
ACE Engineering Academy has taken utmost care in 

preparing the ESE-2025 Examination solutions. Discrepancies, if 

any, may please be brought to our notice. ACE Engineering 

Academy do not owe any responsibility for any damage or loss to 

any person on account of error or omission in these solutions. ACE 

Engineering Academy is always in the fore front of serving the 

students, irrespective of the examination type (GATE/ESE/ 

IRMS/SSC/RRB/PSUs/PSC/GENCO/TRANSCO etc.,). 

+91- 779999 6602 www.ace.online |  www.aceenggacademy.com

All Queries related to ESE-2025 Solutions are to be sent to the 

following email address help@ace.online

QUESTIONS WITH 
DETAILED SOLUTIONS

ESE - 2025
MAINS EXAMINATION

(Paper-1)

CIVIL ENGINEERING



CIVIL ENGINEERING 

ESE _MAINS_2025_PAPER – I 

Questions with Detailed Solutions 

SUBJECT	WISE	WEIGHTAGE		

S.No. NAME	OF	THE	SUBJECT	 Marks	

1 Strength of Materials  96 

2 Structural Analysis 92 

3 Building Materials  64 

4 Design of Concrete and  Masonry Structures 104 

5 Steel Structures 52 

6 Construction Management & Equipment  72 

Total	Marks	 480	
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SECTION A 

01.(a).(i) Write the qualities of good timber and the factors affecting the strength of timber.   [6 M] 

Sol: A good quality timber should possess the following characteristics: 

i. Durability: Resistant to decay, pests, and environmental degradation over time.

ii. Hardness: Capable of withstanding wear and mechanical stress without deformation.

iii. Toughness: Able to absorb shocks and vibrations without fracturing.

iv. Elasticity: Returns to its original shape after removal of load, essential for structural

applications.

v. Workability: Easy to saw, plane, and shape without splintering or excessive tool wear.

vi. Uniform Texture and Grain: Straight grains and even texture enhance strength and

aesthetic appeal.

vii. Low Moisture Content: Seasoned timber with moisture content below 15% ensures

dimensional stability and prevents fungal growth.

viii. Soundness: Free from defects such as knots, shakes, splits, and insect damage.

The strength of timber is influenced by several interrelated factors: 

i. Species and Growth Conditions: Hardwood species (e.g., teak, sal) generally offer higher

strength than softwoods; growth rate and soil quality also impact density and grain.

ii. Moisture Content: Higher moisture reduces strength; seasoning improves mechanical

properties.

iii. Grain Orientation: Timber with straight, parallel grains exhibits better tensile and

compressive strength.

iv. Defects: Presence of knots, shakes, or splits weakens structural integrity.

v. Age of Tree: Mature trees (not too young or over-aged) yield stronger timber.

vi. Preservation and Treatment: Chemical treatments and proper seasoning enhance

durability and load-bearing capacity.
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(a) (ii) 

 Write short notes on any three of the following :       

(1) Brick buttresses 

(2) Brick corbel 

(3) Brick coping 

(4) Thresholds 

(5) Brick jambs 

(6) Racking back          [6 M] 

Sol: 

1. Brick Buttresses: 

It is the projecting masonry structures built against a wall to provide lateral support and resist 

outward thrust. It is commonly used in retaining walls, boundary walls, and tall masonry 

structures to enhance stability. It can be stepped, sloped, or pilaster-type depending on 

architectural and structural requirements. 

2. Brick Corbel: 

It is a series of projecting bricks arranged in steps or courses to support structural loads or 

decorative elements. It is used to support beams, arches, balconies, or cornices. Each course is 

projected slightly beyond the one below, maintaining structural balance and avoiding excessive 

cantilevering. 

3. Brick Coping: 

It is a protective capping provided at the top of parapet walls or boundary walls. It prevents 

ingress of rainwater into the wall and enhances durability. Sloped, flat, or weathered coping are 

some of the types of brick copings which are often finished with mortar, concrete, or stone for 

improved water resistance. 

4. Thresholds: 

It is a horizontal members placed at the bottom of door openings which provides a clean 

transition between rooms, prevents dust and water entry, and supports door frames. It is typically 
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made of stone, concrete, or durable wood and in brick construction, may be integrated with floor 

finish. 

5. Brick Jambs:

The vertical sides of door or window openings constructed using bricks are called Jambs. It

supports lintels and frames, and transfers load to adjacent masonry. It may include recesses or

projections for fixing frames and should be properly bonded with surrounding wall for strength.

