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CIVIL ENGINEERING 
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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. 1 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 nt the 
end of the question. 
Notations/terms used have their usual meanings, unless 
othenuise 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 
{ 1 leN) ｾ＠ 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 (i) with 

two sides vertical and (ii) with a diagonal 

vertical. The bending m each case 1s 

parallel to vertical plane. 12 

(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. 

(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 EI = 1 x 1012 kN-mm 2 , 

12 

a= 10 x 10-7 f"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 19·62 N I em 2 

and at B is 14·91 Nlcm 2 , and the dis-

charge is 0·2 m 3 1 s, determine the loss 
of head and the direction of the flow. 12 
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1. C'") 1('!i ｾ＠ ｾ＠ <lit 11B if;, R11. 'llJ. ､Ｇｾ＠

ｾ＠ ｾ＠ if; fuv., llii'ri\u • <lit wr.n 
ｾＭ

{i) ＢｾＧＡ＠ lTG <lit <it '["'T't ｾｭ＠ -.it; 
(ii) ＢｾＧＡ＠ lTG '8 fu<f;u\ ｾ＠ ti\ I 

J«itq; <:m ii ｾ＠ 3>'-"'lm lJl1(!"('! if; BlffiR itcn ｾ＠ 1 12 

(19) <If.! fu A, B (!'lfl C, ｾ＠ ｾ＠ Sfilrn• 

50 kg, 30 kg <r>n 20 kg %, 5 kN ｩｦ［Ｇｾ＼Ｇｾ＠ if; 

]l'IT'I ii %, ｾ＠ fu3f'IT 'l'!T ｾ＠ I A <!><! B 3ft>: B 

(!'lfl C if; '!U! ｾ＠ '!<'! qi] lfl(! ｾｉ＠ ｾ＠

llR ｾ＠ ｾ＠ B'ft ',l1J >1<foRf%<1 ｾｉ＠ 12 

ＧｾＧＧＧＧＧＧＧ＠
( '1) 1('!i <it ｾ＠ ｾ＠ qeF?I fil '!> 5R <lit fuB:rffi 50 m 

(!'lfl 3i'><R 5 m ｾ＠ <r>n em cr: ｾ＠ omJ '111: 'f(ff ｾ＠ I 

-,@; onm :,mm 0·5 mm (om:>: <lit m>) ｾ＠

Kw ii 'RT'I1'R 'IT<IT ｾ＠ (!'lfl (IJ1l I 0 "C ｾ＠

omn ｾＧ＠ i1'! ｾ＠ ｾ＠ ｾ＠ <lit 'l1Jf.lT ｾ＠

(!'lfl ｾ＠ ｾ＠ <lit ｾ＠ '-fic\ ｾ＠ ｾ＠
ｾ＠ 31it19 ｾｉ＠ EI =I x 1012 kN-mm 2 , 

｡］ｉｏｸｩＰＭ Ｗ ＯＢｃｾｉ＠ 12 

( '! ) 1('!i q I $q <11 $'1 , ;;i\ 0 · 8 ｾＱ｜ＱＧＡ＾＠ "ERi'<1 if; iFf qi) 

ｾ＠ 'lTcft t '8 ｾ＠ A cr: 01ffil 300 mm ｾ＠

3ft>: "i'!O ｾ＠ B cr: 500 mm 011rn ii ｾ＠ omn ｾ＠

;;i\ 5 m if; ｾ＠ «R Tfl: ｾ＠ I -..@; A Tfl: <;1"'1 

19·62 Njcm 2 <!><! Bcr: 14·91 Njcm 2 ｾ＠

f.R:muT 0 · 2 m 3 
/ s t \1'! "$!-orR (!'lfl ｾ＠ <lit 

Kw lfl(! ｾｉ＠ 12 
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(e) An expression for the 
distribution in the boundary 
on a flat plate is given as 

u b 2 
Ｍｾ｡Ｋ＠ 11 + c11 u 

velocity 
layer flow 

where 11 ｾ＠ t· and a, b and c are 

constants. u and U are velocities at y 
and ii respectively. y is the distance 
measured normal to the plate and ii is 
boundary layer thickness. Value of u ｾ＠ U 
when y ｾ＠ ii. Sketch the boundary layer 
thickness growth along the flat plate 
and velocity 
boundary layer. 
boundary layer 

distribution 
Find the 
thickness 

placement thickness. 

