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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 Questions no. 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 kilonewton (1 kN) = 100 kg, if found necessary. 
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SECTION A 

1. (a) A body of mass 1000 kg is acted upon by a force of 
80 Newtons which increases uniformly until it 
becomes 100 Newtons in 4 minutes. If motion 
starts from ·rest in th;e direction of force, find the ;:: 
velocity of the body .at the end of 3 minutes from 
the start and the distance traversed. 

(b) A steel rod of length 300 mm and diameter 30 mm, 
is subjected to a pull 'P' while the temperature is 
100°C. If the total extension ofthe rod is 0·40 mm, 
calculate the magnitude of 'P'. Take 'a' for steel = 
12 x 10-6 per oc and E = 0·215 x 1012 N/m2. 

(c) If the velocity components of two-dimensional flow 
are 

i U = - + 2x - x2y and X 3 

x3 U =xy2 -2y--Y 3 

Obtain:" 

(i) Stream function - \jl. 

' 

(ii) Discharge passing between two points (2, 3) 
and (3, 4). 

12 

12 

. 
' ' ' . 
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I 

· . 1. em 1lfli 10oo kg s;&J 4 H it m iR 1lfli so ... ＬＡＧＺＧＢｾ＠ '!iT 

f 

t ., 

<fc.'f <:Picll t ;m l!;<t>fl4H ｾ＠ it <!<f CR 4 f'l'12 if 
100 <=<rc., m- ｾ＠ t ,_* <f<.'f <lit R:m it ｒｾ｜ＱＴ＠
ｾ＠ it m ｾ＠ 31ltl:i q;mr t, {j<[ m '!iT 
31Ttl'f it 3 fi'l '1 C: it .a:fu i( Wf <!<lT m.rr <fl!ff Cffl 
ｆ＼ｨ＼ｩｾＱ＠ ｾ＠ m ｾ＠ ? 

(<f) 1lfli ｾｦｘＡｉ＼ｩ＠ 'lit ｾ＠ iF:, f-ijflq)j ｾ＠ 300 mm (fl<l 
01:!ffi 30 mm t q;$Jr 'P' WT '® t "l"l f<h 'fl!1r 
100°C t I <lfu: ｾ＠ Cli\ ¥f ｾ｡ｩｾｦＮｓＺ＠ 0·40 mm t, 
{l<f 'P' <!iT qf<41"1 ｾ＠ <ilf'i!Q I ｾＪＧｬｩ､＠ it ｾ＠
l1R Q1lMC!; 'a' = 12 x ＱＰｾ＠ ｾ＠ oc (fl<l 
E = 0·215 x 1012 N/m2. 

3 
u = xr - 2y - 35._ y 3 

ｾ＠ 'hlf"'Q; : 
( i) !WT 'llC'H - \jl. 

• 

(ii) <!J ｾ｡ｔｉ＠ (2, 3) <fl!fT (3, 4) it ｾＮ＠ <m'lT 

12 

12 

Rtfl{O! I 
12 
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(d) An open cylinder of 40 em diameter and 90 em 
height is with water level upto 40 em. 
If the cylinder is rotated at. 160 r.p.m. about its 
axis, calculate the pressure head (i) at the bottom 
of the cylinder at edge lind (ii) at the centre. of the 
cylinder at bottom. 

(e) A vertical rectangular gate is 3·0 m high and 
. ' 2·0 m wide. It is hinged· at the top. If the water is 

standing up to a depth of 1·5 m above the top edge 
of gate on one side, determine the force required at 
the lower edge of the gate so that gate remains 
closed. 

3·0m 
P __ _ 

--.""'- F (Force) 

12 
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(<::) ｾ＠ wrr· ｾＮ＠ NH"lctl "OO!lRf· 40 em (i2!T ｾ＠

90 ･ｭｾＧ＠ # 40 em 'acli. ｾ＠ ·«1< ｾ＠ I 

L 
ｾ＠ ｾ＠ '1>1 ﾷｾ＠ 31l\1" ft· WW 160 r.p.m. t[{ 
":!'1141 1p:rr ｾＧ＠ 0<! CJ<if m 'liT >iOHf ij))f.jjQ; (i) ｾ＠

ｾ＠

' 
' \ 

: 

ＭＢＧｾ＠

<1ffi lt fW t[{ 02IT (ii) ｾ＠ <l'ffi lt ｾ＠ t[{ I 12 

('1) ｾﾷ＠ &ll'liilctl\ ﾢ＾ＱｩＧｬｦｾ＠ ct%'0 3·0 'm ｾ＠ 02IT 2·0 m 
ｾ＠ ｾ＠ I '1:fQ m. 1R ｣ｴｾｬﾥｩ＠ ｾ＠ I ｾ＠ ct412 lt ｾｍｩｴ＠ HmOCfi ｾ＠ ｾ＠ ｾ＠ Ｃｾ＠ 'liiJ ｾＧ＠ 0<! ct412 lt ｦＢｬｩｬｾ＠ fW t[{ WIIQ ｾ＠ em'\ &li<'H'"l"'l <rZ'f <it ｾ＠ Clllf"'Q ｦＮｪｪＧＸｾ＠ ifi412 'i'i'<:: 31'CWlT # 'RT W I 

12 

1·5 m 

3·0 in 
l' __ -f ... ｾ＠... 
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2. (a) A railway truck is loaded so that the pressure on 

each wheel is 5500 kg weight and the centre of 

gravity of .the loaded truck is 1·5 metres above 

the rails. The centre-to-centre distance of the 

wheels on an axle is 1·75 metres. 

