide at this position. The mass of the disk is 5 kg. [10]

(@ K = 5 kN/m @ HTie5 aTeT & 15 it aas foreenfia e @ 1@ e w1352, B o & ¥
5 gfaT SiTa 8, Had ard 3R fRufA x = o W erar 1 v B BT B x= 120 A WA B
f0 31mazas a1a, T B o Y1 S ifafiea, 3 Rt F dfas wves e Ay
0 a6, N &1 (Hafor 31 330 &7 goaqm= s fsum 21

NS

(10)
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Q 4 (a) Water is flowing from a pipe nozzle and strikes a plate oriented at 45°to horizontal as
shown in following figure. Calculate the reading of pressure gauge if the force to hold the plate
in place is 80 N. Assume the flow to be incompressible and frictionless. [15]

Area = 0.05 m* s

T U 150 1571 A 98 781 2 371 45" afst I 370 U Wie A earan & s
Frofefea o o feamar mar 1 afz @ &) e 7 190 80 N 2 Y SaTd ST STaT HY
Af3 B T B AT W 6 ware sramifEe a1t oo iR 21 (15)

Area = 0.05 m? /
Y

(11)
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4(b) A viscous fluid with absolute viscosity of 0.065 Ns/m? and density 800 kg/m?® is flowing at a
rate of 0.008 m*s through a tube of diameter 10 cm. [12+13]
(i) Find the pressure gradient (pressure drop per 1 meter of tube length) assuming no boundary
effect (or velocity being parallel to tube axis).
(ii) If the tube is 1 km long, find the power rating of pump required. Assume the efficiency of

pump to be 68%.

0.065 Ns/m? @1 Ut 24141 3R g kg/m? BT aTT U fRafaar 5@ 4 oy, 39 @t U

S S HATAT A () 08 my/s DT &3 A T8 6T 2

() T et FHImT S1Ta (@1 e 3741 B WHIIGR A BY A §U SATE TAUTAT (@99 B ward

& ufd 1 Hex gaTa 310 &1 9d1 7y

(i) Tfe = 1 febrt o1t 3, QY 31T 9T Y uraR T 3T HY| W1 & 6 g B 2ardT 68% 2

Section B
wsqd

Q 5 (a) What are the critical positions of loading on a rigid pavement as per Westergaard's

analysis? Explain the two major stresses acting on a rigid pavement. [8]

m%mm%y@quqgmqmmﬁWWWﬁqamum
1T a7l €Y W qTa) bl HTAT B3

5(b) Explain the functions of longitudinal and transverse joints in a rigid pavement.  [6]

3¢ |ty 3 3 ed 3R 319y S1E) B H1uf B aarsr By

5(c) Explain the three types of pavement distress resulting from repeated (cyclic) application of

traffic loads. Define the resilience modulus of soil with the help of a diagram. [8]

TTATTd ¥R & TR-aR (Tsh1d) 30T A 3799 Beqry fFufy @ fi7 wer) &Y s 33
fora &1 wergan A ) & @9 ATgie &) afvarfa w¥

5(d) List the four major categories of railway signals. Explain through a schematic diagram the

different types of location signal that a train will pass through while approaching a station. [8]

T4 Al B IRy AfOTat B et a0 U ATy 3R @ mreqm A 39 fafiy
UHR B ¥ Hasdl B AUy 57 27 foswft =2 & 39R% 38 o i)

(12)



o ~ Pprepp

Your Personal Exams Guide

5(e) The average normal flow of traffic on crossroads 1 and 2 during design period are 500 and
300 PCU per hour, the saturation flow values on these roads are estimated as 1200 and 1000
PCU per hour, respectively. The all-red time required for pedestrian crossing is 12 sec. Design

two phase traffic signal by Webster's method. [10]

fRTs 31af®r & 2k ok 1 37k 2 W araTaTA @ 3117 A9 waTE s00 3R 300 YIHY
ufd &er &, 57 W5P! R wqfa ware o SH: 1200 31K 1000 9Ty ufd wer srpafa #)
dee art wifdT @ fAy TaTSD QU 7Y 12 Aebs #1 davex fafts grr <Y wwor aren e
Had s i