in the 
ratio of 
to dis-

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

12 

EI ｾ＠ constant. 15 

20 kN 

l t 
2m 3m 4m 2m 

(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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( s) 1Z'f. B'!lG ｾ＠ '11: mllio %! ｾ＠ i\ iPl ｾ＠ "' 
fu1!, ｾ＠ ｾ＠ )['liT( t 

11. =a+ bl') + cl')
2 

u 

ｾ＠ '1 = !i, om a, b JfR c Wffi'li ｾｾ＠ u om u 
15 

5f.11!1T • y om 15 <n: iPl ＼ｭｾ＾＠ ｾ＠ ｾ＠ 1 y ｾ＠ il; 
ｾ＠ 'll'ft ｾ＠ ｾ＠ hm 15 mllin %! ｾ＠ t 1 'JfOl 

y = 6 ir, ifil u = u ired 1 B'lR ｾ＠ of.l fum i\ 
mllio %! ｾ＠ i\ if.& om mllio %! i\ iPl 
ｾ＠ 'fit Rffif ｾｉ＠ mlJio %! ｾ＠ q;r 

ｦｵ］ｾｂｾｬＡｒＡｾｉ＠ 12 

2. (<Fi) =I?! ｾ＠ fuft< l(TU tl(ffi W'! q;r' ｾ＠ fuiD'l1 'T'IT 

t' RPA'-''1 ｾｉ＠ ｾ＠ fu1!, ojq;;j =I?! 31it& 
ｾｉ＠ EJ = Wffi'li l!R ｾｉ＠ 15 

20 kN 20 kN 

t ｾｭｴ＠
IE >IE * * >I 2m 3m 4m 2m 

(&) 1Z'f. lffi! W'! '11:, c;i\ 50 mm x I 00 mm 

ｾ＠ 'l>R q;r t, :mil; ｾ＠ 311\1 * 
WlRR :!'" fm '11: ｾ＠ 'lei WT <(:1 t I 
'lei q;r Wll'l- ｾ＠ <1<'f\ of.l ｾ＠ i1 
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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 A m in a channel shown in the 

figure below. Estimate the discharge 

and specific energy in the channel. 15 

T 
lAm 

l_ L__--=--_--,-' 

ｾＲﾷＴｭｾ＠

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 em and 20 em, 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 (ii) parallel. 

The coefficient of friction = 0·04 for each 

pipe. Use hf = fLV
2

. Find the ratio of 
2gd 

discharges when the pipes are in 

parallel to when the pipes are in series. 15 
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1 0 mm ｾ＠ ;o;tqfm ｾ＠ ＳＱｾ＠ 1R ｾ＠ I 1'18 oli't 
ｾ＠ 4 m ｾｉ＠ 1'18 il Ｓｬｦｾ＠ ｾ＠ oli't 
ｬｊｕｒｔｾｉ＠ 15 

('1) :fRl m il ｾ＠ ｾ＠ ｾ＠ il ｾＮ＠ ｾ＠ <li't 
ｾ＠ ｾ］＠ 1-4 ｭｴｒｾｴｮ＼ｏｊｾｉ＠

ｾ＠ (1'1!1 ｾ＠ il fimm ｾ＠ '1>1 ｾ＠

ｾｉ＠ 15 

1-4m 

('!) <it iWil il ｾ＠ oli't ｾ＠ il ｾ＠ 15 m ｾ＠

o'lll T-Ji\; ofR oli't 'lft 600 m ｾ＠ I <it ｾ＠ ｾ＠
01lffi 30 em (1'111 20 em ｾ＠ 3ltt ｾ＠ ｾ＠
'I'U'f( t ｾ＠ iWi\ it ｾ＠ ｾ＠ I ｾ＠ it ｾ＠ W<! 

ｾ＠ Of'! ｾ＠ ｾ＠ ｾ＠ it ｾ＠ '11< ｾ＠ (i) Mt il 
(1'111 (ii) B1li<R ill ｾ＠ ｾ＠ it; ful( ＧｾＢＧｦｵｲ＠

fLV 2 

ｾ＠ = 0·04 ｾｉ＠ hf=-- ｾｾｉ＠
2gd 

ｾ＠ it; B1li<R (1'111 Mt its it; fu:mui\ '1>1 

31:!,'IT<l W<! ｾ＠ I 1 5 
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3. (a} Determine the plastic moment capacity 
of the frame as shown. Assume 
EI = constant. 

50 kN 

4m r 
6m 

1 
(b) Draw the bending moment and shear 

force diagram of the beam as shown. 
EI = constant. 