Find the pressure on the inner and outer· rails 

when the truck is going round a curve .of 

440 metres radius at 48 kmlhour. g = 9·8 m/s2. 

(b) A Kaplan turbine is working under a head of 

75·0 m with a speed of 160 r.p.m. The rate of flow 

for the turbine is 200·0 m3/s. The diameter of the 

runner is 6·0 m and diameter of hub is 3·0 m. The 

turbine is developing 90000 k W power. 

Determine: 

(i) Flow ratio 

(ii) Speed ratio 

(iii) Specific speed 

(iv) Overall efficiency 

(c) A trapezoidal channel has a side slope of 1 : 1. 

30 

15 

It carries flow of 12·0 m3/s at a velocity of 2·0 m/s. -

It is to be designed as most economical 

cross-section. Calculate the area of concrete lining 

for 100·0 km long channel. 15 
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2. (a:r) ｾ＠ mit ｾ＠ ｾ＠ ｾ＠ ｾＮ＠ 'l1l1tf M 1J7.!T ｾ＠ fc!i 
ｾＮ＠ ＾ｬｾｃｦｩ＠ ｾ＠ 'R ｾ＠ 5500 kg 'I1R ｾ＠ <MT 

'l1l1tf ｾ＠ "Cfj[ :!li i<l · ｾ＠ m tr2ft it 1-5 ｾ＠

ｾ＠ ｾ＠ I ｾ＠ ｾ＠ 'R ｾ＠ ill ｾＭｩｴＭｾ＠ 'hl 
ｾ＠ 1·75 ｾ＠ ｾ＠ I -

ｾ＠ ｾＧ＠ ｾ＠ ｾ＠ ｾ＠ 'R Ｎ･ＺｦＧｩｩｾｍｯａｉ＠ Gi""ll 440 ｾ＠

ｾＧ＠ 48 kmlhour it ;;rr WI m cr<r ｾ＠ <MT ｾ＠ <m'ft 
m qc:f<<il ,'R ｾ＠ crrB c;w ｾ＠ ｾ＠ i.i>JM(( 1 

g = 9·8 rn/s2. 
. 

('if) ｾ＠ ＼ｴ＼ｾＢｈ＠ ＲＺｻ＼ＱＱｾＢＱ＠ 75·0 m ｾ＠ it 160 r.p.m. 'R ｾ＠

Wt ｾ＠ I Ｒｻ＼ＱＱｾＢＱ＠ ill f"ffil: W"ITQ G\ 200·0 m3/s ｾ＠

\"1<: "CfiT CIO!ffi 6 · 0 m <MT Q'if "CfiT CIO!ffi 3 · 0 m ｾ＠

ｃＺ｜ｾｬｾＧｩ＠ 90000 kW m fc1Cfif@ Cfi\ Wt ｾ＠ I 

ｾＮ＠ Cfllf"'t( : 

(i) W"ITQ <li ::!q I <"1 

(ii) '"CIR'f <li ::!q I <"1 

(iii) ｦ｣ｪｦｾｬ＠ !'! '"CIR'[ 

(iv) flqf 11 <;a,'f<"1T 

＼ｾＩ＠ ｾ＠ wki<i"l Cllfi!Cfil 'hl m 51Cl"l<"11 1 , 1 ｾ＠ 1 ｾ＠

2·0 rn!s ill ｾ＠ it 12·0 m3/s "CfiT W"ITQ m WI ｾ＠ I 

ｾ＠ 31M Cfj(j 'l fil <"1 &l4l ｾＭ Cfi1Z ill fffil: 
ｾ＠ Cfi\'iT ｾ＠ I 100·0 km ｾ＠ Cllfl?Cfil ill f"ffil: 

30 

15 

｣ｩｬｾｴ＾ｬ＠ C: <li I 'RHo I "CfiT !\1 ｾ＠ 'h 61 ｾ＠ i.f> l M \( I 15 
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3. (a) Draw the· ＮｾＮｩ｡ｸｩｭｵｭ＠ Shear Force and Bending 
Moment diagrams for a girder of span 25·0 metres 
traversed. by a load of 2·0 kN extended over a 
length of 6·0 nietres.. 15 

• 
(b) A cast iron column of circular section of 20·0 em 

exiemal diameter and 2·0 em thickness and of 
height 4·0 metres is required to carry 15·0 kN at 
an eccentricity of2·5 em. If both ends are fixed, find 
the extreme stresses in the column section. 15 

(c) A 2·0 m wide and 6·0 m long plate moves at a 
velocity of 1·75 m/s parallel to its length, through 
a stationary air of density 1·22 kg/m3 and viscosity 
of 1·8 x 10-5 Ns/m2• 

Determine the drag force on one side of a plate 
assuming 

(i) Laminar flow boundary layer. 

(ii) Turbulent flow boundary layer. 

(d) Draw following water surface profiles of gradually 
varied flow, stating conditions justifying the ·types 

15 

of profiles : 15 

(i) M2 type profile 

(ii) sl type profile 
. 

