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C. Sc (1~IN) EXAM, 2009 

c-DTN-J-DFA 

CIVIL ENGINEERING 

Paper-I 

I Time Allowed : Three Hours l I Maximum Marks 300 l 
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 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 kilo newton ( 1 k.N) = 1 00 kg, if found 
necessary. 

fAI'1 ~ = 3ti4~n cnr ~r<n ~4,~< ~ ~-~ ~ t?t0<?l ~ lR 
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Section-A 

1 . Attempt any five of the following 

(a) A smooth right circular cylinder of 
radius 0· 5 m rests on a horizon tal plane 
and is kept from rolling by an inclined 
string AC of length 1·0 rn. A prismatic 
bar of length 1·5 m and weight 125 N is 
hinged at point A and leans against the 
cylinder as shown in the figure below. 
Find the tension S that will be induced 
in the string AC. 12 

A 

(b) A composite beam of cross-sectional 
dimensions is shown 1n the figure 
below. The upper 150 mm x 250 mm 
part is concrete, Ec = 20 k.N/mm 2 and 
the lower 150 mm x 10 mm part is strap 
steel, E 5 = 200 kN/mrn 2 . Locate the 
centroid and calculate the second 
moment of area about the horizontal 
centroidal axis of the composite section. 12 

150 mm 
J< ~ 

I J!'-

250mm 
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1. RRR1Md if~ Fcf; .. ~ ~ ~ "3ffi: ~ : 

(q;) ~ RtCfi"il ~ ~ m<?to:st, ~ecb1 Bt\i41 

0·5 m t, ~ ~ ~ 1R WI t ~ ~ 
1·0 m (.'1ktl{ ~ 3lFRf 6ftt AC ~ IDU ~ ~ 
~ ~ ~I 1·5 m (.'1Htt{ q 125 N \lR ccl~·n 

rn\7tft;q ~, -m if R~~~ 3'1~1{ ~ A 1R ~ 

~ ~ t 3fR feclo:S{ 1:R ~ t I :sTft AC -ij ~ 

CFRS~~<lill 12 

A 

("{9) ~ ~~ QG -cfa qft•c;<iJ<fi ~qrc{ -m -q R(91{ Tf{ 
t I 3')q{l 150 mm X 250 mm ~WI, 

Ec = 20 kN/mm 2 ~ cfislnc: Cfi1 "iRT t 3fR 
150 mm x 10 mm c4f(.'11 f.t::q(.'11 ~R"fl ~ 

~fYid CfiT t, ~eChl E 5 = 200 kN/mm 2 t I 

Ch~Cf) ~ <lit ~ e~ qft~~ ~ ~ 
(h~cb)li 31&1 c#i\ 3Tn: ~EUd ~-3'11li?f cfiT JfUHI 

~I 12 
150 rnm 

I ( >4 
~ ' 

250mm 
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(c) For the beam shown in the figure below, 
find the fixed moment at ends A and B, 
using conjugate beam method. EI is 
constant. 

75 kN 

4m i 3m=JB 
(d) A gate of size 2 m x 1 m can slide 

without friction. It is held in p lace by .a 
thin cable which pulls it to the left due 
to buoyancy on a balloon of diameter 
D and of negligible weight. The gate just 
opens when the level of water is as 
shown in the figure below. Obtain D. 
Where should the cable be attached so 
that the gate slides smoothly (i.e., 

12 

without rotation) inside the channel? 12 

T 
3m 

Water 
Channel 

(e) An open circular cylindrical vessel 
of 20 em diameter and 80 em height 
contains water up to a height of 60 em. 
Find the maximum rotational speed of 

C- DTN-J- DFA/38 4 
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("71) ~ m it R€11~ ~ ~ ~ 3i~q ~ -fcffu -a 
fm A 3ftt B "Y'l: 3"11i4~ 3illl?f -mo Cfit I EI ~4d 

tl 12 

4m 

("'EI) 2 m x 1 m q;r ~ ct;qf2 fir-:n ~ ~ lRCh ~Cfidl 

t I ~(Ofi:hl ~ ~ (\;G4(Yt IDU ~ ~ "tR ~ TT<n 

t, ~ fcfi •PI04 \lR Cf D 041~ ~ ~ 'Y"{ ~ 

3~1C4Cfidl ~ Cfii{Oj ~ GWff 3fu: @l'i:ldl t I Cfiqll 

(Of i''ii ~(Yt d I ~, ~ l:fFft Cf)J <ffi ~ -ij ~€1 I~ 

31ifiR ~ t I D -mo Cfit I 4ii4€1 ~ f'PII41 \5fRT 

=qt~QO, ~ee fcl; cfNil qi~Chl if RG4tt1 lRCh ~ 

(~fcR~~~)? 12 

T 
3m 

~-~ 

~ -~'-'---F~--~ 2 m x 1 m 

(~) 20 em 041~ Cf 80 em J;:q1~ ~ ~ ~ 

c"fdlCfii( m;'tu:g{l ~ if 60 em c#a £:ql{ Ocf) ~ 

t I ffi(.Z'to:g{l ~ ctl ae(\; ~ 3it:Ctitn: 31~ 'Y"{ 
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the cylindrical vessel about its vertical 
axis so that no water spills. The vortex 
flow developed in the circular vessel is 
forced-type vortex. 12 

(f) Find the coefficients m a cubic 
polynomial representing velocity profile 
for a boundary layer flow over a flat 
plate held parallel to the stream. The 
pressure inside the boundary layer is 
impressed from outside boundary layer 
and remains constant in the direction 
of flow. Find the shear stress on the 
plate in terms of free stream velocity, 
boundary layer thickness 0 and 
dynamic viscosity J..l. Cubic polynomial 

u =a+ bTl+ c11 2 + d11 3 

u 
where a, b, c and dare coefficients and 

11 = Y and y-measured normal to the 
b 

plate. 

