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INSTRUCTIONS 

Each question is printed both in Hindi and in English. 

Answers must be written in the medium specified in the Admission 
Certificate issued to you, which must be stated clearly on the cover 
of the answer-book in the space provided for the purpose. No 
marks will be given for the answers written in a medium other 
than that specified in the Admission Certificate. 

Candidates should attempt Question Nos. I and 5, which are 
compulsory, and any three of the remaining questions selecting 
at least one question from each Section. 

The number of marks carried by each question is indicated at the 
end of the question. 

Notations/ terms used have their usual meanings, unless 
otherwise indicated. 

If any data is considered insufficient, assume suitable value 
and indicate the same clearly. 

Newton may be converted to kg using the equality 1 kilonewton 
11 kN) = 100 kg, if found necessary. 

A graph sheet is attached to this question paper for use by 
candidates. This should be carefully detached from the question 
paper and securely attached to the answer-book. 

Important Note : Whenever a question is being attempted, all its 
parts/sub-parts must be attempted contiguously. This means that 
before moving on to the next question to be attempted, candidates 
must finish attempting all parts/ sub-parts of the previous question 
attempted. This is to be strictly followed. 

Pages left blank in the answer-book are to be clearly struck out in 
ink. Any answers that follow pages left blank may not be given 
credit. 
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Section—A 

1. (a) Compare the moments of resistance for 
a given maximum bending stress of a 
beam of square section placed (1) with 

two sides vertical and (ii) with a diagonal 
vertical. The bending in each case is 
parallel to vertical plane. 

(b) Three bodies A, B and C of masses 50 kg, 
30 kg and 20 kg respectively are under 
a force of 5 kN as shown. Calculate the 
force transferred between A and B, 

B and C. Assume all are frictionless 

surfaces. 

5 kN 
A 

B 

(c)  A two-hinged parabolic arch of span 
50 m and rise 5 m is under no external 
load 	If 	the left 	support 	yields 

horizontally by 0.5 mm (outward) and 

the 	temperature 	rises 	by 	10 °C, 

calculate 	the 	horizontal 	thrust 

developed 	and 	draw 	the 	bending 

moment 	diagram 	assuming 	secant 

variation. Take El = 1 x 1012 	kN-mm 2 , 

a = 10 X10-7/°C. 	 12 

(d) A pipeline carrying oil of specific gravity 
0.8 changes in diameter from 300 mm 
at position A to 500 mm diameter at 
position B, which is 5 m at a higher 

level. If the pressure at A is 1962 N/cm 2  

and at B is 14-91 N/cm2 , and the dis-

charge is 0.2 m3  /s, determine the loss 
of head and the direction of the flow. 	12 

12 

12 
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12 

1. 	() 
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(7) 
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(e) An expression for the velocity 
distribution in the boundary layer flow 
on a flat plate is given as 

=a+bri-f-cti2  

where n = -Y  and a, b and c are 

constants. u and U are velocities at y 
and ö respectively. y is the distance 

measured normal to the plate and S is 

boundary layer thickness. Value of u = U 
when y = S. Sketch the boundary layer 

thickness growth along the flat plate 

and velocity distribution in the 

boundary layer. Find the ratio of 

boundary layer thickness to dis- 
placement thickness. 	 12 

2. (a) Analyse the continuous beam as shown 
by moment distribution method. Draw 
the bending moment diagram. Assume 
El = constant. 	 15 

20 kN 0 kN 

	

3 	 3 kN/m 3  

	

1.(2 m* 	
3 m 

)I( 
4 m 	m

)i 

(b) A cantilever beam of cross-section 

50 mm x 100 mm is subjected to a 

compressive force parallel to the 

longitudinal axis of the beam at the 

free end. The point of application of the 
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load is at 10 mm above the bottom 

surface on the vertical centroidal axis. 

The span of the beam is 4 m. Calculate 

the maximum stresses in the beam. 	15 

(c) Water is flowing at a critical depth of 

flow = 1.4 m in a channel shown in the 

figure below. Estimate the discharge 

and specific energy in the channel. 	15 

T 5 

14m 	 1 

IF 2 4 m 

Triangular channel 

(d) The difference in water surface levels in 

two tanks is 15 m and distance between 

them is 600 m. Two pipes of diameters 

30 cm and 20 cm, and each having 

equal length, are connected to these 

tanks. Find the discharge through the 

pipes when they are connected 

appropriately in (i) series and 	parallel. 

