
fafa uffrut/ CIVIL ENGINEERING 
TY4-4T I/ Paper I 

Time Allowed : Three Hours 

Question Paper Specific Instructions 

Candidate has to attempt FIVE questions in all. 

Please read each of the following instructions carefully before attenmpting questions : 
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in 
ENGLISH. 
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The number of marks carried by a question /part is indicated against it. 

3Yfyh4 3j5: 250 
Maximum Marks : 250 

Questions no. I and 5 are compulsory and out of the remaining, any THREE are to be attempted 
choosing at least ONE question from each section. 
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Answers must be written in the medium authorized in the Admission Certificate which must b 
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. N 
marks will be given for answers written in a medium other than the authorized one. 
Wherever any assumptions are made for answering a question, they must be clearly indicated. 
Diagrams / Figures, wherever required, shall be drawn in the space provided for answering th 
question itself. 
Unless otherwise mentioned, symbols and notations carry their usual standard meanings. 
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a questio 
shall be counted even if attempted partly. Any page or portion of the page left blank in th 
Question-cum-Answer (QCA) Booklet must be clearly struck ofT. 



Q1. (a/ 

(b) 

Th ABCD SI Hth týg 3H'g aHIgU 3Îr atfu u H4 A, B, C 3ì 

(T faHí mm ÀI) 

A 
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40 

40 

80 

D 

SECTION A 

80 

B 

80 

Draw the free body diagram of link ABCD and determine all reaction 
forces acting at A, B, C and D of the assembly shown in the figure. 
(All dimensions are in mm.) 

480 N 

B 

80 

T40 

2 

40 

480 N 

C 

40 

|A 

B 

D 

80 

40 

E 

80 

10 



(d) 
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A horizontal cantilever beam of length 2L has its free end attached to a 
vertical tie rod of length L and area A', which is initially unstrained. If 

the moment of inertia of the cantilever beam is I, determine the load 
taken by the tie rod when a uniformly distributed load of 'w per unit run 
is placed on the inner half length of the cantilever. Modulus of elasticity 
for the tie rod and cantilever beam is E. 

A 

D 

AI 

-7 m 

, w/unit length 

7 m 

C! 
-7 m 

C! 
-7 m 

D 

A 

D 

3 

B 

Tie rod L 

Caleulate the maximum bending moment at points C and D' if the five 
loads of 160 kN equally spaced at 152 m, cross the beam from right to 
left. 

160 kN 5 

f, = 250 MPa fs | ISA 65 x 65 x 6 TUrTH: 

1-52 152 152 152 

-14 m 

5 of 160 kN 

152 152 152 l52 

B 

14 m 

10 

Fe 410 s * # IE-A1U yfsa ISA 65 x 65 x 6 Å 4HI ZH I UG dH Haud 

B 

10 



A =744 mm", C, - 181 mm, Yo0 = 11. Ymi = 125 

Tab = lA,vg f/3 Ynno+ 09 A, f,/Ynt 

65 mm 
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8 mm HT4 qfg 

65 mm 

A tie member of 

ISA 65 x 65 x 6 of Fe 410 grade, is welded to an 8 mm gusset plate. 

Design the weld to transmit a load equal to the full strength of 
the member. Assume shop welding. Take weld size as 4 mm and 
f, = 250 MPa, properties of ISA 65 x 65 x 6 are: 

A = 744 mm², C, = 181 mm, Ymo = 11, Ym1 = l25 

Tab = lAyg fy/(V3 Ymo) + 0:9 An fu/ Ymil or 

Tab = [09Ayn fu/(3 Ym1) + Atg fy/Vmol 

ISA 65x 65 6 

truss consisting of an angle-iron section 

8 mm Gusset Plate 

4 

C181 mm 

ISA 65 x 65 x 6 

ISI mm 

10 



Q2. 

(e) 

(a) 
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(i) 

(ii) 

300 mm 

300 mm 

4w (N-mn) 

A 

(ii) 

The plan of a ground floor column in a building is shown in the figure It 

is desired to reduce the longitudinal bar diameter from 30 mm to 20 mm 

above the sccond floor level. Design and detail a suitable lap splice. 

Assume M25 grade concrete and Fe 500 grade steel. 