2 . (a) A bridge girder which ts simply 
supported, is traversed with a system 
of loads as shown in the figure below. 
Calculate the maximum shear force and 

12 

bending moment for the girder when the I 

loads are traversing. Assume the span 
of the girder as 40 m. 20 

CD ® 
6 kN 6 kN 1 0 kN 1 0 kN 4 la"l 

f-2·5 m+-3 rn+3 m-+2·5 m-) 
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~ ~ ~ -mo ~' ~eil lfr.ft 0(.'14-i -;nft t 
~~ICflR ~ it ~Cfifed yftla 9Cil5 SlunRct Yfll<?i 

~Cf;T"tt 12 

(--q) ~ tR ~ §4 ~ -if, 'if) -fcf; e) ru r:ct "G"«J s.c:o ~ q;r ~ 

s()q;,~a, trm ~ elttr:ct< \lSft ~ eq1~ ~ t«: 

~ctlctl ~, !JOiiCfi W0 ~I {ftqtr:ct -c:mt ~ ~ ii:CI~il 

elltlr:ct lffif -G G1iJ <?i'ldl t ~ ~ SICil~ c#i) ~ it 
~ urcn t t ~ t«: 3'14(1:\401 5lR1~<.1 Cfi1 ~ mu 
~, ffl rt I r:ct 'tffil c6t l() ~ I ~ 0 3fr< 1 I ffi Cfl :t ;q 1""1 ct I J..l ~ 

'tfG1 if m<f ~ I l:R ii:C§G ~ 

u =a+ bTl + c11 2 + d11 3 

u 

~eil a, b, c 3fn: d !!oticti ~ om l1 = Y ~ 
0 

y -;rrqr TflTT ~ 'tR ~ ~ I 12 

2. (Cfi) ~ !ti~l<:1fk)ct ~ ~ lR ~ ~ it ~@I~ 
a:iiet< '1R 51011cil ~SfiJ:tut Cfi<dt t 1 "lTil ~ ~ShltfUict 
m c#i) ~it 1'1i< "4=i ~ ~ 3i4~401 GfR 

3fR Gt Cfi::t 3i I E{?f "IDO Cfit I ~ c#it ~ ~ fd <:fiT 
40 m l1R ~I 20 

® 
6 kN 6 kN 10 kN 10 kN 4 kN t--2·5 m+-3 m--t-3 m-+2·5 m-1 
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(b) Determine the value of collapse load 
for the continuous beam of constant 
plastic moment capacity of 90 kN-m 
shown In the figure below. Use 
mechanism method. 20 

p k.Nfm P 
6 

c 

(c) (i) If the velocity components for 
possible flow are given as 

u = -4ax(x 2 -3y2 ) 

v = 4ay(3x2 
- y 2

) 

determine whether or not fluid 
motion is possible. Obtain stream 
function, 'V· Show whether the 
flow 1s rotational or irrotational. 
If irrotational, fmd velocity 
potential, <1>. 10 

(ii) A trapezoidal channel with one side 
vertical and the other sloping at two 
horizontal to one vertical, carries a 

discharge of 28 m 3 fsec at a mean 
velocity of 1·5 mjsec. Determine 
the longitudinal slope and channel 
dimensions for the best hydraulic 
efficiency, if Manning's n = 0 · 014. 10 

3 . (a) As shown in the figure, an 1-section is 
made using 3 wooden planks of dimen
s ion s 150 mm x 10 mm to give a total 
depth of 170 mm. The glue that is used 

C- DTN-J- DFA/38 8 

J 

--- ---
_j 

evid
ya

rth
i.in

Educational Material Downloaded from http://www.evidyarthi.in/ 
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



• 

("{9) ~ ~ .q R(St~ 90 kN-m ~ ~ q(ISh''lll~ 

~•tt?f @«fT qffi ~ ~ ~ ~ f.lqld \lR em 
llR ~~I fshlflf4ftl em 3q~'l q;l: I 20 

p kN/m P 
6 

c 

(TT) (i) ~ ~ ~c:o~ ~ ~ WT \42Cfi ~ rro: ~ 

u = -4ax(x2 
- 3y2

) 

v = 4ay{3x2
- y 2

) 

m (fffi TTfa ~ t en -=rtff, f.%f~ ~ 1 mu 
'h~H 'JI "51TH~ I SIC4 I~ t{?lf("&fCh i <n 3tqJ?If("&fCfi, 

R(g, tt 1 ~ ~ l!fl' fc:qCf) t, m tr~ -fcNq <~> wo 
"Cfitl 10 

(ii) ~ ~ ~ 3fu: ~ e&lfBd, G) ~ "tR 

~ &tA:tft.R, C4 lcll ti&fclkfl C4 I~Cfil -ij 

1·5 mfsec~~~'l1:28 m 3 fsecq:)f 

f'ZlW(OI mort I~ ~f.Wq;r n = 0 · 014 t, ol 
ecn"d&f ~cftlf G&idl ~ ~ ~i~u.f ~ Cl C41f%Cfil 

~ fct&ttlt mo Cfi11 1 o 

3. ("Ch) m -ij R(gl~ ~j;eR 150 mm X 10 mm ~ 

Pcftn C41cll -aR cl<ih4' ~ a@ q;r 3q4l•t Ch<Cfi 

~ I e~l"'i CSC"'il<tfl TflfT t I 3ecfil ~ 11~(1~ 
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to join the planks at the joint is having a 
permissible shear stress of 1 N 1 rnm 2 

after it is cured. Check whether the 
section is safe at the joint to withstand, 
\.Vhen it is used as a cantilever of span 
1 m, due to a concentrated load of 1 kN 
applied at the free end. 20 