The coefficient of friction = 0.04 for each 

- fLV 2 
pipe. Use h r 	. Find the ratio of 

' 	2 gd 

discharges when the pipes are in 

parallel to when the pipes are in series. 	15 
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20 kN t  

4 m 

K 
 2 m 

> 

6m 

3. (a) Determine the plastic moment capacity 
of the frame as shown. Assume 
El = constant. 	 15 

50 kN 

K- 4 m ->1 

(b) Draw the bending moment and shear 

force diagram of the beam as shown. 

El = constant. 	 15 

E 

k 
1 m 

3 m 

    

4m 

  

F 

k 	1 m>I 
3 m ->1 

      

(c) Derive Euler's equation of motion along 

a streamline for an ideal fluid flow 

stating clearly the assumptions. Explain 

how this is integrated to get Bernoulli's 

equation along a streamline. How is this 
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6m 
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equation modified while applying 

in practice? Draw a relevant sketch 
pertaining to Bernoulli's equation 

components for flow in an upward 

inclined converging pipe. 	 15 

(d) An inward reaction turbine has an 

external diameter 12 m and breadth 

0.3 m. If the velocity of flow at inlet is 

3 m/s, find the mass of the water 

passing through the turbine per second. 

Assume 15 percent of the area of flow is 

blocked by blade thickness. If the speed 

of the runner is 240 r.p.m. and guide 

blade angle at inlet is 15° to the wheel 
tangent, draw inlet velocity triangle and 

find- 

(i) the runner vane angle at inlet; 

(ii) the velocity of the wheel at inlet; 

(iii) the absolute velocity of water 
leaving the guide blade;  

(iu) the relative velocity of water 
entering the runner vane. 	 15 
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4. (a) Calculate the maximum load P that 
can be applied on the frame as shown. 
Yield stress = 320 MPa and E = 210 GPa. 15 

P 

C 40 mm  
I  

  

50 mm 60 mm 

  

  

50 mm 

C/S of the members 

(b) Draw the influence line diagram for 

forces in the members ©, 02 and 	of 
the truss as shown assuming loads are 
moving on the bottom chord. 	 15 

C) 

o 

49  
-t-
2 a 

k 	 

 

6 (ii1;  2 m - 12 m 
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15 

0 
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(c) A jet of water of diameter 100 mm 

strikes a curved vane at its centre with a 

velocity of 15 m/s. The curved vane is 
moving with a velocity of 7 m/s in the 

direction of the jet. The jet is deflected 

through an angle of 160°. Assuming the 

vane is smooth, find— 

(1) the force exerted on the vane in the 
direction of the jet; 

(ii) the power of the jet; 

(iii) the efficiency. 

A series of vanes are attached to a 

rotating wheel such that jet always 

strikes the vane. Find (i), (ii) and (iii) of 

the above case for this situation also. 	15 

(d) A liquid of specific gravity 1.6 is flowing 

upwards at the rate of 0.1 m 3  s 

through a vertical venturi meter with an 

inlet diameter of 0.3 m and throat 
diameter of 0.15 m. The coefficient of 

discharge is 0.98. The vertical distance 

between the pressure tappings is 0.5 m. 

(i) Find the difference in readings of 
the two pressure gauges, which are 
connected to the two pressure 
tappings. 

(ii) Find the difference in levels of 
mercury columns of the differential 
manometer connected to the 
tappings in place of pressure 

gauges. 

(iii) Sketch the arrangement showing 
the details. 	 15 
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Section—B 

5. (a) A reinforced concrete rectangular 

section of size 300 mm x 600 mm 

(effective depth) is reinforced with three 

bars of 20 mm dia. Determine the safe 

uniformly distributed working load that 

the beam can carry over a simply 

supported effective span of 5 m. Do not 

ignore self-weight of the beam. Concrete 

used is M 20 grade and steel used is 

Fe 415. Use limit state method. 	12 

(b) A short reinforced concrete column of 

size 300 mm x 300 mm is reinforced 

with four HYSD bars of Fe 415 having 

20 mm dia. Concrete used is M 20. 

Determine the safe working load that 

the column can carry. If the load is 

doubled and steel amount is kept the 

same, find the required section of 

square column. Use limit state method. 12 

(c) Which law controls the wet analysis? 