2 kN 4 kN/m 2 kN 

15 

15 

r ｾ＠ ＶＧ］ｙｘｘｊＺＺｾｾ＠ ｾ＠ ｾｄ＠E B c F 

ｾ＠ ｾ＠

ｾ＠ ｾ＠3m 4m 3m 

(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 Bemoulli's 
equation along a streamline. How is this 
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3. ｃＧｾ＾Ｉ＠ ｾ＠ TTl( iPl <liT q u ｾ＠ <"'llf>< ｾ＠ Wl(IT lfl(l 

ｾｉ＠ El = Wn:i'fi llR ｾｉ＠ 15 

50 kN 

1 
1 
6m 

1(--- 4 m -----)! 

(13) ｾｔｔｬＨ＠ '-WI it Rt; ｾ＠ ｾ＠ (!'2!T ｾＢＢＢ＠

ｾｾｾ＠ EI=Wn:i'fil 15 

2 kN 4 kN/m 2 kN 

ｾｦＭＭＭＭｴｴ＠ _ ｟｟ｦｪＬｾ］］ｾｾ＠ Ｍｾｴ＠ ＭＭＭＭＭｦｾｯ＠
ｾ＠ ｾ＠
t2_rrJ_ I mJ r--- ＳｭＭｾｾＭＭ 4 m ＭＭｾ｣ＭＭＭ Ｓｭｾ＠

('1) ｾＳＱＱ＠ q;] <'!1! ｾ＠ ｾ＠ S'(, l('F ｾ＠ ([(<1 

Jl"i'!lO it Rt; l('F ma -l.m <liT fun i! ｾ＠ q;] 

lJfu <1'<1'1>\'1 ｾ＠ ｾｉ＠ <'!1! ｾ＠ fif; ｾ＠

ｾ＠ <1AI'I>i"'H ｾ＠ ma-T_m <liT fun i\ <r.@l 
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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. 

(d) An inward reaction turbine has an 
external diameter 1·2 m and breadth 
0·3 m. If the velocity of flow at inlet is 
3 mjs, 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; 

(iv) the relative velocity of water 
entering the runner vane. 

F-DTN-M-DJWA/11 10 
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A<ft ifi(U I :ml fili'lT "'l(ff ｾ＠ I ｾ＠ ij "3'f'itrT it fu\( 

ｾ＠ >:1Glifi(UI ij *if Bm>R fili'lT "'l(ff ｾ＠ 7 3>t!( <li\ 
3T\1: 1cl d'>mrtl ｾ＠ ij ｾ＠ it ful( <r.@t 
\'IG,Iifi('ll ｩｴｾ＠ B dtl(j Wrn fu;r ｾｉ＠ 15 

( 'l ) 1('n >furft ｾ＠ Rl f sM I W'fT0 'liT 'ffi:J ""'T\1 1 · 2 m 

<l'.n - 0·3 m ｾｉ＠ 'lR ｾ＠ 1J\ ｾ＠ ｾ＠

3 m Is ｾＬ＠ (1'1 1lfu Wi>s W'IT0 i\ ｾ＠ "!f.t <'!T8 
ｾＧｬｩｔｾｾ＠ ｾｉ＠ '10 l!R ｾ＠ fil; ｾ＠

'liT 15 ｾ＠ ＼Ｄｾｾｩｴ＠ q;j11lj ｾ＠ ｾ＠

ｾ＠ 1 'lR m <lit 'ffi'! 240 r.p.m. til <1>11 ｾ＠

w ｾ＠ ｾ＠ citu! ｾ＠ <='!1!f-D3T i\ 15 o ｾＬ＠ (1'1 

ｾ＠ irT &:pr ｾＭＨＡ＾ｉｔｾｾＭ

(ii) ｾ＠ 1j( ｾＧｬｩｔ＠ ｾ［＠
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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 

4m 
60" I 30" 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭ

B 

I< 40 mm ll 

50 mm 60 mm 

50 mm 

C/ S of the members 

(b) Draw the influence line diagram for 

forces in the members (D, @ and @ of 

the truss as shown assuming loads are 

moving on the bottom chord. 15 

T 
2m 

6 @2m= 12m 
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I 4. ("ili) iPl 111: i:'I'TTi! ｾ＠ ｾ＠ 'ffi1l ｾ＠ 'lffi p. ｾ＠

fu i\ f@wr TJ'll ｾＬ＠ ｾ＠ lJURT ｾｉ＠ 'Wl1cR 

ｾ］ＳＲＰｍｐ｡ＨｦＧＴｔｅ］ＲＱＰｇｐ｡ｾｬ＠ 15 

p 

c 

4m 
A 60, I 30, 
ｾ＠ __________________ t ______ _ 

B 

IE 40 mm ll 

50 mm 60mm 

,. 
SOmm 

(13) ｾ＠ 'IW'Rl q;f<\ S'< f'l; 'lffi ｾ＠ *'n 111: "'" @ 

t ij;-;ft it ｾ＠ CD. @ ＼ｾＧｉｬｬ＠ @ il wf.l ｾ＠
ｾ＠ it ｾ＠ 1l'1Tii Dill :m'l:rcnl!Rnl; 1 1 5 