150 rnm 
I 

>I 

150 mrn 
170 nun 

'-------=---------~ ]! 0 mm 

150 rnm 

(b) (i) A model having a scale ratio of 
1 : 10 is to be constructed to 
determine the best design of Kaplan 
turbine having power 7355 kW 
under a net head of 10 m at a 
speed of 100 r.p.m. If the net head 
available at laboratory is 6 m and 
the model efficiency is 88%, 1md-

( 1) the speed of the runner 
required in the laboratory; 

(2) the output power of the model; 

(3) the specific speed in each case; 

(4) the discharge needed in the 
model. 10 

C- DTN-J- DFA/38 10 
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170 mm t1 d®l Cf;) ~ "tR ~1<$4 ~ ~ ~ 
TiiG if, ~q;:r ~ GfTG, 3i~~~ 3i4~401 S~fd~~ 

1 Njmm 2 t1 ~ ~ ~~14 1 m ~~fd ~ 
>1'"m, ~eil 1 kN CF.T fi~ .. sft 11R ~ fat "tR ~ 
t, cfil ~ ~4lf?tC1 t, m ~ lR aec:hl wa.n ~ 
~ q;tl 20 

150mm 
I 

lSOmm 
170mm 

L----~----' J!o mm 
I 

150 nun 

("{9) (i) ~ CfiG:1H C:<~l~=i, ~eil 100 r.p.m. cia~ 

"tR 10 m~~~~7355 kW~~ 

i, Cf;l ffql"dtt fS;;;yl~4 ~ ~ cm:a ~ 1 : 10 

Wic:1 3i~ •a ~ ~~:tf ct;t e<"i:f41 Cf)(;ft t, ~ 
SFti~ 1 l:tllctl if~~ 6 m 3ffi: f4~:ff GlSOT 88°/o 

t, m~cit-
( 1) S14l11:fllcll if <qSfilcl cfa 3ilcH~Cfi ~; 

(2) ~~:ff cf,1 f.lJfq ~; 

(3) s.~q; ~Fa if Rlan! ~; 

( 4) f.lG:tf ~ \Sf(O:{) Ftffi{OfJ 10 
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(ii) Two pipes each 100 m long and 
diameters 50 mm and 100 mrn 
respectively, are arranged m 
parallel between two reservoirs 
which have difference of \Vater 
levels as 1 0 m. If friction factor for 
each pipe IS same as f = 0 · 04, 
calculate the rate of flow through 
each ptpe. Neglect rn1nor losses. • 

fLV 2 
Use h 1 = formula. 10 

2gd 

(c) An overflow spillway as shown in the 
figure below is 50 m high. At the design 

SOm 

head of 2 · 5 rn over the spillway, find 
the sequent depth and energy loss in 
hydraulic JUmp formed on the 
horizontal apron at the toe of the 
spillway. Neglect energy loss over 
the spillway. Assume coefficient of 
discharge over the spillway, cd = 0. 74. 
Find also the percentage of energy 
loss occurred 1n hydraulic jump. Use 
specific energy concept to find h 1 , the 
supercritical depth of flow of hydraulic 
JUmp. 20 

---------------------------~----- · 

__ _t __ 
v~f2g 
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(ii) 100 m ~ eft ~' ~"i<fi cx:oe Sh'i~t: 

50 mm Ci 100 mm ~' Gl 'itdl~t4"1 ~ Gftq 

eq1~<~~~~~ ~dt~t4"1"*~~"*"iifF:l 
10 m CfiT ~ t I~ G)";il ~ "ij ~ !!OICf) 

QJ=he'il"'f f = 0 · 04 t, ol ~ ~ -ij SIC:U(C G< 

JLV2 -mo Cfil1 TftaT tclf.l4i -;r a I hI = ~ CfiT 
2gd 

(TT) ~ m ~ ~&14 3iieR ~ 3i~SIC41~ 3('<{'11C4 

50 m ~ t I 3('<{'114 "Cfi ~ 2·5 m "Cfi f:g911~"i 

~ 1R 3('<{'1Jq * -q{T!J * ~ VJR 11{ ~ ~ 
'51~"ii01ct if 3i~dT lJt_i(l~ -q ~ ~ ~ ~I 

3c<81C4 11{ ~ c:t1ert ~ ~ -;r a 1 3N:"fJq ~ 

~R"({OJ !!OJi<h cd = 0. 74 'I1R a I ~<ffi~tct if 
~ C41ct1 ~ ~ "Cf)l Slfd~ld ~ -mo Cfill 

~t11~rct * s.ctJtc <fiT 3ifdShJf:a<h 1 ttc<J~ h 1 ~ 

10 

~*~~an!!~ tt<h{"q"fl q;y 544111 Cfilt 20 

---------------------------1!----· 

SOm 
__ 1 __ 

~/2g 
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4. (a) (i) A straight bar 2 m long and 
of 25 mm x 5 mm cross-section IS 

compressed longitudinally until it 
buckles. Assuming Euler's formula 
to apply to this case, estimate 
the maxrmum central deflection 
before the material passes a yield 

point at 320 Nfmm 2 . Take 

E = 200 kN/mm 2 , assuming both • 

ends are hinged. 15 

(ii) If the bar is flXed at both ends, 
calculate the Euler's load. 

(b) In a structure, a beam is loaded \vith a 
concentrated load of 100 kN acting at 
3 m from one of the supports on a span 
of 5 m. The beam may be assumed to 
be simply supported. If the deflection 
under the load is not to exceed 6 mm, 
find the depth of the beam, assuming it 
to be of rectangular cross-section. 