(iii) c3 type profile 

(iv) A sluice gate in a channel with mild slope to 
supply water in a channel from ｲ･ｳｾｲｶｯｩｲ＠

C-DTN-L-DFA 8 [Contd:) 
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' • 

3. (31") ｾ＠ 25·0 ｾ＠ Cfit f<l«Jf8 ･ｭＧｾＧ＠ 'Tfi\ 1:!\, ｾ＠ 2.·0 kN 
C!iT 'lffi:· ;;ft 6·0 ｾ＠ <"11<11{ (lCf; f<lWIR<i ｾＮ＠ 11Fi1GH 
fcl;m .lJ<IT ｾ＠ I 'Tfi\ it ｾ＠ ｾ＠ 3Jql.i'qDI OW[ 

WIT <icfn ｾ＠ .a:rffig {<llfi1!!> I. 15 

(<r) ｾ＠ <t w·il ｾ＠ C!iT ｾ＠ qfl:#§<; ･ｭＧｾＧ＠ ｾ＠ 'R, 
f"'{"l<'!>l <11W '01:Jm 20·0 em a:fh: ｾ＠ 2·0 em WIT 
ﾷｾ＠ 4·0 ｾ＠ t 15·0 kN C!iT 'l1R 2·5 em Cfit 
a<'hs:;<11 it <"i'll'll Ｎｾ＠ 3li'H'l<'l> ｾ＠ 1 * ｾ＠ ｾ＠
M % ｾＮ＠ '<1<T ｾ＠ qfl:m<; i'f '1\l1 ＺｾｾｦｯｩｩｩｚＱＱ＠ <it 'W<i' 
ｾｾＱＡ＾Ｑ＠ 15 

('B) m ｾｩｦＬ＠ ｾＧＸ＼ＧＡ＾Ｑ＠ EFJ(i'j 1·22 kg/m3 ｾ＠ ＨＧ｛ｾ＠ ｾＧｬｈ＼ｩｬ＠
1·8 X w-5 Nslm2 ｾＮ＠ ｾ＠ 2·0 m ｾﾷｗｉｔ＠ 6·0 m ｾ＠
W a:r:RT ｾ＠ it 'lllli<i't 1·75 rnls it ｾ＠ it ｾ＠
WT ｾｉ＠
..m- it ｾ＠ m if q;$r owr 'W<1' ＢＧＱｾ＠ !!>. ｾ＠ 1iRit 
Sll>' f<l; 

(il fi1 {I 'l W'ITQ tWrr 'Rd ｾ＠ I 

(ii) ｾ＠ W'ITQ tWrr 'Rd ｾ＠ I 15 

(<::) ｩｬｬｇｾｉＺ＠ qf{q<ff W'ITQ it ｾﾷ＠ ｦＭｩｙｦｾｦ＼Ｙ＼Ｑ＠ 'Jf<"'' mlQ 

ｬｩＧｬｬｦｬｬｾ＼ＢＧ＠ Wi11!> ＨＧ｛ｾ＠ Ｎｾ＠ 1fC!il\. it ｬｩＧｬｬｦｬｬｾ＼ＢＧ＠ it ｾ＠
3Jqf"!Taif <it <r<iffi Sll> ｾ＠ ai1fi1<"1 <it 'f'm ｾｦＢＧｬＡ＾＠ : 15 

(i) M 2 ｾ＠ ｬｩＧｬｬｦｬｬｾ＠ <"' 

(ii) 81 ｾ＠ ｬｩＧｬｬｦｬｬｾ＼ＢＧ＠

Ciiil c3 ｾ＠ ｬｩＧｬｬｦｬｬｾ＼ＢＧ＠

(iv) ｾ＠ <11fil<'l>l i'f lk; SlqDI<il ｾ＠ ﾫＧｬｾＧｬｬ＠ Ttz ';Jfi 
<1 I fil<'l>l Cfit ｾ＠ · ¥ it 'Jf<"'' 'lll\'11 { CWIT ｾ＠

C-DTN-L-DFA 9 [Contd.] 
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4. (a) A steel beam·is of cross-section oCright triangle of 

dimension 40 mm wide and 60 mm depth having 
• 

yield point stress Y = 280 N/mrri2. Evaluate the 

Fully Plastic Moment for the condition that the 

neutral axis passes through point 'B' as shown in 

the figure below and divides the right triangle into 

two equal triangular parts. Assume that the plane 

of the load passes through the centroids of two 

triangles thus created. 

60mm 

c 
y 

Plane of the Loads 

30 
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4. ＨｾＩ＠ ｾ＠ i?fllkl '!iB 'lit ｾＭｃＡｩｬｚ＠ <'l<f ｾ＠ ｾ＠
' 

f"1lii<hl ｦｩｆ｜Ｑｾ＠ 40 mm - om 60 mm ｾＧＱＢＢＧ｜ＧＺｻ｣ｲＮｬｬｻ＠ 'lit 

ｾ＠ om i?lii"'ll l:f{N1'f ｾ＠ 5/fdcift'l Y = 280 N/mm2 

ｾ＠ I zt1 ｾ＠ ｾ＠ ｾ＠ ｾｍｉ＠ ｾ＠ ＴｻＱＵＯ＼ＢＱＱｾ＠

ｾ＠ ｾ＠ <hlf"1!!: "fcif" Ｓ｣ＡｊｾｬＢＧｬ＠ 3W ;:jM- m it 

fc;l!.llll: ｾ＠ ｾ＠ 'B' it ｾ＠ ｾ＠ om <'l<f ｾ＠ <it 

ｾ＠ <Hicif{ ｾ＠ C!ffi 'l1flTi it ｾ＠ Cfi't I <iQ l1R 
'• 

(1Jf"1!!: fi1i :m: q;r lii 11 n t1 ｾ＠ m mco ey;rr ｾ＠

ｾ＠ <l;s;:q;j it ｾ＠ :lfl<nl ｾ＠ I 30 

ｾ＠ 40mm --------i n 

60mm 

n 

c 
y 
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(b) If the velocity of the flow through orifice is 
dependent on diameter of orifice (D), head (H), and 
acceleration due to gravity (g), by using 
Buckingham's method, frame the equation of 
ｶ･ｬｯｾｩｴｹ＠ through orifice. 