T 
2m 

6 ru 2m= 12m 
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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 mj s. The curved vane is 

moving with a velocity of 7 mjs in the 

direction of the jet. The jet is deflected 

through an angle of 160°. Assuming the 

vane is smooth, find-

(i) 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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( '1) ｾ＠ 'li1 1('li I 00 m m O!ffil '!TMl mm: 1('li <rs1> iR 
ｩｦ［ｾＧ＼｜＠ 15 m/s if; il'1 ｩｴｾ＠ ｾｉ＠ <rs1> iR 
>rtm <tl fum il 7 m/ s if; il'1 it '1ffi 'R @ ｾｉ＠

＾ｾｴｭ＠ 16o, '" <iM "' ｦｯＡｾ＠ m "fRft ｾ＠ 1 iR 'Iii 
F.miuT m S{(. wn ｾＭ

fiJ >rtm <tt fum il iR q"( i'lTJT "'"; 

(ii) >l"ffi <tt ｾ［＠

1 iii) <:a:r<rrl 

1('li '{'R 'R <% ""' q"( ｾ＠ ｾ＠ 'Iii itit W1T'lT 1J<!T 

ｾ＠ fir; mm: ｾ＠ iR it ｾ＠ ｾ＠ I "' 31<R'?.!T if; 

ful( >ft ｾ＠ (iJ, (iiJ wn (iii) 'Iii wn ｾ＠ 1 15 

ＨＧｾＩ＠ 1('f; =fim "WI Ilm il, ｾ＠ ｾ＠ O!ffil 

0·3 m wn oi;o O!ffil 0·15 m i, 1·6 Ｚｭｩｮｾ＠

ｾ＠ 'li1 ];'I = <tt m.: ｾ＠ m WI ｾ＠ ｾ＠

ｾ＠ "' 0·1 m 3 /s ｾｉ＠ ｾ＠ f.rffi>:ur ｾ＠
0·98 ｾｉ＠ <:1'1 ｾｩｦ［＠ 'lUI =fim ｾ＠ 0·5 m ｾｉ＠

(i) ｾ＠ <:1'1 ｾ＠ il wm: '11( ｾｩｦ［＠ ｱｬ＼ＵＺｾｩＧｨｬ＠

ｩｬｾｗｩＡｾｬ＠

(ii) '1"R ｾｩｦ［ｾ＠ q"( ｾ＠ ｾ＠ il fo!iro 
ｾ＠ i'lTJT m. cn ;mil; = "Rfil * 'lUI 

ＳＱＰＱＺｗｩＡｾｬ＠

(iii) B>fl WRufl 'li\ <:Wif ｾ＠ ｾ＠ ｾ＠
ｾｉ＠ 15 
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Section-8 

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 ts 
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 ts 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. 
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5. (<!i) 1% ｾｦＸｾＱｩＧＡｩｬ＠ ｾ＠ ｊｬｬｾｩｬｬｩｨｬＨ＠ ｾＮ＠ ｾ＠

3'!JIIT1< 300 mm x 600 mm (>r'll'ft ｾＩ＠ t 
2 0 m m ""1m oj;\ <ff.! ｾ＠ i\ ｾ＠ f8 ｾ＠ f<1 il ｾ＠ I on< 