5 

Assume the width of the beam as .I 
200 mm and E = 200 kN/mm 2 . 20 

(c) (i) A run-of-river hydroelectric power 
station is proposed across a river at 
a site where net head available 
is 20 m on turbine. The river 
carries sustained minimum flow 

of 30 m 3 I sec in dry weather and 

C-DTN-J- DFA/38 14 
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' 

4. (q:;) (i) 25 rnrn x 5 mm qft~~ Cft<?ft 2 rn (.1Hft 

lftt.ft ~ Ch13:ij;a9.l' ~"it ewH~o fih~t ~ 
t ~ oq:; fcfi ~ ~~~~(1 -;nff m ~ t 1 ~ 
~ "it 3'11~(.1( ~ WT €4Cfidl i lii'1Cfl(, ~ 

lRN"Cf ~ ~ 320 N/mm 2 
l.R "4"R ~ "U 

~, ~ ~~~ ~~ ma "Cfil1 GR1 imt 
q;) ~ Cfli:11 lir.f ~ q E = 200 kN/mm 2 

~I 15 

fiiJ ~ ~ ~ -mu l.R ~ i, m 3'itl4(?1( '1R 

maq;t1 5 

("&) ~ ft(;:f"il "it, 5 m ~ ~~Rt ~ m;T "it ~ ~ 
~ 3 m ~ <tft "G1: 1 oo kN CfiT ~ e~Ra '1R 

(?{TTl t 1 m;r Cf;) ~~1afkto l1P1 ~ 1 ~ '1R ~ 

~ ~~ 6 mm ~ ~ -;rtff m, m ~ q;y 

qf\::c0G 3'i l~d ICfil< tll=iCfl( ~ eli\ 1 1~(1~ ma q;tl 

tlVl cfil ;::fl'$1~ 200 mm Cf E = 200 kN/ mm 2 

~I 20 

(11) (i) -=rcft-it~~lR, ~<!(~1~'1l.R 20m q:;r~ 

~ ~ t, ~ ~ 'ifi:1~'Q<l ~ ~!lH 
Sl~l~d t l"=i<ft "it 3't~(d 90<(-1dli SlCfli$, ~ ~ 

lt, 30 m 3 I sec q:;r tnOT t 3ft< ~ ~!11'1 
~ ~ q~fa -=1(.11~1~dl i:1'11~ ~ t ~e~ -Fcfi '1R 

!!o ICfi = 7 0°/o ~ m?.t ~ f.:f Cfl 3=o::t d 1i -qiTr q:;r 

'lR 3<5141 ~~I "clic G~ 55°/o ~ ~ 
41Cf(613{i lR (.1 1 11~ ~ ~ 'iff.%:4 ~ ~ 
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behind the power station, sufficient 
pondage is provided to supply daily 
peak load of demand with a load 
factor of 70°/o. Assuming the plant 
efficiency of SSo/o, determine the 
maximum generating capacity of 
the generator to be installed at the 
powerhouse. If the daily load 
pattem indicates 21 hours of 
average load and 3 hours of peak 
load, determine the volume of 
pondage to be provided to supply 
daily demand. 12 

(ii} At a proposed hydroelectric station, 
the available head is 80 m and it is 
estimated that 36000 litres per 
second of water is available 
throughout the year for operating 
turbines. The turbines are to run at 
500 r.p.m. and the overall efficiency 
is 85°/o. The specific speed of the 
turbines is nearly 180. Determine 
the maximum available power and 
the number of turbines required. 8 

C - DTN-J- DFA/38 16 
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3(<41G"'i ~ ~ 'Cfilt ~ ~f4Cfi ~ ~ ~dldl 
~ Fct; 3fmo \lR 2 1 ~ Cf;T ~ 3 ~ Cf;T 

3~d'i ~' -ffi af.%Cfi ~ ~ ~Gill ~ ~ ~PII~ 
\ifH c:u~ \it('11:tl4dt ~ a:ttlld"i 'Cfl1 ~ Cfilt 12 

(ii) ~ SH~I~d \it~~~(( fl:tl"i ~ ~ ~ 80 m 

~ 3ffi~ IJOI"i(cfa~t'Fcf;~~ l(~l~"i oq("if~ 

~ ~ 3 6ooo t'flc< -qr.ft ma ~Cf)o:s ~ G( -a 
~ "Wn I 20<ett~=fl 'Cfl1 500 r.p.m. ~ :q('1J'Qt 

~ t 3fR 3"icf)) ~ "G~ 85°/o t I l(~l~=fl 

~ ~an! ~ "WT'l11 180 t 1 a:t~Cfio'i ~ 

~ q 3ilcP(4Cfi l(~t~=fl cfa ~@I liTO~ I 8 
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Section-B 

5 . Attempt any five of the following : 

(a) In a laboratory test for a mix design, the 
coarse aggregates and fme aggregates 
are sieved and weight retained on each 
sieve are given in the table. Find the 
fmeness modulus for each : 12 

Sl. IS Sieve Weight retained Weight retained 
No. in kg for coarse in gm for fine 

aggregates aggregates 

1 40 2 · 1 -

2 20 2·9 -

3 10 1·45 -

4 4 ·75 2·55 20 

5 2 ·36 1·00 100 

6 1· 18 - 100 

7 600 J.1 - 190 

8 300 J.1 - 350 

9 150 J.1 - 240 

Total 10 1000 

(b) In a powerhouse to replace a circular 
penstock of 1·2 m diameter is made out 
of 12 mm thick plate, lapping it and 
securing it by traverse fillet welds of 
10 mm size, provided on the inside and 
the outside as shown in the figure. What 