Q 6 (a) The census data of a town is given in the table. A rectangular sedimentation tank
(L:B:H=12:3:1) should be constructed for treatment of water aiming for 2051, considering annual
average water demand of 135 Ipcd and peak hourly demand is 1.5 times of average annual

water demand (ignore losses). (i) What should be the daily water demand (l/day), and (ii) size

of the tank, if the designed hydraulic retention time is 60 min? Assume the population of the city

increases following the arithmetic increase method]. [15]
Year 1981 | 1991 | 2001 | 2011
Population 45000 60500 72000 85000

ﬁm’?amaﬁmakmmmﬁﬁvwfl a9 2051 B AT B WY U D ITAR B
fI0 0% 3maareR sraweT ¢ (et ug-123a) &1 fAmfor fasar s arfey, Grad aifds
mmamlssmmmaﬁﬁmmmmﬁmmw
THT & (T6ATH W e 7 ) (i) Y &b ATt B 7T (wfteR/ R, 37 i 2% BT 3R @
mm?uﬁﬁmﬁmmmuﬁmmeo fie &1 o= & 6 srenfordg

mqaﬁﬁmamﬁmﬁmmél [15]
Ty 1981 1991 2001 2011
SHEEET 45000 60500 72000 85000
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6(b) To measure the MPL/100 mL, three parallel experiments with four different sample sized
(1,0.1,0.01, 0.001) were carried out to find out the Fecal coliform content. First two samples do
not have any negative result, where third tube has two and forth tube has one positive results.

Find out the Fecal coliform content in the wastewater sample using Thomas method. [10]

UHUIUF/100 UAUH &A1Y & fAU, TR HEAT- T T93) & 37161 (1, 04, 0.01, 0.001) &
maﬁmﬁwﬂﬁaﬁﬁmaﬁaﬁﬁﬁﬁmmmﬁ%ﬁmﬁmmlwﬁaﬁﬁ
Y ®IE THRTeTS IR T8 8, 51afe dad 7ei F &) 31k ghht 361t & ves gerrerss afomy
&1 4T fafer &1 39anT F5va 39 5o & T ¥ Savet BB Y 7T BT TaT ATl

[10]

6(c) A single stage trickling filter packed with rock-media can treat a flow of 1800 m*/d. The
influent BOD in the treatment plant is 500 mg/l, where the primary clarifier removes 30% of
BOD. The diameter of the filter is 6 m and depth is 5 m. The capacity of re-circulation pump is
600 m*/d and it runs with its full capacity. Calculate the effluent BOD and the overall efficiency of
the trickling filter. [given, F=(1+R)/(1+0.1R)?] [15]

ﬁa—ﬂﬁmaﬂmmﬁhﬁmﬁaﬁhﬁﬁnaoo ms/d & YdTE &1 3TTR o Tl &l
3UAR {9 H 3 B HR 7619 1 A3 s00 freftummy/mites &, 5ot wrafires faxgas so0%
1311 1 52T 3T 1 ftheer 1 AT 6 e 37R TeRTE 5 Wex ¥ A-wISeiTT 9T B amEt 600
ms/d & 3R T 3791 QRY 4T A Torar #1 gER B 39 WaTE BT A3 3R Rafer Reeex

Y THY Z&faT DY MOTHT B [fear mar #, F=(14R)/(1+0.1R):] [15]

(14)
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Q 7 A 6-h unit hydrograph of a basin is triangular in shape and has a peak of 60 m¥/s. The peak
discharge occurs at 18 hours from the start, and the base length of the unit hydrograph is 54

hours.

(a) What is the area of the catchment represented by the unit hydrograph? [10]

(b) Calculate the flood hydrograph generated due to an effective rainfall of 2.5 cm in the first 6-
hour period and 3.5 cm in the next 6-hour interval. The base flow can be assumed to be 15 m¥/s

constant throughout. [15]

(c) Assume that due to urbanization, the ¢- index of the basin has decreased from 0.25 cm/h to
0.1 cm/h. Moreover, the 6-h unit hydrograph now has a peak discharge of 100 m¥/s at 12 hours
from the start. The base length of the unit hydrograph has been shortened to 48 hours. If there
is a storm of 4 cm in the first 6-hour period and 5 cm in the next 6-hour interval, estimate the

percentage increase in the peak storm runoff due to urbanization. [15]