Give assumptions and limitations of 

the law. 	 12 

(d) What is quicksand phenomenon? How 
does it happen and how is it remedied? 	12 

(e) What is earth pressure at rest? Explain 

it considering active and passive 
pressure. 	 12 
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1E-12 m-) 

230 mm 

Detail A 

Width of flight - 1.5 m 

12 m 

8 (41,250 mm I 
(Tread) I 

Rise = 150 mmj 

230 mm 

6. (a) The following figure shows the flight of 

staircase of a hospital building which is 

simply supported on two walls at two 

ends. Assume suitable live load, finish 

load and other dead loads : 

For the given data— 

(1) find at which section, the maximum 

moment will occur; 

(ii) find the total steel and give total 

number of bars of particular dia to 

be provided in the flight; 

(iii) find the nominal shear stress at 

critical section; 

(iv) show the detailing of reinforcement 

at A without any curtailment of 

main longitudinal bars. 

No need to apply deflection check. 

Use limit state method. 	 15 
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k— 5 5 m 

fi 

5m 

ni 

11 

)1( 4m -3(  

(b) The following figure shows the plan of 
slab of a framed building. It consists 
of several panels with different edge 
conditions : 

Assume 
DL on slabs = 6 kN/m2  
IL on slabs = 3 kN/m2  

1.C-- 5 5 m 	4 m 

The positive and negative short-span 
and long-span factored moments are 
given in the table for three panels : 

Slab 

Short-span moments in 
kN-m per m width 

Long-span moments in 
kN-m per m width 

(+)ve 
moment 

(-)ye 
moment 

(+)ve 
moment 

(-)ve 
moment 

Si  13.5 17.9 11.8 15-86 

S2  10-8 14.5 9.46 12-5 

S3  7.34 9.72 5.18 6.91 

From the given moments, work out 
positive and negative bending moment 
coefficients, and indicate for which edge 
condition and for which long-span to 
short-span ratio, they are applicable. 	15 
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-K 

150 mm 

60 mm 
El- 

90 mm 

(c) The dry unit weight yd  of a soil having 

15% moisture content is 18.5 kN/m3. 
Find the bulk unit weight y, saturated 
unit weight v sat and submerged unit 
weight y'. Assume G = 2.7. 	 15 

(d) What are the shear strength parameters? 
How are they determined? The following 
data are obtained from a series of 

drained shear box tests on 36 cm 2  
sample of silty clay. Plot the graph for 
effective shear strength parameters. 
Give the value of attraction (Janbu) : 	15 

Normal stress (kN/m2) : 20 40 60 

Maximum shear stress (kN/m2 ) : 19.5 28.6 38.0 

7. (a) A prestressed concrete beam section is 
250 mm wide and 300 mm deep. The 
initial prestress force is 450 kN at an 
eccentricity of 60 mm as shown below. 
The beam has a span of 5.75 m and has 
to carry an imposed load of 7.5 kN/m. 
Analyse the beam section for the 
stresses produced at mid-span before 
and after the application of imposed 
load. Allow a loss of prestress of 15%. 
Assume unit weight of concrete as 
24 kN/m 3. 	 15 

300 mm 

je 250 mm —.>1 
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Erftvth -{4 141-4146cr 3Tt-*t vni f-+-7 TrOI WITE421 

44-1(7:\9 r ki1424 5rrath 	fdti, 7)14) dlfag1 afloniur 

TT RR (44 IV, (Janbu). 	 15 

aT8T-4,4uf-  (kN/m2 ) 	 20 40 60 

3TRT-4-41:1 -34i.-14T 	(kN/m 2 ) 	19 5 28 6 38.0 

7. (T) 11,41 E0-1(r4,4 dTTTcT? WRY 250 mm 

4q( 341fT 300 mm Awl ti 60 mm 

acS,-;,.(if 9t 37f1TT ELT4-SW-TT497 c(c4 450 kN 

M'r ter t, iar Fon fax F4TTIPLIT ETM %I UT4 42( 

ard 5.75 m R2TT TETT) 7.5 kN/m 

3-1[1[Ficr tut ,,(4 ttaf ti aTRIFT-d wr ciii4*176 

2.1-[ ale uar-fad ER ic-tg 	 4T4 

tif4 	 fGwc,)qur *11-411:0-7F--d*t 

4 15% th 	timth ti -ity. TT ROT %TR 

24 kN/m3  ITR 	 

(-250 mm—>1 

15 

300 mm 

El- 	

150 mm 

—
60 mm 

E 
90 mm 
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(b) The figure shown below gives the cross-

section of a cantilever retaining wall 

which is retaining 6 m of earthfill 

having a unit weight of 16 kN/m 3. The 
coefficient of active earth pressure is 

0.33. The resultant of all the forces lies 

in the middle-third of the base. The wall 

is safe against sliding and overturning. 