C-DTN-J- DFA/38 18 
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\ 

s. RJ:4R1frsa if~ fcti~tff .qfa ~ ~ ~ : 

(ct;) ~ ~~11~11<:11 ~~ -q ftJ~ t"g~J~"i ~ ~ ~ 

ftl<:1t<l -q ~ttlCh M<:11cl CF.t m;n ~ t 3ltt ~ 
d<:1=ft lR ~ ~ fq<:11cl ~ ~ f.tq d lfaCfll -ij 

~ t I~~ "CflT li_~ '"llqiCfl ~ Cfit: 12 

5hfilq; IS f.9H;f} ~ ~ lllZ f?IHJiJ ~ S'Z iilltlcn fila1iJ 

'fl(9<!11 C:fiT q;iR kg if CfiT 'C!1)JR' g m if 

1 40 2 · 1 -
2 20 2·9 -

3 10 1·45 -

4 4·75 2·55 20 

5 2·36 l·OO 100 

6 1·18 - 100 

7 600 J..l - 190 l 8 300 J..l - 350 
i 

9 150 J..l - 240 

~ 10 1000 

("&) l% q JcH613{0{ if ~ C!~ ICflR q"iR.tCfl Cfll, ~{"{Chi 

QqJL.i 1·2 rn t, ~<:<:14 ~ ~, 12 mrn "tl1it 
~, :ct(9Jq q ~o, :c:iSht:t fCbaz: ~ ~, ~eCflt 
et~?l 10 mm ~' P-h41 ~ 6'1 ~ ~ 3r.:G( -q 
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safe intemal pressure can be allowed in 
the penstock? Assume the permissible 
stress in weld as 1 1 0 MPa. 12 

Fillet weld 10 mm 

{c) A pretensioned concrete beam 100 rnm 
wide and 300 mm deep is prestressed 
by a steel wire carrying an initial force of 
200 kN at an eccentricity of 45 mm. 
If E 5 and E c are 210 kN/mm 2 and 
35 kN/mm 2 respectively, estimate the 
percentage loss of stress in steel due to 
elastic deformation. Assume the area of 

(d) 

steel is 200 mm 2 . 12 

(i) Compute the void ratio of sand 
1n the loosest possible state, 
considering it to be made up of 
equal diameter spherical particles. 5 

(ii) A clayey soil with specific gravity of 
2·70, has natural moisture content 
of 16 percent at 70 percent degree 
of saturation. What will be its water 
content if after soaking, the degree 
of saturation becomes 90 percent? 7 
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\ 

~ c:);fl ~ (?flll41 TTl4r t, ~ it R&l4 31~t'tl( I 
q•n-<:T<h 1l 31j)~\Q ~~ 3'it~ftq; GTif mo ~ 1 ~ 
ll 3ii~4 5I fdat<:1 110 MPa ~ iHiat< -a I 12 

RJ;;ta~ 10 mm 

(TJ) 100 mm ~ atR 300 mm ~ <{.cfct~d 

c:fislll2 ~ Cfi) <t.cf5~fdatfcla fcti41 \ifRT t ~fl41d <m: 

~, f'iteii 200 kN Cf;T ~ ~ 45 mm 

cfil 3~;:s::dl q( '{1'TJT t I ~ E s ~ E c Sfi4 ~I : 

210 kN/rnm 2 3ft{ 35kNjmm 2 ~' m 
Sk41'Pll ~~qo1 ~ (61(01 ~fl41d if 51Riat<:1 mf.t 
51fd~ld 1l ~ Cfit I ~fl41d CfiT ~51<ti<:1 200 mm 2 

"4"R ~I 12 

(~) fiJ o:;C6e4H &lie~ ,neth~ q;uit~q-;ftto~~, 

~ <t)R\ ~ 3'iCC~I if,~ 3ij)ql(1 

~ 3'i IC6<:1"i Cfit I 

{it} 2·70 "* ~ EH('Cf C:U~ l2filctilt:f4 ~ ll 
70o/o • ~ lR 511<fil'acti \ilcli~l 16°/o ~I 

"4ft f{hh"i * ~ w% CfiT. am 90o/o m 

5 

\ifffiT t, m- ata,cy: aecti• "1{'1 i~1 Fcha .. , ~, 7 
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(e) The coefficient of consolidation (Ci:J) of a 

c lay was found to be 0·955 mm 2 /min. 
The final consolidation settlement 
for a 5 m thick layer of this clay was 
calculated as 280 mm. Assuming a 
uniform initial excess pore-water 
pressure distribution and permeable 
layer to be present both above and 
below the clay layer, compute the 
settlement time for-

(i) 90 percent primary consolidation 
(take Tu = 0·848 for U = 90o/o}; 

(ii) settlement of 100 mm. 

(f) A 5 m high smooth retaining 'vall 
'"ith vertical face retains a cohesive 
backfill having unconfi,led compressive 

strength of 30 kNjm 2 , y = 18 kNjm 3 

and <Pu = 0°. Calculate the depth of 
tension crack and the total active earth 
pressure, assuming the tension crack 
has fully developed. The backfill surface 
is horizontal. 