(c) Water is flowing through two pipes one of 10 mm 
diameter and second of 5 mm diameter and both 
are dischargingin 12 mm diameter pipe. The rate 
of .flow in 10 .mm diameter is .1·0 c.c./s. If the 
Reynolds number for 12 mm diameter·pipe flow is 
4000, determine the rate of flow in 5 mm 
diameter pipe. Consider kinematic viscosity equal 

15 

to 6·5 x 10-7 m2/s. 15 

' 
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(<!) "11f<:: 31TftfihB it ｾ＠ ｾ＠ CfiT ifrr, 3ilf<f<llB i:\; 

O<!ffi (D), mq ＨｈＩｾ＠ :f't<flll i<j{UI (g) 1:[\ f.!$: 

'!i\<lT it. (!<[ 'll4i""""' <it f<lfir. it m crut ｾ＠
31 IRflhB it ｾ＠ ｾ＠ Clffi itT i:l; ful;· w:fl Cfl{" 1 

ｩｬＧＢｬｬｾｬＡ＾＠ I 

em G't '"lft1Cfllait ｩｦﾷｾ＠ Qqlfi?ct it wr ｾＮ＠ ｾ＠ CfiT amr 

10 mm ｾ＠ .(l2IT ｾ＠ CfiT amr 5 mm ｾ＠ ｾ＠ G);IT \it 
ｾ＠ 12 mmO<!rn <m'ft '"lft1Cfll if f.H"fi{UI ｾ＠ ｾ＠ I 

10 mm O<!ffi <m'ft '"lft1Cfll if ｾ＠ 1·0 c.c./s ｾ＠ I 

<m:: 12 mm amr 'fit '"l ft1 Cfll if ｾ＠ i:l; fu1; Ｂ＼ＧＢｉｉｾ＠ *I 

fi&ll 4000 ｾＮ＠ (!<[ 5 mm amr 'fit '"lft1Cfll if ｾ＠
G{ ｾ＠ <ilf"'l( I l1R JiM(( 1lJ>OS:'IHCfi ｾｬｩｈ｣ｴｬ＠

6·5 x w-7 m% ｾ＠ I 

15 

15 
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SECTION,B 

5. (a) A pretensioned beam 250 mm wide and 300 mm 
deep. is prestressed by 12 wires each of 7 mm 
diameter initially stressed to 1200 N/mm2 with 
their centroids located at 100 mm from soffit. 
Estimate final percentage loss of stress due to 
elastic deformation, creep, shrinkage and 
relaxation using IS 1343 - 1980 Code and the 
following data ; 

Relaxation of steel stress = 90 N/mm2 

E
8 
= 210 kN/mm2, Ec = 35 kN/mm2 

Creep coefficient q, = 1·6 

Residual shrinkage strain = 3 X w- 4 

(b) Design the battens for top chord member of a steel 
bridge truss. It is 6 m long and subjected to an 
axial load of 600 kN. Slenderness ratio is 
limited to. 70 - 90. Allowable compressive stress = 
·100 N/mm2. The member consists of 2 ISMC 175 
with a steel plate of 240 x 8 mm at top. 

12 

12 
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5. (31) ｾ＠ 'icl<1'i'1 'lit lJ{ ｾＧ＠ ｾ＠ 250. mm ｾ＠ ｾ＠-
300 mm ｾ＠ t, <it 12 <lRf -B f·"H<'hl !>i<il<t> "<'hT 

Olfffi 7 mm t, 1200 N/mm2 ｾ＠ Ａ＾ｬｦｩｬＢＧｾｬ＠ rnT ｾ＠

!>lfil"'\'H f<h<rr lJ'lT t I B <lRf ｾ＠ ｾ＠ ｾ＠ -B 
100 mm 'R ﾷｾ＠ ｾ＠ I IS 1343 - 1980 <its ｾ＠
f.1fcf1 .,. 8 <i1 {9<1 3il<'h91 : 

ｾｦＴＱ＼Ｑ＠ !>lfil"'<"1 'lit fcr.mfu = 90 N/mm2 

E
8 
= 210 kN/mm2, Ec = 35 kN/mm2 

1fc:: ｦｱｾｱｯｬ＠ 2"1i<'h ｾ＠ = 1-6 

ili<lfm! B:lJ''-H ｾ＠ = 3 x w- 4 

"<'hi m ｾ＠ ｾＧ＠ Ａ＾ｬＨＧｬｬｬｾ＠ ｦｱｾｱｏｉＬ＠ 1fc:: ｦ＼ｪｾｱｯｬＬ＠

B:lji:H ｾ＠ fcr.mfu ｾ＠ i'f)\{0 I affir:T !>IR1 ｾＱ＼Ｑ＠ !>lfi1"1<"1 

QTf.r "<'hT 31 I <'h <"1"' ij)1 f"''ll: I 12 

(<f) ｾ＠ ｾｦＴＱ＼Ｑ＠ ｾＢ＠ ｾ＠ ｾ＠ ｾ＠ 3ii'P:ICl ｾ＠ fWl: "''ffi 
' 