The eccentricity is given as 0.47 m : 

035m 

Find the base pressures and design the 

heel slab for the maximum moment only 

by limit state method. Find the design 

shear at critical section. Use M 20 

concrete and Fe 415 steel. Safe bearing 

capacity of soil is 180 kN/m 2 . 	15 
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(IN) 41,t -kc   srkturT tag w 
YR 	1;#vii imt 	6 mf1tura air  
SAITT0IT T-Ct t 	.7*-4 117 16 kN/m3  

*1 TirWzi 	1Tifk 033 *1 Tilt 

'T7 11>#t air-TA 	Atzr-ViRriw A :9-m k6dr ti 
t-47 04uf 	341:1-444 * 141C-I Wfard t1 a 	 

047 mt 1 t*: 

035 m 

3AAA 	1Idtr-A-R MIT T41 s9(14 

arrA fir H 414A fail  A 3/4-4 aTrum--dA 
37p:0 foR trftRI wifff AltQ-q ITT 3TriTTF:1 

317€11tr1 fic-f *91771 M 20 -trE MB Fe 415 
TfilTd *-1 SIThrT Th°tNCI 	trW VITuT Wcal 

180 kN/m2  tl 
	

15 
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(c) In laboratory test on a clay sample 

of thickness 25 mm drained at top 

only, 50% consolidation occurred in 

11 minutes. Find the time required for 

the corresponding clay layer in field, 

2 m thick and drained at top only, to 

undergo 70% consolidation. Assume 

7;50  = 0.197 and 71,70  = 0.405. 	 15 

(d) Using Terzaghi's theory, determine the 

ultimate bearing capacity of a strip 

footing 1.5 m wide resting on a 

saturated clay (Cu  =20 kN/m 2 , On  =0 

and y sat  =20 kN/m 3) at a depth of 2 m 

below the ground level. The water table 

is also at a depth of 2 m from the 

ground level. If the water table rises by 

1 m, calculate the percentage reduction 

in the ultimate bearing capacity. 	15 

8. (a) A tension member 0.9 m long has 

to resist a service dead load of 20 kN 

and service live load of 60 kN. Design 

a rectangular flat bar of standard 

structural steel of grade Fe 410. 
Assume that the member is connected 

by one line of 16 mm diameter bolts of 

grade 4.6. Use limit state method. 

Given : Partial safety factor for material, 

y mo  = 1.1 and = 1.25. Partial 

safety factor for dead load and live 

load, y f  = 1.5. 
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(Tr) 25 mm ulzTIrdi 	 -a9 .34k 14 

37-4Tro 	%, w-i1Jmior iTtikTut 4 11 fir4a 

50% '4k4-1-1 6)(11 *1 31# r * Ict; i1 2 in TM 

211 3V4k 	314liftd %, p4-dtzr tivoT 	70% 
(44.i 	i * fit Tyr 	 311cW11 ilnr? 	 

*tft-R 71,50  = 0- 197 W4T Th70  = (mos ti 	15 

(1) ZIT:A-Pt Thita 1T sp-41R Ttt KR Ron Lrgi 

qg 	tikLi tin P44-d-T 	*rN-R, 

1.5 m tits') HW1li-fdk 14 2 m 	 

TiT1 gCT (Ca  =20 kN/m 2  , 	=0 MIT 

y„, =20 kN/m3) LIL 	t •31 

2 m did tl safezn-1-k-cR 1 m 	34{ 

d 	t,TTa tio-r vrtur WA-d-r i1 AI Id14-11  

IN141 -ttf77 I 
	

15 

8. (T) 3174q, 31 0- 9 m c.4,41 %, *4 20 kN 

1 	cif 	4R MIT 60 kN 	tlar tic-f 4R *I 

SII*14tI 1L-IT t 1€4 RdR Trn-  fiLd 	lrKTcrrff 

Fe 410 *-1ft 	3-117171*Ti Hv1e1 y5 *T 

*11-4R1 IrR 	ren z17 siclq4 

16 mm wig * *tft 4.6 -711-a *21 Ara-1 41 

Rohl-43n 	=Fri ti dimfafiT 	sithR 

4t1-4R1 rear t 	tart 	fc.-R; 	174IT 

7.1* ymo  = 1- 1 9-11 y mi  = 1- 25 t I Tic4 7941 

31q" 'ITR* R-iR 3lifyrl ww uRr-  y f  = 1.5 t 
15 
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120 mm long weld 

ISMS 400 

120 mm long weld 

120 mm 

(b) A joist cutting is used as bracket to 

support a factored load of 200 kN. It is 

welded to column flange as shown in 

the figure given below. Find the size 

of fillet weld. Grade of steel is Fe 410. 