6. (a) A circular steel pipe of 150 mm and 

12 

12 

10 tnm thick is v:elded to a rectangular , 
plate of 12 mm thick by fillet weld 
around the pipe. A vertical load of 10 kN 
is acting on the p1pc. at a distance 
of 400 mm from the weld in the 
longitudinal direction and 300 mm from 
the centre of the pipe transversely. 
Design the weld. 20 
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\ 

(:S) ~ 'JRl<:f;l CfiT ~EFH !!olict; (Cu), 0·955 mm 2 / 

min "tiTlTT TJ<n t I W ~ Rlct;l <tl 5 m "tJlit 'q"{{f ~ 

1Bv: ~ ~:h<H=i ~~C:H q;y 280 mm ~ csHI~( Cf)f 

3"f1Cf)~H fch~t Tfm i I ~ ~ ~ ~ ~ 

~a<ot CfiT Q\Che10fH Ci ~Rlct;J lffif ~ ~ Cf ~ 

qi(11R:{ -qut ~' -Q:m 10fl=id ~ f4tll~9i ~ Cf)f f.Tq- ~ 

1Bv: 3i ICfi<.YH q;"t : 12 

(i) 90°/o 5U~f?lq; et:t9i9i (U = 90o/o ~ 1Bv: 
Tv= 0·848 ~) 

(ii) 100 mm CfiT f4t::tG"i 

(-:q) ~ "3;t:qftR ~ c:ud) 5 m ~ Rfct;:ft >rffitmcfl 
c;f) cO ( 'J filet> I q lf l[f!-quq cit U <:hdl ~, Mfl ct; 1 

y = 18 kN/m 3 , <1>u = 0° 3itt ~qft~4 ~ufts"i 

ftl'iY4 30 kNjm 2 ~I o.Fr ~ ~ ~ ~ 

~ct;fftd tn TTf ~ 10fH() ~' o;R crm cfiT 11(;(1{ Cf 

~ ftfsf;G( l[GT "GR ~ Cfl=tl ~ cfit ~ 
~tl 12 

6. (Cfi) 10 mm ~ cr 150 mm ~1e ~ ~ <fdiCbR 

~fCIId ~ q;) ~ 12 nun mit 3il:tld1Cfil< ~ ~ 

~ ~ -:qfif 3"f11: fq;tZlc: ~ ct;(<f; ~ ~ ~ I 

10 kN q;y ~ 3?t4ro< mt, ~ ~ 400 mm 

ctft ~ lR 3tjl~~ ~ ~ q ~ ~ ~ ~ ~ 

~ .q 300 mm ~ lR, ~ lR ~ t I ~ CfiT 

f:s:srtl ~9'1 ~ I 20 
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(b) A lounge in an office building is circular 
in plan, supported on four columns and 
connected by circumferential beams 
at top connecting the columns. The 
diameter of circumferential beam is 6 m. 
Design a suitable slab for the above 

system, taking 5 kN/m 2 as the super
imposed load. Adopt M 20 grade 
concrete and Fe 415 grade steel. 20 

(c) (i) State the limitations of plate load 
test used for finding the bearing 
capacity of soil. 

(ii) A circular footing of 3 m diameter 
has to carry a gross load of 
4500 kN. The foundation soil is 
clayey sand having C = 8 kN/m 2 , 

<P = 30° andy= 20 kN/m 3 . Find the 
depth at which the footing should 
be placed for factor of safety of 2 · 5. 
For q, = 30°-

N c = 3 0 · 1, N q = 18 · 4 , N y = 2 2 · 4 

7. (a) Design a suitable single lacing for the 
column whose cross-section is shown in 
the figure. The slendemess ratio for the 
column is 24. Use 65 mm x 15 mm plate 
for lacing. Axial load on the column IS 

1750 kN. For the colUinn section 

r xx = 146 · 3 mm 

r =40·3 mm YY 
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I 

' 

('{9) ~ Cfil<ti<:1<t \lCR -it -fc{~-Cfie.l ~~ 1l ~"diCfll{ 

t Cf ~ ctiT<:1xil 'tR ~ t I ~ ~ ctiT<:11i arQH lR 

~ ~ ~ ~ ~ ~ ~ 1 qf\tft<t tlVI CflT Olfte 

6 m t I 5 k.N/m 2 CfiT 31~1Ufqd \lR ~Cfi{ 

34!!"Ch 0dfdc<, a:;q{l q~Rt ~ ~' a;~,~.,. Cfl"t1 

M 20 ~ cf;s#)l2: Cf Fe 415 ~ ~~ld CflT 514)'1 

Cfl"tl 20 

(TT) {i) lfGT cfrr tmUT ~ ~ ~ ~ ~ ~ lffi 
-qtt~ ct1 qft{"ftq tlt ~ ~? 

(ii) ~ 3 m OIQI{'f ql~ ~"dl<hl< "G1G "Cfll 4500 kN 

~~ \ll\Cfil~ Cfi("'il t 1-;flq~ ~lilCfilqJOt to 
t, Me4 c = 8 k.N/m 2 , ¢ = 30° 3lR 

y = 20 kN/m 3 tJ2·5~~~~~lflG 

~ Fcha=ft 'l t$0{ 'tR wr ~ "it I~((? 

Nc = 30 · 1, Nq = 18 · 4, Ny = 22 · 4 

7. (ct;) m -tt re@r~ ~ ~-Cf)R ~ CfiT<:1q ~ ~ 

aq~'ffi I:(Cfl<:1 ~ RCfii<Q q;y m~'~.,. Cfll, CfiT<:1q q;y 

didl 3ii41d 24 t I iiC.-t:fCfi ~ ~ 65 mm x 

15 mm ~ CfiT 34<il11 Cfllt CfiT<:1q tR 31~ \lR 

- 1 7 50 kN t I CfiT<:1q q ft~~ ~ ffi"(( 

r xx = 146 · 3 m.m 

r yy =40·3 mm 

5 

15 
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For lacing plate 

l CJc 
r (MPa) 

100 84 
110 75·3 

120 67· 1 

130 59·7 

--,--~--~-----1--~~~~g 
\.1 I l.J: \.1 I 1.) 