U STCTIE BT .U BT e eTs3IUTe oy 3R & ¢ 31k suat R g s B
Hated Frde ary 1 52 W= #ram & 37 gfire wTeiuTs Y 3naR mard 5, w2 B

(3) I ETS3UTSH GRT S1faT maT STeTue &1 &7 @t &,

(@) TEA g T B At & 5 Art 317 3TN g ¥R @ IR N 5 5 AW Py awi B
BRUT 3T q1E FTSFUTE bl TUTAT HY| ¥ HTER WATE DY 15 73/ [T HHT 37 Febell &1
(H)maﬁﬁvﬁsmﬁm%mmaﬂw_aﬁmo'%ﬁﬁ/ﬂﬁﬁmm

[t /e @ war ¥l $HS rerar 6-9¢ & G2 FTS3IUTE H 319 [@HTTH 12 T F 100 mys
&1 Hated Frde 81 gfiie s133uTes Y 3Nam oTaTé ueas 4 B2 8 T ) af2 uee w2 Y
3rater 5 4 A 3R 30T 6 U B 3R N 5 A B Wl et B A 2w B BROT
HateT 379aTe ¥ wfarra gafer &1 3mEE ol

(15)



Q 8 (a) After how many days will you supply water to the soil in order to ensure sufficient
irrigation of the given crop if the field capacity of the soil is 28%, the permanent wilting point is
13%, the dry density of the soil is 1.3 gm/cm?, the effective depth of root zone is 70 cm and daily

consumptive use of water for the given crop is 12 mm. Assume any other data if required. [10]
A ¢ Baw & gate AT gfftad &3 & fAy 3179 feaa RA S e mgt ot &
T B afE firgh Y Wies & 28%, FTd R &1 fag 13%, g 1 [ g7 13
uTH/ A, 5718 O B YT MeRTE 70 A 31R & ¥ HHA & AU a1 S 3N 12
fordt 21 afE 31mags 81 A1 BIF 3= ST HH A

8(b) Assume the tr'ansplantation of a crop takes 16 days, and the total depth of water required by
the crop is 60 cm on the field. During the transplantation period of 16 days, if rain starts falling,
and about 10 cm of rain is utilized to fulfill the crop water demand. Find the duty of irrigation
water required for crop during the transplanting period. (i) Assuming 25% losses of water in the
watercourses, find the duty of water at the head of the watercourse. (ii) Find the duty of water at
the head of the distributary, assuming 15% losses from the distributary head to the watercourse
head. \ [10]

A= Y fb U e &1 Auré ¥ 16 &7 @1 & 37k BHe B ar B e HTETD 60
A 1 16 F&Y Y aTE 37afar B =, g arfer 87 avet @ 39k @ 10 A TR BT
UGN G Y G b 7Tl Y G B3 o fAy foman sirar #1 Aurd srafa S ek vaw &
AU 3Tags fEaTé 7o 1 59 F1a HIFY! ) TAaRIAT T 9= HY 25% &1 71 §0,
STAERT & Y W Tt B 572 Fra S0 Gi) faazor 2 A sTeremn & 0 7 15% w1
AT 80, faaror & it or ur=t A 3gEY ot ST HfE0)

8(c) A trapezoidal channel with side slopes 1.5H:1V is required to carry 15 m?/s of flow with a bed

slope of 1 in 4000. If the channel is lined, Manning'’s coefficient (n) will be 0.014, and it will be
0.028 if the channel is unlined. Calculate the average boundary shear stress if a hydraulically

and economically efficient lined channel is adopted. [20]

1.5H:1V UTRd ST 9Tl U THATETSBIR A9 DY 4000 H 1 D T o1 @ TTY 15 mo/s HaATE A
ST $) TaRgHal erdt 81 e wrs=s I 8, @Y 35 &1 1onS (n) 0.014 E1IT 3R T[UTIH
0.028 BT afE T 31TeTe # | 3itea ST SHav= a=7d Y o1 HX gfe F183iTmed 3R

1 F9 A HIA 3= I 3TYATIT AT 2l

(16)
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