ｬＨｩｨ｜Ｑｾｈ＠ m ihl'f'hl\1 'Ill: mo ｾＮ＠ f>m 'l"G 

ｷｾ＠ 5 m oj;\ m<'l :mmful >r'll'ft fu:\rfu 1:[( 

ｾ＠ 'li( ｾ＠ 1 'l"G iii m iii 'Ill: qij "flT1Rl " ｾ＠

ｾ＠ ｾ＠ M 20 qijR 'liT ｾ＠ ｩｬＧｾ＠ ｾ＠

ｾ＠ Fe 415 q;m 'liT ｾｉ＠ <ftm ｾＧｾ＠ Rf>< 'liT 

ｭｾＱ＠ 12 

(<3) 1% -.im ｾ＠ f8 ｾ＠ li'l (I ｾ＠ «1'1, ｾ＠ 3'!JI!jq 

300 mm x 300 mm t 20 mm ""1m oj;\ 

<rn HYSD ｾ＠ i\, -il Fe 415 oj;\ f.. !lf8"'Ail 

M Tl'IT ｾｉ＠ ｾ＠ ｾ＠ M 20 q;m 'liT ｾ＠ I wfl\lil 
ihl'fihiO 'Ill: mo ｾ＠ -m e<i'l ｾ＠ 'li( ｾ＠ 1 m 
'Ill: '!iT ,;r 'JlT 'li\ WIT "11'1 il"'T ｾ＠ <ft "l1lOil qft 

1:%, ｾ＠ ｾ＠ e<i'l 'liT ｾ＠ ｾ＠ mo 
ｾｉ＠ <ftm 31<WIT Rf>< 'liT ｾ＠ ｾｉ＠ 12 

(TJ) ｾＭ m f.mlJ 3TIS\ Pi ｾＰＱ＠ q 01 qi] ｾ＠ 'li\ill ｾＷ＠

f.mll <ft ｾＺｭ＠ om mm:m 'liT ｾ＠ ｾ＠ 1 12 

('I) ｾ＠ "'"G'lT m1 ｾ＠ ｾＷ＠ ｾ＠ fF;i\ ｾ＠ otft ｾ＠
il'll ｾ＠ f.'l\lih(OI fF;i\ ｾ＠ ｾＷ＠ 12 

(s) tfm ｾ＠ i\ 'lf'l <;f'.l 'i.lllT ｾ＿＠ Bfi;q' om f.rm 
＼［ｐＮｾ＠ 'liT ｾ＠ "ffil ｾ＠ ｾ＠ ｾｉ＠ 12 
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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 

Detail A 

ｾ］］ｾｾｾｾＭＭ ·v:r;;;;h-;f-ｦｬｩＭｾｨｾＭ ｾ＠ ＭｾＭＭ［［ＬＺ［Ｍ r · 
I 1·2 m 
I 
I 
I 

IE )I 
: 8 (lg 250 mm I 

1 (Tread) I 

I 
. I 

,Rtse '= 150 mm1 

For the given data-

230 mm 

(i) 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. 
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6. ("&;) ｾ＠ fu( m il 1% ｾ＠ 'll'R o8 ｾ＠ -%n 

qi\ ｾ＠ 'T'IT ｾＮ＠ ;it ｾ＠ fW\ 1R <it ｾ＠ 1R W('! 

311mful ｾｉ＠ ｾ＠ "i'li'! 'ffi, ｾ＠ 'ffi <12fT 31"'1 

ｾ＠ >ffij qi\ l1R ｾＮ＠

fu;n:crj A 

ｾ］ｴｾｾＭＭＭｾｾ［ｦｵ［ｾＭｾｾｾｾｻＺＭｬＺｓＭＬ［ＬＭｲＭ

1 1·2 m 
I 
I 
I 

IE )I 
: 8@ 250 mm I 230 mm 
I ｾＭ＼ｭＺＩ＠ I 

I 
!="150mm 1 

(i) ｾ＠ ｾ＠ ff; ｾ＠ ｾ＠ W'-T'!i(!l1 ｾ＠

=&n; 

(ii) ｾＭＥｮ＠ il ｾ＠ ｾ＠ ｾ＠ (12[[ fo!ful! 

O!ffi! ｾ＠ ｾ＠ ｾ＠ o8 U&n ｾ［＠

ＨｩｩｩＩｾｾ＠ 1R JlBll1P:j ｾ＠ ｾ＠

ｾｾ［＠

(iv) A 1R 1.f&l ｾ＠ ｾ＠ o8 ｾ＠ iii f.RT 
ｾ＠ 'li1 fucRuT ｾｉ＠

ｾｾ＠ ｾ＠ ofi't ｾ＠ :>!I<'P4ifidl 'l\fl ｾｉ＠ U\ln ｾ＠

filftT q;] m ｾｾ＠ 1s 
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(b) The following figure shows the plan of 
slab of a framed building. It consists 
of several panels with different edge 
conditions : 

ｾＵﾷＵｭ＠ )(E 4 m ｾ＠

i 
5m 

t 
Sm 

l 

I 
I I 

·-·----ljl-·-·f-· 

i I 
j s3 j 

·-·-·--4-·-J,_ 
I I . . 