(iv) 

600 mm 

600 mm 

w (N/m) 

2 m 

(a) 

86 E @ 200 dc 

5 

30 o (6 Nos) ZHf ift f 

20 6 (6 Nos) Z4ft Hf4 AT 

80 ties @ 200 cdc 

30 o (6 Nos) below second loor 

20 o (6 Nos) above second fioor 

B 

50 mm 

P 

150 mm 

(b) 

10 

150 mn 

50 mm 



(b) 

(c) 

A 

A T-section beam is constructed by gluing two pieces of wood togeth 

shown in the figure. The maximum stresSs in the glue joints is t as 

4w (N-m) 
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limited to 2 MPa in tension and maximum shear stress is to be limited 

to 1·7 MPa. 
i) Determine the stress components on element at point P. Point spy 

is located at glued joint. 
(ii) Determine principal stresSes at point P. 

(iii) Show these stresses on properly oriented 2-D elemnents. 

(iv) Determine the maximum value for load 'w. 

A 

A 

w (N/m) 

2 m 

(a) 

300| 

L 

w/unit length 

HH Áf| E =2 x 10° N/mm² fu| 
500 

L 

Chinge 

6 

For the beam shown in the figure, find the reaction at C and draw the bending moment diagram for the beam. 
Take EI = Constant. 

B 

L 

B 

6�25 

50 mn 

B 

P 

150 mm 

(b) 

20 

130 mm 

50 mm 

10 



Fe 500 3U1A feU 

M, = C 

i=1 

2 
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X 

Fe 500 fes fAfee fafaai frheA ufAA 

fazfa 
0-000 

0-00174 

0-00195 

0-00226 

0-00277 

0-00312 

0-00417 

0 87 f, 
4 0002 

300 

sfddi (MPa) 

0:0 

347-8 

369-6 

391-3 

413-0 

423-9 

For the column section shown in the figure, determine the design 

strength components corresponding to the condition of balanced failure 

Assume M25 grade concrete and Fe 500 grade steel. Consider loading 

eccentricity with respect to the major axis alone. Assume & ties and 

10 mm clear cover. Take E.=2x 10º Nmm 

434-8 

500 

7 

80 ties 

6-25 

20 



For Fe 500 steel := 

C, = resultant foree in concrete 

i=1 

M,=C 
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i=1 

2 

Ai’ Area of steel in ith row 

A 

y; ’ Distance of ith row of steel from the centroidal axis 

Design stress at specified strains for Fe 500: 

Strain 

0-000 

0-00174 

0-00195 

0-00226 

0-00277 

0-00312 

087, 

0-00417 

2 m 

4 kN 

+ 0-002 

2 m 

EI=4a 

Stress (MPa) 

0-0 

347-8 

369-6 

391-3 

413-0 

423-9 

434-8 

8 

6 m 

T77777TO 



(b) 

Analyse the continuous beam shown in the figure by slope-deflection 

method. Draw the Shear Force Diagram (SFD) and Bending Moment 

Diagram (BMID). Also caleulate point of contra flexure in BMD 

A 
2 m 

4 kN 

EI= constant 

2 m B 

E,= 2x 105 N/mm2 
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6 m 

300 x 500 mm (THT) ATH14 t vah |GItad Jafta h1Z T EÌ Fe 500 T3 

M25 fTU Ht BGi fs T sfddeT (Thl= 1·4 MPa 

EI= constant 

E,=2 x 10º Nmm? 

A simply supported reinforced concrete beam of size 300 >x 500 mm 

(effective) is reinforced with 4 bars of 16 mm of Fe 500 grade steel. 

Determine the anchorage length of the bars at simply supported end if it 

is subjected to a factored shear force of 350 kN at the centre of 300 mm 

wide masonry support. The concrete mix of grade M25 is to be used. 

Bond stress (thd) for plain bar for M25 = 1·4 MPa 

20 

10 



vh d44 3444A ISA 75 x 75 x &8 3H414 a Hzg aIz-uit 

3TA 1 TYA yact (f) = 250 MPa s A44 Ttddt (f,) = 41o MP. 