(Battens) "<'hT ｾ＠ 'li1Mll: I 'lQ 6 m '\'i<rr t ｾ＠
ｾ＠ .'R 600 kN "<'hT ﾷｾ＠ 'l1R <"1 11141 lJ'lT t I 

ｾ＠ (1iM) 3ij41<1 70-90 (f<'h +flf'l<1 t I ｾ＠

B4k1 !>lfi1"1<"1 = 100 N/mm2 t I 'lQ 31Cl4Cl · it 
ISMC 175 -B 'RT t f"''Bil> m 'R 240. X 8 mm 'lit 

ｾｦＴＱ＼Ｑ＠ W wiT t I 12 
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Y 240 X 8 

x-- --.x 
ISMC 175 

Properties ofiSMC : 

A= 24·38 cm2 Ixx = 1223·3 cm4 

w = 19'1 kg/m I = 121·0 cm4 
yy 

tr= 10·2 mm 

t = 5·7 mm w 

r =7'08cm 
XX 

r = 2·23 em yy 

C-DTN-L-DFA 

c = 2·20cm yy 

Allowable Stress in 
1/r Axial Compression 

. N/mm2 . 

70 107·5 

80 100·7 

90. 92·8 

100 84·0 

110 

120 

130 

140 

75·3 

67·1 

59·7 

53·1 

16 
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Y 240 x8 

-x-- --X 
ISMC 175 

' 
I 
' 

ＭＭＭＭｾＺＭＭＭ［ＭＹＭＰＭｾＱｾ＠ <ffiT 

y 

ISMC ＥｾＺ＠

A= 24·38 em2 

w = 19·1 kg/m 

tr= 10·2 mm 

t =5·7 mm w 

C·DTN-L-DFA 

l/r 

70 

80 

90 
100 

110 

120 

130 

140 

Ixx =.1223·3 em4 

I = 121·0 em4 
yy 

r =7·08cm XX . 

r = 2·23 em yy 

e = 2·20 em yy 

ｾ＠ Iii <fl:s"l it ｾ＠
Qfui!l<"! Nlmm2 

17 

107·5 

100·7 

92·8 

84·0 

75·3 

67·1 

59·7 

53·1 
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(c) Design a short concrete column to carry an axial 

factored load of 1600 kN. Use M 20 concrete and 

Fe 415 steel. Unsupported length of column is 

3m. 

(d) A partially saturated sample from a borrow pit 

has a natural moisture content of 15 percent and 

bulk unit weight of 1·9 glee. The specific gravity of 
• 

solids is 2·70. Determine the degree of saturation 

and void ratio. What will be the unit weight of the 

sample on saturation ? 

(e) A masonry dam has pervious sand as foundation. 

Determine the maximum upward gradient, if a 

factor of safety of 4 is required against boiling. For 

ｾｴｨ･＠ sand the porosity, 11 = 45% and specific gravity 

of solids, G8 = 2·65. 

6. (a) For the retaining wall shown in figure, the 

retained soil is well drained sand having unit 

weight of 16 kN/m3 and angle of repose 30°. 

The safe bearing capacity of the soil below is 

170 kN/m2. The coefficient of friction between 

concrete and soil below is 0·73. 

12 

12 

12 
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I 
I 
I 
I 
I 

r 

;r 

... -f 
' 

--

(tr) ll!l>- ｾ＠ ciil'hl2 Wi q;r ｾ＠ <fi1Mq: -;;IT 
1600 kN q;r ｾ＠ i!if'l<i 'lW: ｾ＠ 'li«<T * I M 20 
ciis:lik W!T Fe 415 W11 fl q;r m <fi1f"'l!> I Wi q,'j' 

3R1mfuf ｾ＠ 3 m * I 12 

C<::) ll!l1 '@flH -B mm:. ｾＨ､＼ｻＧｬ＠ Ｍｾ＠ it l11<ff<'1'1l ;p:it q,'j' 
11m 15 ＾ｬｦ＼ｩｾｬ､＠ W!T 2ilc!i q:'lli'll 'lW: 1·9 glee* I 
im m ｱ［｛Ｇｾ＠ ｾ＠ 2-10 * 1 fi(d<{i<i q,'j' 
q;)g- W!T ftfu> 3i j4 I fl ｾ＠ <fi1 f'i1!!.: I fi (d<{'l "?f.r 'R 
ｾ＠ q;r q:ifl i"' 'lW: 'PIT Q'Mr ? 12 

(<:f) ll!l1 ｾ＠ ｾ＠ q,'j' -;fiq q I{'IRl ｾ＠ q,'j' * I ;ffi:: 
Cfi"l''l<i ｾ＠ ｦ｣ｬｾ＠ OS: 3ii<Wlifl ｾ＠ ｾｯ＠ I'll 4 it, ｾ＠
ｾ＠ ｾ＠ li<'IOI<JI ｾ＠ <fi1f';jq: I -.mt ｾ＠ fuli.: 
ｾｭｲｲＬ＠ 11 = 45% rr21r iffii q;r ｾ＠ ｾＧｈｴ｣ｬＬ＠