Assume: 
DL on ｳｬ｡｢ｳｾ＠ 6 kNjm2 
IL on slabs ｾ＠ 3 kNjm2 

IE--- 5·5 m ｾ＠ 4 m ｾ＠

Slab 

si 

s2 

s3 

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

Short-span moments in Long-span moments in 
kN-m per m width kN-m perm width 

(+)ve (-)ve (+)ve (-)ve 
moment moment moment moment 

13·5 17·9 11·8 15·86 

10·8 14·5 9-46 12·5 

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 

F-DTN-M-DJWA/11 20 

www.examrace.com

Get Printed Study Notes for UPSC Exam - https://iasexamportal.com/notes

https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook


T 
5m 

t 
5m 

l 

(13) ｾ＠ fu; m il 11!'fi ｾ＠ ｾ＠ it ｾ＠ "" 
ｾ＼ｩ｜ｱ＠ ｾ＠ lJ'IT ｾ＠ I ,..m fuN;; fun @-!fum 

ｾ＠ ｾｬｦｦｩ［ＡｾＮ＠

ｾ＠ 5·5 m >IE 4 m ｾ＠

s, ｉｾｾＺ＠
1 1 ｾ＼｛Ｈ＠ DL = 6 kNjm2 

ｾ＼｛Ｈ＠ IL = 3 kNjm2 
ﾷＭＭＭﾷＭＭＭﾷｾﾷＭＭＭﾷＭＭＭﾷｾﾷ＠

I s3 I 
I I 

ﾷＭＭＭﾷＭＭＭﾷＭＭＤﾷＭＭＭﾷＭＭＭﾷｾﾷ＠

I I 
)E---- 5 5 m --¥--- 4 m ｾ＠

<fR ｾ＠ ｩｴｾ＠ ｾ＠ l:('i *"lkA<"h ｾ＠ \1>11 

efi\ ｾｩｴｾｾｾ＠ i\ fu( '1'< %· 

,m firn:Jfcr ｾ＠ <#1 firn:Jfcr ｾ＠
kN-m Wifm ｾｩｦ＠ kN-m Wifm ｾｩｦ＠

mf'R 
ｾｭＧｦＧｬ＠ ｾｭＧｦＧｬ＠ ｾｭＧｦＧｬ＠ ｾ］Ａ＿ｦ＠

s, 

s2 

s3 

13 5 !7·9 !!·8 !5·86 

10·8 !4·5 9-46 !2·5 

7·34 9·72 5·!8 6·9! 

fu( '1'< ｾｩｴ＠ ｾｯｭ＠ *"I"*" ｾ＠ ｾ＠
ｾ＠ liTH ｾ＠ 3i'\1: ｾ＠ ｾＮ＠ fu; it f'hB fun 
@& <19.11 f'hB <.'ioft ｾ＠ 3i'\1: mil ｾ＠ it 
ｾｩｴｾＰｊＧｬｩｴｈＱ＠ 1s 
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(c) The dry unit weight y d of a soil having 
15% moisture content is 18·5 kN/m 3 

Find the bulk unit weight y, saturated 
unit weight y sat and submerged unit 
weight y'. Assume G ｾ＠ 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 em 2 

sample of silty clay. Plot the graph for 
effective shear strength parameters. 
Give the value of attraction (Janbu) : 15 

Normal stress (kN f m 2) 

Maximum shear stress (kNjm 2) 

20 40 60 

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 kNfm. 
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 kNjm 3 . 15 

jE---- 250 mm ｾ＠
,..---------,, ' 

T 150 mm 

300 mm --·-·-·-HE--
60 mm 

0----- . 1 90mm 
c__ ___ _j,x 
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( Tj ) Q,if; ':fGl '!>I '{J"'li ｾ＠ 'lffi y d ' fjmij 1 5% 

ｾ＠ i, 18·5 kNjm 3 i1 ｾ＠ 'fl ｾ＠
'lffi y, ｾ＠ ｾ＠ 'lffi Y 'at (!"<] ｾ＠ ｾ＠

ＧｬｦｦｩｹＧｾｾＮｉｇ］ＲﾷＷﾷＱ＠ 15 

Ｈ＼ｾＩ＠ ｾ＠ Bl'!vf ｾ＠ ｾＭ＼Ｇ｜＠ ｾ＿＠ ｾ＠ *i\ 
ｾ＠ ｾ＠ omiT i? l'JTOll'l ｾ＠ iii 36 em 2 

ｾ＠ '11: ｾ＠ ｾ＠ ｾ＠ il; m<f.\ 
qfjzyr[\ B f.\1•'1 PI ful<1 ｾ＠ ml! ｾ＠ '11( ｾ＠ I >r'1T'Il 
ｾ＠ Bl'!vl ｾ＠ il; full, !m> ｾｉ＠ ｾ＠