T I T 1 I 

50mm 

I I I 

I I I 

I I I 

- • - • - . . ~ - • - • - • -. - J_ . - . - • - . - -!· . - . - . - . 
I I I 

I I I 

I I I 

I I I 

..&. I ..&. 1 I L 
JSWB 350@ 599 N/m 

rt· I'\ i rL. 11 
__ .J __ _, __ .J_---- ~- -- -J--4-- -'- --

~200 mm~ : ~200 mm~ 

I< t >I< 300 mm >i< t >I 
100 mm 100 mm 

(b) (i) A group of concrete bored piles 1s 
square in plan and consists of four 
piles, each 10 m long and 500 mm 
in diameter. The piles are installed 
at a spacing of 1 m c to c in a deep 
clay deposit having an unconfined 
compressive strength of 60 kN/m 2 . 

At the tip of the pile and below, the 
undrained shear strength of the 
clay Cu = 40 kN/m 2 . The average 

unit weight of the soil and concrete 
are 18·5 kNjm 3 and 22·5 kNjm 3 

respectively. Estimate the total 
ultimate bearing load of the piles 
group. Take mobilisation factor 

20 

equal to 0 ·5. 16 
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l C1c -
r (MPa) 

100 84 

110 75·3 

120 67·1 

130 59·7 

50 m.m 

I 

I I . . 
- · - · - · . L - · -· - · - ·-~ · - · - · - · - J . · - · - · - · I . j . . 

I I . . 
I 

lSWB 350 @ 599 N/rn 

~ 200 mrn~ i ~ 200 mm~ 
J< 'f >l< 300.mm ~< 'f >I 

100 mm 100 rnm 

(m) (i) cfishl<! ~u q 1~ct1 ct;T ~~·~it cvi t 1 

~ 500 mm ~1e ~ ct 10 m ~ 

~ q1~('1 ~ ~ 1 301qftcst~ ftJ:xfts"1 ~ 

60 kN/m 2 qtcll-rmT l2RICfll f;f~it ~ q1~8 

1 rn cfiT c ~ c ~ lR ('1'11~ ~~I q1~ffi ~ 

a.r.ft lR q 3~Ch ~ ~RiCfil CfiT 3i"1qql~d 

31q~qu1 "'IDllv;f Cu = 40 kN/m 2 t' I ~ Cl 

chsflk ~ 3fmo ({CfiiCfl \ffi: Sh"i~l: 18· 5 kN 1m 3 

aTR 22·5 kN /m 3 ~I ql~€1 ~ CfiT ~ ~ 

20 

t:ji(OI 'lR ~ Cfil1 ~~&i !JUICfi 0·5 ~I 16 
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(ii) Classify the piles with respect to 
their use. 4 

(c) (i) Find the ratio of horizontal 
permeability to vertical permeability 
for a soil deposit consisting of three 
layers. The second layer has the 
permeability ten times that of the 
frrst layer and the thickness half 
that of the frrst layer. The third 
layer has thickness twice that of the 
frrst layer and permeability twice 
that of the second layer. 10 

(ii) An excavation has to be made in a 
10 m deep clay stratum underlain 
by a bed of sand . In a trial borehole 
made, the groundwater was found 
to rise to an elevation of 3·5 m 
below GL. What is the safe depth 
of excavation without its bottom 
becoming unstable due to uplift 
pressure of ground'\vater? If the 
excavation has to be made safely 
up to a depth of 8 rn, what is the 
depth up to which water table 
should be lowered in the vicinity 
of the trench? Take specific gravity 
of clay as 2·7 and void ratio of clay 
as 0·7. 10 

8. (a) In a multistoreyed building, it is 
proposed to provide a rectangular 
column of size 400 rnm x 600 mm 
reinforced with 6 numbers of 25 mm cp 
bars. Use M 25 grade concrete and 
Fe 415 grade stee l. Find the ultimate 
concentric load capacity of the column. 
What will be the ultimate load capacity 
when e min ";J> 0 ·05 lateral dimension? 
D esign the lateral ties also. 20 
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\ 

(71) (i) <fR l:ffif1 c€t «At "({CJi ~ f.{~ ~ ~ ~ 

q((11"4dl CflT ~~{{{ qj('lt4dl -e- 3iiYid lfffi 

cnt I~ "Y«l ~ ql{11"4dl q~i."ftlffil-e- Gl1 Tft 
i Ci ::sect) 4l21{ q ~dllffil -Q 3l1tft t 1 cffi:R lffil 
~ 41tl{ q5ci't"tffif -e- wRi ~ q qi(J(¥04(11 w 
'Cffif -e- wr.ft t I 1 0 