G = 2·65 * I s 

6. (-3l) m it ｾ＠ ｾ＠ ＾ｬｦ＼ｩｾｬ＼＼Ｂｬｬ＠ m- it, ｾ＠ ｾ＠

ll!l1 flRl<"ll 3i 4 <'II f<: fl ｾ＠ * f"! fi <"Ill ｾ＠ 'lW: 
16 kN/m 3 <'f2!T f<flJ!l11 itur 30° t I ｾ＠ q,'j' ｾ＠ q,'j' 
ｾ＠ 't1RUT l\'!lffiT 170 kN/m 2 t I chl'hl2 W!T -;fti( 
q,'j' ｾ＠ ｾ＠ <itT< ｾ＠ Tli<"ll 0·73 * I 

12 
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Find the factor of safety against sliding arid overturning. Find eccentricity associated with vertical load. Check that thickness of stem is sufficient and fin.d vertical steel required in stem at its base and at 2 metres from top. Ignore passive pressure while checking stability. 
sketch showing the steel of stem. 

.<:« 

' ' 

.Draw neat - Ｌｾ＠

. 

4m 

0·55 .m 1·6 m 

0·45 m 
'-

.f----1 m-----{ .!'---1·6 m --t 0·4m 

30 
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"B'fuT w,rr ＳＧｪｱｱ＼ｦｾ＠ ｾ＠ ""llf<r Wl$ "T"f<li· ｾ＠ ＼ＢｨｬｲＭ＾ｾｱＺ＠ 1 

"3lt:IT!OR 'lffi it ｾ＠ ＼＾ｾｓ｜＼ＱＱ＠ ｾ＠ <'hlNiq: I ;;jfq 
＼ＢｨｬｲＭ＾ｾｱＺ＠ f<n ＢＳ＾ｾ＠ ｾ＠ 'lit ｾ＠ ｱ＼ｾｦｾ＠ ｾ＠ &IT ＢＳ＾ｾ＠ ｾ＠

ｾ＠ Wm -tf\· ｾ＠ f!<P!H it 2 "!ftc\ ｾ＠ 31i<Hl!Cil 

ＢＳ＾ｾ＠ ｾｦｬＱＱ＼Ｑ＠ ｾ＠ ｾ＠ <"hlr"'q: I Rf%'"1 C!Ff tf\ ｾ＠

-;r ｾ＠ ;;j<f ""JI Pl «1 'lit ;;ffq <i\ W Ｍｾ＠ I ＢＳ＾ｾ＠ ｾ＠ "#_ 

ｾｦｬＢｬｬ＼Ｂｬ＠ ｾ＠ ｾ＠ Ｍｾ＠ ""'T.£9 ｻＧＡｓｬｩｒｬｾ＠ ＧｈｉｾＡＨ＠ I 30 

. 
ｾ＠

. 

• 

' 

4_m 

. 

. 

0·55 m 1·6 m . 
-

0·45 m 
C<-

-I'-- 1 m --.f .f-- 1·6 m ---.1{ 
· 0·4m 

C-DTN-L-DFA 21 [Contd .] 

www.examrace.com

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

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


(b) '(i) 

--

A strata of normally consolidated clay of 
thickness 3 m is drained on one side only. 
It has a hydraulic conductivity of 
k = 5 x 10-8 cm/s and coefficient of volume 
compressibility mv = 125 x 10-2 cm2/s. 
Determine the ultimate value of the 
compression of the stratum assuming a 
uniformly distributed load of 250 kN/m2 

and also determine· the time required for 
20 percent consolidation. 20 · 

(ii) How is consolidation different from 
compaction ? What do you understand by the 
terms - immediate settlement, primary 
consolidation and secondary consolidation ? 10 

7. (a) Figure shows the cross-section of a plate girder. 
The shear force at this section equals 800 kN. 
Using 20 mm diameter bolts design (i) Flange to 
web connection, (ii) Flange angle to cover plate 
connection. 

360 X 20 
20 mm ｾｾＺ］［］Ｚ＠ ｣ＺＺＺＺＺ［ＺＺｴ］Ｚ［Ｚ［Ｚ］ｬＺＺ［ＺＺＺｾＮＮＮＭＲＰ＠ mm 

1800 

20-;;::r ｾｴ＠
80 

- Edge of the web 

- Edge of the web 

tl+-
80 360 X 20 

30 
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' • 
I 

ＨＢ＼ｾＩ＠ (il ｂｬＧｩｬｾ＼ｬＺ＠ <i""lf.l<l '2R1illl «R ｾ＠ 3 m -.ITit t 
it>C!<"'l ｾ＠ m if· 3jqqlf%<1 t 1 ｾ＠ '*'114 