'!>I '"lT'l ｾ＠ (Janbu) • 

ｾｾＨｫｎＯｭ Ｒ Ｉ＠

ｾｾｾＨｫｎＨｭ Ｒ Ｉ＠

20 40 60 

19·5 28·6 38·0 

7. ('li) Q,if; ｾＭｾｦｵｾｦ＼ＺＱｩＱ＠ ｾ＠ '1B ｾ＠ 250 mm 

ｾ＠ :;fn: 300 mm 'WI i I 60 mm <A 
ＳｲｩｨＭｾｩＱＱ＠ '11: :mif'll'li ｾＭｾｦｵｾ＼ＮＧｈ＠ Of0 450 kN 

WT u;r t ｾ＠ f'f; m it Rr,wn 'T'!T i I '1B <fit 
ｾ＠ 5·75 m i il"<l ｾ＠ 7·5 kN/m '!>I 

m{rfi:r(1 'lffi qg;! 'liB! i I m{rfi:r(1 Of0 ｾ＠ B ｾ＠
(!"<] ｾ＠ ill!UI- ｾ＠ '11: = ｾ＠ il; full, ｾ＠
'1B il; ｾ＠ q;] f<pflqol ｾｉ＠ ｾＭ >rfuOf0 <fit 
0TR 1 5% "<.'ft "IT B'li<fi i I ｾ＠ '!>I ｾ＠ 'lffi 

24 kN/m 3 '"lT'l ｾｉ＠

T 
ｾＲＵＰｭｭｾ＠
,------,, '' 

150 mm 

300 mm -)-·-·-·- t-·-
60 mm 

90 mm 
0----- . 1 

15 

15 
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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 1m a 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 0·4 7 m : 

0·35 m 
-)!IE-

6m 

I m !·65 m 
1·5 m j._ 

0-4 m 

ｾＳｭｾｔ＠

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 1m2

. 15 
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r 
(13) ｾ＠ fu< 'Tl< m il 1('li 1m! mif>.mq; <!tom '1>1 

ｾ＠ fu3mT lJ<rl ｾ＠ oil 6 m ｾ＠ 'lU'I '1>1 

miftffi'JT <n>:<ft ｾ＠ ｾ＠ ｾ＠ 'IT>: 16 kN/m 3 

ｾｉ＠ ｾ＠ Ｇｬ｟Ｍｾ＠ ｾ＠ 0·33 ｾｉ＠ B>fi 'ifZ'i! '1>1 

'1ftuTp:f\ 311!111: if; l!U!- ｾ＠ i\ Wrn u:<1T ｾ＠ I 

<!tom B'fuT Cf'l.lT ｾ＠ if; mif wf''\lCl ｾ＠ I ｾ＠

0-47 m ｴｴｾｾ＠ • 

6m 

311!111: ｾ＠ 'lit mo ｾ＠ om ｾ＠ = Ｇｾ＾ｾ＠

ｾ＠ m-m wmr fiml il ｾ＠ Jifw.mlll 
ｾｩｬ［ｦｵｬＨｾｬ＠ ｾｾＧｦＨ＠ ｾ＠

ｾ＠ m<! ｾｉ＠ M 20 ｾ＠ Cf'l.lT Fe 415 

wmr '1>1 m ｾ＠ 1 '[<:! <lil wf'\lCl tffi1JT 1,1ll(f[ 

180 kN/m 2 ｾｉ＠ 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 

Tv
50 

ｾＰﾷＱＹＷ＠ and Tv
70 

ｾＰﾷＴＰＵＮ＠ 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 ｾ＠ 20 kN/m 2 , <l>n ｾ＠ 0 

andy sat ｾ＠ 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, 

Ymo ｾ＠ 1·1 and Ym
1 
ｾ＠ 1·25. Partial 

safety factor for dead load and live 

load, Yt ｾ＠ 1·5. 15 
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( lj) 2 5 m m ｾ＠ if; l;P:T m 'fiT' ;;it il;w ｾ＠ <'! 
ｾ＠ ｾ＠ ｾＮ＠ ｾＭＬＱＱｾＱＱ＼ＰＧＱＱ＠ '1"(\&fU) i\ II fl:Rc: i\ 
50% ｾ＠ iRn ｾ＠ I 3BT l;P:T iii ful( ;;it 2 m mil 
(11'.11 ｾ＠ <'! ｾ＠ ｾＮ＠ ｾ＠ '1"(\&fU) i\ 70% 