40 

75 
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faa (a) 

B=1-4-0-076 

75 

a = 07 �H alei fqU 

8 

b = 44Equ q9dAI STS 

>0-7 

10 

y 

k L= 250 

i000000 

fe (b) 

3 



A tension member consists of two angle-irons, back to back, of size ISA 75 x 75 x 8 and is connected to the same side of a gusset plate by a single row of six 20 mnm diameter bolts as shown in the figure. Calculate the load carrying capacity when the t wo angles are tack-bolted. Yield stress of steel (f,)= 250 MPa and 
Ultimate tensile stress (f,) = 4 10 MPa 

40 

35 

Given : 

Gusset plate 

75 

Figure (a) 

B= 1·4-0-076 

-Tacking bolts 
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75 

where, w = outstand leg width 
b = shear lag width 

a = 0:6 for one or two bolts 

a = 0:7 for three bolts 

L = length of the end connection 

. = 0:8 for four or more bolts 

fy Ymt 
>0-7 

11 

1 

1 

Gusset Plate 

L,= 250 

Figure (b) 

3 

20 



Q4. (a) 

(b) 

(c) 

( VH sÌ.) aA13U | g B CGAA D 3HTG}| 
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B 

3 m 

(A) 

A 
T7t777 

(D) 

B 

3 m 

2 m 

Analyse the frame shown in the figure by the noment distribution method. Draw the Bending Moment Diagram (BMD). Joints 'B and " are rigid: 'A and D' are fixed. 

A 

40 kN 

21 

2 m 

3 m 

40 kN 

(2I 

3 m 

3 m 

fag 05 mm t fa ái at qIs | E =2 x 105 N/mm²: G =7-6 x 10+ N/mm 

12 

3 m 

A horizontal steel bar of 60 mm diameter is rigidly tied at each end, the ties being 1-25 m apart. A rigid bracket is fixed to the middle of the bar. Determine the maximum radial length of the bracket at which a vertical load of 1400 N can be suspended, if the deflection of the load is not to exceed 0-5 mm. Take E =2 x 10° N/mm; G=7-6 × 104 N/mm 10 

D 

20 
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For a continuous beam ABCDEFG, show the pattern of loading for the live load for the following : 
(A) 
(B) 
(C) 
(D) 

max ve bending moment at support C 
max +ve bending moment in span CD 
max ve bending moment in span CD 
max +ve bending moment at support C 

Hft atu hl =3:2 m 
13= 160 nmm 

2600 

=270 mm 
4eil^Z ft te = faT tGIs= 1:25 m 
dt HR=5 kN/m² 

yfttafti T 4T{ = 0-6 kN/m2 

Hsâle H YHr = 25 kN/m3 ifs| 
P Ast 
100 bd 

fok 

6251 625 

1-1-4-598 R/fek z0 R = M,/bd21 

Riser = 160 mm 

Height between floors = 3-2 m 

2430 

Tread = 270 mm 

Live load = 5 kN/m 

Design a (tread and riser) dog-legged staircase of an offiee building. 
given the following data : 

1250 

Finishes load = 06 kN/n 

C100! 

13 

1250 ! 

Width of flight = Landing width = 125 m 

625 625 

6 
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Consider the landing to be supported only on 
perpendicular to the risers. 

Take density of concrete = 25 kN/m. 
P At 

100 

2600 

bd 

625 

21 

625 

14 

4598 R/fk where R = M,/bd2 

2430 

1250 1 

100 

1250 I 

two edges 

J 625 J, 625 

14 



Q5. (a) 

(b) 

(c) 

( 

A rigid body having dimensions of 0-6 m wide, 0-9 m high and 12 m long 
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weighs 10 kN when submerged in water. 

Tug B 

SECTION B 

1fatTy H 9790 N/m H4 ffu) 

What will be its weight and density in air ? 
(Assume specific weight of water as 9790 N/m.) 

(i) 

With neat sketches explain Hydrodynamically smooth surface, 
Hydrodynamically rough surface and Boundary layer separation. 
What are the effects of separation in a fluid flow problem ? 

(fd 3444TA 2:5, JAIZ 4H41T 0-80 3 HHY GHGI 80% 414 tsI) 

A Kaplan turbine develops 20,000 kW power at a head of 40 m. 

The diameter of the boss is 0-4 times the diameter of the runner. 

Calculate : 

(i) 

(ii) 

Diameter of the runner 

Rotational speed of the turbine 

(iii) Specific speed of the turbine 

(Assume a speed ratio of 2-5. flow ratio of 0:80 and an overall efficiency 

of 80%o.) 