"11<.1'1><11 k = 5·x 10-8 crn/s 11m 3114<1"1 

<"i4ls4<11 :!"liill m = 125 x 10-2 cm2/s ·t I 
. ｾ＠ v 

. tzi!lB'iH ｾ＠ '111\ 250 kN/m2 fi Stz, «R 

q;r "1\11 <"i4ls"1 llR ｾ＠ <"tilf-Jttz 11m 20 ^Ｑｦ＼ＱｾＱ＼Ｑ＠

'(j ""1 "1 "1 if; fu"Q: Ｓｍｾ＠ 4 ill ｾ＠ Cfit ｾ＠ ｾ＠

<"tilf-Jt tz I 

(ii) <i""1"1"1, <i\1"1"1 it ｾ＠ fi:ffi t ? gtr '<fu-R, 
];[1\!lf'lill :8""1"1"1 <l2IT ffi:ffi4ill fi>H"1 ｾ＠ it 31T'l" 

op:rr ｂＧｩｾ､＠ W ? 
7o (31) ｾ＠ if ｾ＠ W l"Jil: it ｱｦｴｾ＼ＺＺ＠ Cfit fG:'!!ll41 Tf4T t I 

ｾ＠ 4R<J<:: lR 314(<>401 Offi 800 kN if; iiHiiiH t I 

0 20 mm 01ffi1 if; iill "i'.l CfiT m ｾ＠ Stz ｾ＠
<"tilf"' tz : 

(i) ｾ＠ it ilzT fi<fl'JH, 

(ii) ｾ＠ ｾ＠ it 3liC{{UI ｱｦｾｩｬｬｬ＠ fi<fl'Jl"1 I 

360 X 20 

20 

10 

30 

r 
1800 

0 ... 
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(b) (i) 

(ii) 

Explain clearly the· difference between the 
active earth pressure and passive earth 
pressure. Give two examples of each state. 
A retaining wall 6 m high, with a smooth 
vertical back is pushed against a soil 
mass having ｣ｾＺ＠ 40 kN/m2, f: 15° and 
y : 19 kN/m3. What is the total Rankine 
pressure if the horizontal soil surface carries 
a uniformly distributed load of 50 kN!m2 ? 
What is the point of application of resultant 
thrust? 20; 

8. (a) Design a two way slab of size 3·5 m x 4·5 m to 
support an imposed load of2 kN/m2 and floor finish 
of 1·0 kN/m2• Two adjacent edges of slab are 
Qiscontinuous. 
Assume moderate exposure condition. Use M 20 
grade of concrete and Fe 415 HYSD bars. Assume 
depth as per L/d ratio. Adopt 10 mm dia bars. Safe. 
shear stress is given as 0·40 N/mm2. Draw one 
typical cross-section along longitudinal direction of 
slab and show details of steel. Use following data for 
calculating moment : 

Short span coefficient ax 

LyfLx Negative Positive . Long span 
coefficient ay moment at moment at 

continuous edge mid-span 

1·2 0·060 0·045 0·047 

1·3 0·065 . 0·049 0·047 . 

30 
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:: 
I 

I: 

·: 
I 

'. ' 

-- IU U 

(<r) Cil fi f9t;11 "Wr ｾ＠ (l2IT f.1 f%11 "Wr ｾ＠ ｾ＠ atR 'lit 
-m ＧＱＱｬｾｴＡ＾＠ I ｾ＠ ｾ＠ it :fffil: ｾ＠ 3C::I(l\OI 

ｾｾｴＡ＾ｬ＠ 10 

(ii) Ｍｾ＠ ＾ｲｦｵｾ＠ Mffl 6 m ｾＭＭｾ＠ (l2IT Ｍｾ＠ ｾ＠

. ﾢ［ｾ＠ lJ'6 fil%01 ｾ＠ I ｾ＠ ｾ＠ ｾ＠

S::"'14H it fcw.& <t't('ll ｾ＠ ｾ＠ f::>mit :fffil: 
c':= 40 kN/m2, f = 15• ｾ＠ y = 19 kN/m3 ｾ＠ I 

'lfi:: P ｾ＠ lJ'6 'R Qffifi 4H ｾＭ 'llR 

50 kN/m2 "('IT[ \tlT it, ('!<[ m ｾ＠ ｾ＠ fih<HI 

ｾ＠ ? qfl:o111:i1 >JUiR CfiT WlR ｾ＠ 'F!T ｾ＠ ? 20 

s. (31) <l'IIUN\'1 'IW:. 2 kN/m2 (l2IT ｾ＠ qfl:"'tif<"l 1·0 kN/m2 

'lit ｾ＠ <lif.t it :fffil: 3·5 m x 4·5 .m f&:41'IT 'i§(1q('; 
ＨｾＩ＠ CfiT 31f'IJCfl0Fi q:,'Jr"1t!> I 'J(1qc ＨｾＩ＠ it ｾ＠
Wrif ｾ＠ affiim ｾ＠ I 

3Gl\ J:MTCH ｾ＠ CfiT l1H ＰＱｾｴＡ＾＠ I M 20 'lilft it 
ch¢1>lc (l2IT Fe 415 HYSD ｾ＠ CfiT wWr <ilf"1t!> I 

ｾ＠ L/d 61jql(1 it ｾ＠ l1H 01f"1t!> I 10 mm 

arm <tt ｾ＠ m ＼ｩｬｾｴＡ＾＠ I R'(lqe: 3jq'(<'qOI Qf(lcij('l 

R<rf 1J<IT ｾ＠ 0·40 N/mm2 I 0(1q('; ＨｾＩ＠ it Ｎ＼ｬＧｬｪｾｅｬ｛＠
ｾ＠ CfiT ｾ＠ Q I '&' fil Cf) 6'1 jQ f\'1 CfiTC ｾｻｦｩｩ＠ t!> (l2IT ｾ＠ flll i1 
it fclq'(DI CfiT ｦＨ［｀ｾｴＡ＾＠ I ｾ＠ it 3i1Cfi('l"l %g 
f.1 '"'i re1 r{ij (1 3=ltct>sT Cfjf m '*'l ｾ＠ t!> = 30 . 