ｾ＠ if; ful( fur.n W!'! ｾ＠ it'll? 'lii"RT 

ｾ＠ T = 0 197 (11'.11 T = 0-405 ｾｉ＠ 15 usa v7o 

(" l =1'il ｾ＠ 'fiT m Ｇｾ＾ｬｩｴ＠ Sl( 1('f> ｾ＠

'<R ｾ＠ ｾ＠ m>:UT ｾ＠ m<! ｾＮ＠ ;;it 
1·5 m ｾ＠ nl'.!l Ｇｩ｟ｾﾫｒ＠ <'I 2 m oJR 
B\m l;P:T (Cu = 20 kNjm 2 , <l>n = 0 (11'.11 

Ysat = 20 kNjm 3
) 'l1: ｾ＠ ｾｉ＠ ｾｾｬＺ＼｛Ｈ＠ >fl 

Ｇｩ｟ｾｬＺ＼ｒ＠ <'! 2 m oJR ｾ＠ I 'lli\ ｾ＠ ｾ＠ «R I m ｾ＠

33 ;,mn ｾＧ＠ (!il ｾ＠ m>:UT ｾ＠ i\ mir.rrn q;Ij\ 

<ft lJURT ｾｉ＠ 15 

8. ("ili) 1('f> <1-R 31if'jq, ;;it 0·9 m ｾ＠ ｾＬ＠ ｾ＠ 20 kN iii 
Ben 3RM 'IT( (11'.11 60 kN if; Ben Ｂｾ＼ＧＡ＠ 'IT( 'fiT 

"!lfuU'l 'l>GT ｾ＠ 1 ｾ＠ ful< 'lR<IO ｾ＠ wrrn 
Fe 410 <itR: ｾ＠ 1('f> :>114dlilil\ 1NR: ｾ＠ 'fiT 

ｾ＠ ｾｉ＠ l!R ｾ＠ fif; ｾ＠ 31if'jq 

16 mm 01lffi if; <itR: 4·6 wrrn ｾ＠ ｾ＠ ｾ＠

1('f> t® ＼Ｇｾ＠ "itST '1'11 ｾ＠ , mm w.mr fofi'l 'fiT m 
ｾｉ＠ Wn ｾ＠ 'lGT,f if; ful( 31ifuq; \i(I'JT 

m y = I · I (11'.11 y = I · 2 5 ｾ＠ I Ｂｾ＼ＧＡ＠ (11'.11 ｾ＠ ,-,. m
0 m

1 

3RM 'IT( if; ful< 31ifuq; \i(I'JT "T'1'" y J = I · 5 ｾ＠ I 

15 
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(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, 
y mw = 1·25. While calculating the 
moment of inertia, ignore the moment of 
inertia of the flange weld about its own 
axis. Use limit state method. 15 

ISHB 450 

120 mm long weld 

170 mm 

f 
320 mm 
ｾ＠ longweld 

120 mm long weld 

120 mm -- i I HOmm rm 
-View of weld from XX 
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(13) ｾ＠ ｾ＠ qif 'RT ｾ＠ ｾ＠ ｾ＠ ｾ＠ ij ｾ＠ it<n 
t iT 200 kN ｾ＠ ｒｾ＠ 'liT( 'liT i'f(R 'R(!T ｾｉ＠

ｾ＠ :ftit fusm; '11( m ｾ＠ ｾ＠ ｾ＠ <=<i'l ｾ＠ m 
B ｾ＠ WI i1sJ TJ<1T ｾｉ＠ Me. -ilC'S q;r ｾ＠ m<l 

ｾｉｾｾｾ＠ Fe 410 ｾｉ＠ ＼ｷｦｾｬｬ＼ＢＱＱ＠ -ifc;s 

ｾ＠ ｾ＠ 31ifu<f; Wl\!1 '1"f'!i Y mw = 1· 2 5 ｾ＠ I 

ｾＭｾ＠ ｾ＠ TJURT -,m = m -ilC'S qif 

3N.\ ＳＱｾ＠ ｾ＠ ｾＦｬ＠ ｾＭｾ＠ 'l1JUll ｾｉ＠ m.n 
wmr Rf'l qif >r>WT ｾ＠ 1 15 

X 

12 0 mm i'i<rr il"i'S 

320mm 
,ti'i<rril"i'S ｾ＠ !SMB 400 

!SHB 450 

12 0 mm i'i<rr il"i'S 

X 
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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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