(ii) "({CJi ~ 10 m ~ ~RtC61 ~if~~ t I 

~~~-iltotl "({Cfi~~~-a~~-ij 

mq\51(?13·5 m, GL-e-~, 'll<fl'iffffitl~ 

~ ~en 115<1{, ~ lR 3{iC61 OR mq'iil<:1 ~ 

3?\al4"i GTil ~ Cf;I(OJ 3i~l4' -:r m, q<n ~? 

~ 8 m ~ 115 <1{ OC6 wf'!ffif ~ -e-~ 
Cf;(;ft 61, m ~ 'ijk1R1( q;) ~ ~ eJtflUl -q 
~d;ft 11iRi{ OCfi -;fRt Cfi("il ~~~~? ~filC6i 

~ ~ ~~ E("icq - 2·7 31){ ~ 

~j>4id = 0 ·7 -R I 

8. {Cfi) ~ ~~<H{llf ~q l(d if 400 mm x 600 mm 

3iiC6R CfiT ~ ~14diqil( q;Taq, ~ 25 mm <1> 

~ ~ 061 -e- SIG:Cff\d t. <:1 11HI Slfdl~d t I M 25 . . 
~ cfisfi\2 ~ Fe 415 "frg ~Wid CfiT 514"'1 11 ~I 

C6Ta q <fit e &irs{\ -:q'"(tl lffi ~ ~ cnt I ~ \lR 

e.1'fffi q<n tWft, ~ emi n 1-0 · 05 'Cfr~ ~ -m? 

10 

'4TW OR 31TTt CflT 1ft ~':iii~... <fit I 20 
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(b) A prestressed concrete beam of section 
250 rnrn wide by 400 mrn deep is used 
over an effective span of 7 · 5 m to 
support an imposed load of 4 kN I m. 
The unit weight of concrete 1s 

25 kN I m 3
. At the centre of the span, 

fmd the magnitude of-

(c) 

(i) the concentric prestressing force 
necessary for zero fibre stress at the 
soffit when the beam is fully loaded; 

(ii) the eccentric prestressing force 
located at 140 mm from the soffit 
of the beam which will nullify 
the bottom fibre stresses due to 
loading. 20 

(i) What do we 
consolidation 

obtain from a 
test? List the 

parameters we obtain. Describe 
how one can use these parameters 
in the design. 12 

(ii) In a consolidation test, a specimen 
whose void ratio was 1·068 
under effective pressure of 

214 kN I m 2 changed to 0·994 
when effective pressure was 

increased to 429 kNim 2 . Compute 
the coefficient of compressibility, 
compression index and coefficient 
of volume compressibility. 8 
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(~) 250 mm ~ x 400 mm lmt\ ttcf51fdcstR1d 

<hsl?t2 ~ c:fa "5f1lTCfi ~~Rt 7 · 5 m t 3lR ~ 
4 kNim ~ 341Ufqd \lR Cfl1 ~ ~ ~ ~ ~ 
t 1 cfisfik: CfiT l(cni<ti ~ 25 kN 1m 3 t 1 

~Bifd * l1Uf "il-
(i) 'iii esc fcfi tK-1 'l?fd41 mfto t, ~ q; 1 ~i4 < 5I ffiesc t-1 

~=~ 'tR 1M ~ ~ 34fCf:(liCh {iij, ... sft ~-
51 fa i( t"'t"'f ~ cf>1 "IffilT ~ ~; 

(ii) ~~ CJ;I{UJ sf<tt)'tR c6t q)j~i(( 51Ricst~ Cfl1 ~ 

~ * ~ m;:r * ~=~ ~ 140 mm cfa 
<ttl 'tR 3('Cf)~Cf> ~ Rlak1"'f GfR c:fa mm -met~ I 2 0 

(11) fiJ e~ ..... -crt\~~~~ >rm ~ t? 511~<?1, ~ 
~ '5llR ~ ~, d"'fcht ~ cFult 1 {:g~l~"'f it ~ 
511~~ CfiT 3q4)11 ~ Fcfittl ~ t, craf;l Cfit I 12 

(ii) fiqo:t"'f ~8,1UT it 1:% ~'fil, ~eil ~ a:t::XqJa, 

214 kN/m 2 ~ "5f1lTCfi G1G{ q-(, 1·068 ~, 

"5f1lTCfi ~ CfiT 4 2 9 kN 1m 2 lR esc (914 ~ ftf$ 

3i~q1a 0·994 m ~ t I euftsildl !XotiCh, 

eAft:s~ ~.qq:;jq:; Cf 3i tli('H euOwat !Xolicti CfiT 

3i ICfi<?t"'f Cfit I 8 

*** 
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1 'f'lf<h , 300 1 

~j)~!ll 

31c4cn J1H fflr41 3TTr 3i#t cWif if f§CI7 t 1 

JrR1 ~ "3?1( 3"fft mt:Z/11 if fff& ~ •cn~Q,, FJ1t~cnl 3~& 

~ 'ST<ffl-q;[ if fih211 7JCTT ~~ 3ft< w rnv:l1l q;r "P7l! 

3f#& 3Trr-~Rtcn ci; pg-rp! rn: 3itiha R~l!! ~ rrr Rh211 

\ifFrf ;:n&t!. 1 'ST<ffl-q;[ rn: 3@f&a mt:Z/11 ~ 3lRtn. ffi 3Pl 
f4:;ffl ~ if ffflff 7ft( 3Tf( rn: q;}f WI; -:rtf filM I 

JTH 8.&-11 1 3/rr s 3lRclf4 g 1 illc:fit JrR1 if Y 31C'4cn 

7SfU5 Y Ch71-Y-Ch71 l?Cf;'" J1H 3qcn< Rl;r-tf fft;r JrR1 ci; 

3tR cflfJ1 Q, I 

yf4q; JlH c}; ~ R2/d 3ict; JTH c}; 31::(( if ~ 7ft( g I 

ti4>a/~l;;c:l4ffJ 31T:Iffta ;mit if Jl~ffi ~~ ~ f?i~e g 1 

~ ~ 31ict>~ 3Jqq[R 31rfld if, at 3/i:id rrR" ~ ~ 

~ d/N#Q, 3ik 3qciJ P/~e cfJN#Q, 1 

~ 3l/Ci:t4Cf> ~, ((} 1 f4:1Hl""'{2q ( 1 kN} = 1 00 kg ci> 
31Ttm rn: ~2q Cf>1 fihcii?Jtll if qflctfffa fin41 ~ t~cndl ~ 1 

Note : English version of the Instructions 1s 
printed on the front cover of this 
question paper. 
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