ｾ＠ ｦ｣ｬｾｒｬ＠ ｾｯｬｩ＼ｬｬ＠ ax 
-zyf R1 *<!: Rl 

Ly/Lx "flmf fc!;;:ffi 'R ｾＭ fcl *<J:Rl 'R ｾｯｬｩ｣ｴ＾＠ ay 
'ff01k·4q, ｾ＠ ＧｴＱＢｩｩｾＴｃｦＩ＠ ｾ＠

1·2 0·060 0·045 0·047 

1·3 0·065 0·049 0·047 
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• 

(b) (i) A group of nine piles, 12 m long and 
250 mm diameter, IS to be arranged in 
a square pattern in clay soil with an 
average unconfined compressive strength of 
60 kN/m2. Work out the centre-to-centre 
spacing of the piles ·for a group efficiency 
factor of 1. Neglect the bearing at the tip of 
the piles. (For cu = 30 kN/m2 assume 
adhesion factor a = 0:9) 

(ii) What is a "standard penetration test"? How 
IS the data obtained from the standard 
penetration test utilized m ｦｯｵｾ､｡ｴｩｯｮ＠

20 

design? 10 
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-
r 

(Of) (i) ;:f)- ｾ＠ it 1l:'li ﾷｾ＠ <it, ｾ＠ 12 m ｾ＠ "ff2IT 

250 mm Cl:Jffi 'liT ｾＬ＠ ｾ＠ 12Gf ｾ＠ 1l:'li 

C1•1f<liR Ｚ＾ＱＱｾｦ＼Ｑ＠ if Oljq'f'lllflll1 M ﾷｾ＠ ｾ＠ I 

12Gf 'liT :>1tnf'll1 titils'1 Bl'lvf 60 kN/m2 ｾ＠ 1 

ｾ＠ ｾ＠ TlCii 1 it Rom: ｾ＠ it ｾ＠ it 
l1Ui ｾ＠ ｒ＼ｬｩｬｦｾｬｬ＾＠ 1 ｾｩｴ＠ amf it 'QROT <it 
'1'1"'1 ｾ＠ I (cu = 30 kN/m2 it ft;m: 

:311ti<lH ｾｏｉｃＡｩ＠ a= 0·9 ｾＩ＠ 20 

(ii) "I'IHC!i ｡ＺｩＱＱｴｦｾｈ＠ ｾＢ＠ 'F!T ｾ＠ ? ;:fiq 

ｾ＠ ｾ＠ 111'1C!i ＳＺｩｴＱｃｦｾｈ＠ ｾ＠ U ｾ＠
:>1i<li9'i 'liT %?t •w:i'l•1 &<IT ;;rrm ｾ＠ ? 
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. . 

ｾＴＴ＠ : rfR fllJtl lra0fm , 3oo 1 

Ｓｬｪ｡ｾｾ＠

.!Jti/(f) .w.r ｾ＠ 3/k :#3ff c:Rf if ffClT ｾ＠ I 

!J'RT ｾ＠ 3fR" :fflt 47!:44 if ffflff JtFJ- fll%e. 
fJtft(f)/ Jffi& :mr:ms wm-ra if ｾ＠ 1T4T ｾＭ
3/k ｾ＠ 41!:44 (fif ｾ＠ Jffil& 3fR"-!jffl(f) &; . 
:fi&"-IJIO fff ｾ＠ Af& ?WR. fff mx:rr JrRT 
wf[ie 1 wm-ra fff 3&tf0:tct 1fJU:/4' &; 31fdRw 
3R! fflRft 1fJU:/4' .if ffflff lJl! 3fR" fff q;)f 3iq;" 
rygr filifi} I 
w.r ?1'<!41 1 3/k s 31HC/I<f "! 1 <mtft !J'RT if 
"ft !Jti/(f) l&rTS "ft (f)4-"ft-(f)4 1?<5 JfR ＡｪｦｬＨｦＩｾ＠

Rb<ti)" rfR !J'RT &; 3fR" cflfJte I 
uti/(f) w.r &; WI! A4C1 3kP w.r &; 3Rf if Zl! 
lJl! "! I 
＿ｩｩ｢｣ｴ［ＢＢｾ］ＦＮＺ＾ＭｲＮｬ､ＢＢｃＱＺｦｬＭｾ＠ u'df8m :wit if ugw "!. 3RmT 
At&"! 1 
ｾ＠ WCJ 3iTcP$ 31q4ftct m fff. ?IT JRm· 4R 
?<rd ｾ＠ CR c4lfJte :HkJ'"!aiJ At& mlfJte 1 
ｾ＠ 31/d!N(f) efr. ctT 1 fcbdJrw:-'"1 (1 kN) ｾ＠ 100 
fcbdJl!/4 (100 kg) "ffi 3fTWX fff "'l,C'"I aiJ" 
Rbdlm4 if qR<:ifd'n ｾ＠ JfT fl(f)C11 ｾ＠ I 

J 
T 

j 

＼Ｚｾ＠
1 

J 
===========:) 
Note : English version of the Instructions is printed on 

the front cover of this question paper. ,. 
I 
l 
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