Use partial safety factor for shop weld, 

Ymw = 125. While calculating the 

moment of inertia, ignore the moment of 

inertia of the flange weld about its own 

axis. Use limit state method. 	 15 

1<—)4 

I 

1320 

 mrn 

400 mm 

View of weld from XX 

ISHB 450 
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t*a yEr 4 Trzi 	 

t, 	200 kN ffiltre4a.  uis 	.164 Tcdi t 

TEr-th-  41,4 1-447 	ftr *'t cik ken Diu t 

c.4 -s4 	 ti 	-z4-cg-at 4 	is 
mptN71 wrr4 	Fe 410 t I chpludr 	 

ig7 aitrUT lJka31 	y „iw  =1.25 c71 

sir 

 

(.1H4 "[Rk 
ai94 3W 	kil4kT ,31574-3TTEL01 -Mug -1111f4g I Fft14T 

W2-r fafiT at srz44 tr7q1 15 

   

   

ISHB 450 

 

   

   

   

120 mm 

I I 30 mm  

fi 

400 mm 

xx FT acs aW7F211  
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(c) What is standard penetration test? 

What corrections are applied for the 

test? Name the other penetration tests 

giving the positive features of the tests. 	15 

(d) What type of foundations be provided 

for successful performance of 

constructed low-rise structure on 

expansive soil? 	 15 
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(T) HI-Ich afraTR.  TitaTuT *TT 6(11 	TEE TitkiTri T 

	 414-14 tiY1t17 sr* fm7  	3TRT 

3i-darq trthita TT at@ TrA7 	3-d3/4 t7F-TfT 

FATTII f-g% I 	 15 

(.E0 5R1TfT 4.<1 ITT tP-hel obi4kit1 	aycit 	1-T-4-41 

fir um-R 41 did i a 	fey ? 	 15 

* * * 
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F—DTN—M—DJWA 

"ftli3/4R * 	 

374-1:M-1 

Tft 300 

 

ITR1-  9r 	 fr`i• 	4-17 4 OW ti 

Ax 1 * drR a-A ALTA 4 	or4 APR, frfrwr *ftr.  aft** v-A-r-cry 
a7T7 TIT ft, 37/7 SA 137.717 a57 t-qg 3#71/ id(-7?W yg-7 airTU 

Pra RIR rit faze on-u Alm 3747T-rff 17 a TiTUR arre(Th.  

• aftft Tr7 7 	ftft an< vr.  ml¢ 3iW of ftr-Rft I 

wft tit 	it 1 377 5 37P4q74 fl alt 	a 51777 4 4 v-s).--* rftri 	*rr-4-F-DI 
(7W 5177 14M7 avff WM grqf 	drit tr7q I 

AR AT4 R.Nr4dir I 3* T(F94 ' ,37717g1 

Ft-17/IsCicte1137-4P0vi 3rat7 4 Tizi 	3Ri2ii nfa 

	

• 

	\VW 3197111 17-d1U 	ead rrR ecHt P-TTPld Th7 W-47 ft* 
3-4m1 PffE ctr-4fti 

• 377-471W A di I Rbc-i)-vg (1 100 = 100 rici)9141 (100 kg) 

37E77 vc .1e4 firautft 4 vita% a771 a7 Flmn7 g I 

3T117* We)1:11R rft 30-1-17 	Aft ft* !JP 	Tiffil 	MR& 
areft my* 3774 drit-yOW 4 4-4-(ft) fteATT Mrif-47/ 

Tint( fftz : Tre ftv -Arft* 	wft.  sft 	et 5ft rft *7 ant ft t* f, u 34 
3777 4Ift miff/aft-AA * dr/( fmr-Frtu l Frm-r aftf ft-g 	3774 
Aft *7 an< -Fr4 * 	 awl area 4 v4 Pr-s4 AT-J 41ft s7rA/37-Aft1 
* dn< 4raw e \mg./ Fr and a7 	Ff A-IFFur *ftr-qqr 

arreg-Fr-* > f Frr-4t 	r 	*) FAA 4 Fre 3W 4 ishre 
OFFiT* VT&I r drti k 3iW Th7 0114, ()ewe 	 

Note : English version of the Instructions is printed 
on the front cover of this question paper. 
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