15 

10 

10 

10 



(e) 

QG. (a) 

(d) 
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Test No. 

1 

68 

No. of blows 

4 

Moisture Content (%) 

1 

68 

4 

2 

In a laboratory, the liquid limit test by Casagrande's apparatus is 
performed and following results are obtained: 

58 

2 

58 

16 

50 

9 

28 

50 

28 

4 

45 

46 

AV 

4 

The plastic limit of the soil is 27%. Draw the flow curve and find flow 

index. Also classify the soil. 

45 

The unconfined compressive strength of a saturated clay is 90 kN/m². 
Determine the net ultimate bearing capacity of a square footing of side 
0-75 m, resting on the surface of the saturated clay. What will be the 
safe bearing capacity if factor of safety is 2-5,? 

46 

The discharge Q over a small rectangular weir depends on head H over the weir, the weir height P, gravity g, width of the weir L and tluid properties : density p, dynamic viscosity . 
Express the relationship between the variables in dimensionless form using Buckingham method. 

L LJ! 

MiT 

A 

10 

10 

15 



(b) 

(c) 

A rectangular channel is 40 m wirle and carries a discha rge of 
50 m/s at a depth of 10 m. A smooth contraction of the channel width 
1s propOsed at a section. Find the smallest contracted width that will not 
affect the upstream flow conditions. Neglect the energy losses in the 
transition. 
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HHH= 0 

FT yHd= 155 kN/m3 

5 m 

6° 

15 

In the given diagram, the height of a retaining wall is 5 m with a 

batter angle 6°. The back face of the retaining wall is supporting a 

sandy soil, the surface of which is sloping at an angle 12° with the 

horizontal. Determine the active force per unit length of the 

retain1ng wall. Also find the direction and location of the resultant 

force. The properties of backfill soil are as below : 

17 



7. (a) 
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Angle of shearing resistance = 32* 

Cohesion = 0 

Assume angle of wall friction as 50h of angle of shearin 

resistance. 

Bulk density = 155 kN/m 

5 m 

F 4Hcd = 165 kN/m? 

6 

What is the effect of earthquake on lateral earth pressure against a 
retaining wall ? 

18 

12° 

15 

5 



30 m 
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B 

30 m 

05n 

19 

2 m 

A braced cut 7-0 m deep and 3-0 m wide is proposed in a cohesionless 
sand deposit. Assume that the first row of struts to be located at 0-5 m 
below ground level and the spacing of strut as 2-5 m as shown in the 
diagram. In the plan, the struts are placed at spacing of 2 m centre to 
centre. Using Peck's empirical relation for pressure diagram. determine 
the design loads in the struts. The properties of sand are as follows : 
Angle of shearing resistance = 30° 
Bulk density = 16-5 kN/m 

25 m 

1:5 m 

705 m 

2-5 m 

2:5 m 

15 m 

15 



(c) 

(b) 
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A 5 m thick clay layer is subjected to drained condition both at top and 

bottom. It has few sand drains in square pattern. The spacing of sand 

drains are 3 m centre to centre. The coefficient of consolidation in 

vertical and radial directions are same and equal to 5 x 10 m/day. The 

radius of the sand drains is 0:25 m. Assuming that there is no smear at 

the periphery of drain wells, it has been estimated that a given uniforrn 

surcharge would cause a total consolidation settlement of 200 nm 
without sand drains. Find the consolidation settlement of clay layer with 
same surcharge and sand drains, at times of 6 months, 9 months and 

one year. Draw the variation of settlement with time. 

(i) 

A liquid whose specific gravity is 0:8 and dynamic viscosity is 
1·8 poise, flows in a vertical pipe of 8 cm diameter. Pressure gauges 

in the pipe located 20 m apart indicate a pressure of 180 kPa at the 
upper end and a pressure of 360 kPa at the lower end. 
Calculate the flow rate and find the direction of the flow in the pipe. 
(Use Hagen-Poiseuille equation.) 

(ii) va cI4N YISY H A # B d* yAit aBaT qfod A 3T B 

A 

20 

12 cm 

100.000 m 

30 kPa 

10 cm 

101.000 m 

20 kPa 

15 

10 
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