6. Racking Back:

A stepped arrangement of bricks at the end of a partially completed wall is called Racking Back.

Facilitates proper bonding when construction resumes; avoids vertical joints which weaken the

wall. Each successive course is set back by half a brick or as per site requirement, ensuring

interlocking continuity.

(b).  Draw the bending moment and shear force diagram for the beam shown below: 

[12 M] 

Sol:  

To calculate RC (EI = constant) 

(y)AC@C = (y)BC@C
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(c). With the help of a sketch, briefly explain the major shear transfer mechanisms in a 

reinforced concrete beam, having shear reinforcement. Indicate the internal forces acting at 

a flexural-shear crack. 

[12 M] 

Sol: Mechanism of shear transfer in RC beam with shear reinforcement 

 

 

 

 

 

 Internal forces acting at a flexural shear crack 

 Vcz – shear resistance of the uncracked portion of the concrete 

 Vay – vertical component of the interface shear (aggregate interlock) force 

 Vd – dowel force in the tension reinforcement (due to dowel action) 

Vax 

Vay 

Vd 

Vs Vcz 

C 

T 

Va 

A 

A 

B 

B 

12.5 kN.m 

16.25 kN.m 

(2 – x) 

3.75 

7.5 kN 

x = 0.375 m 

(S = D) 

C 

C 

0.7 kN.m 

(BMD)

3.75  2  

= 7.5 kN.m 
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 Vs – Shear resistance carried by shear reinforcement  

 V = Vcz + Vay + Vd + Vs 

 The relative contribution of the various mechanisms depends on the loading stage, the extent of 

cracking and the material and the geometric properties of the beam. Prior to flexural cracking, the 

applied shear is resisted almost entirely by the uncracked concrete (V ≈ Vcz). At the 

commencement of flexural cracking, there is a redistribution of stresses and some interface shear 

Va and dowel action Vd develop. At the stage of diagonal tension cracking, the shear reinforcement 

that intercepts the crack undergoes a sudden increase in tensile strain and stress. All the four major 

mechanics are effective at this stage. 

 

 

(d).  A pedestal in the shape of a frustum of a cone is made of concrete having a specific weight of 

24 kN/m3. Determine the average normal stress acting in the pedestal at its base : 

 

 

 

 

 

 

 

12 M] 

Sol: The self weight of frustum  
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(e).  A four-wheel tractor weighing 18000 kg has weight distribution between the front and the 

rear wheels of 40 percent and 60 percent respectively. It is operating on a level haul road 

whose rolling resistance is 45 kg/ton. What is the maximum rimpull of the tractor if the 

coefficient of traction between the road surface and the tyre is 0.65? 

[12 M] 

Sol: Maximum rimpull of the tractor = maximum tractive effort available - rolling resistance. 

Tractor Total Weight: 18,000kg 

Weight on Rear Wheels: 60% of 18,000kg = 10,800kg 

Coefficient of Traction: 0.65 

Maximum Tractive Force at Rear Wheels = 0.65 × 10,800kgf = 7,020kgf 

Rolling Resistance: 45kg/ton × 18tons = 810kgf 

Maximum Rimpull = Maximum Tractive Force − Rolling Resistance 

= 7,020kgf – 810kgf 

  = 6,210kgf. 

 

02. (a) 
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A short hollow cast iron column having an external diameter of 600 mm and inside diameter 

400 mm was cast in a factory. On inspection, it was found that the bore is eccentric as shown 

in the figure above. If the column carries a load of 2000 kN along the axis of the bore, 

calculate the extreme intensities of stresses induced in the section. 

[20 M] 

Sol: P = 2000 kN 

 From figure given in question 

    
2

400
60332e   

    e = 72 mm 

      



 





 224

y 300332600
4

600
64

I       



 




 224 72400
4

400
64

 

 Iy = 4.74  109 mm4 
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(b) Explain the following terms: 

(i) Autogenous shrinkage 

(ii) Bogue compounds 

(iii) Case-hardening 

(iv) Elastomers 

(v) Guniting 

(vi) Scoriaceous aggregate 

(vii) Self-desiccation 

(viii) Shingling 

(ix) Puddling 

(x) Wet rot                [2×10=20] 

Sol: 

i. Autogenous Shrinkage: 

Volume reduction in cement paste due to internal chemical reactions (hydration), without 

moisture exchange with the environment is called Autogenous Shrinkage. It is caused due to 

self-desiccation from water consumption during hydration. It can lead to microcracking in high-

performance concrete. 

 

ii. Bogue Compounds: 

Simple chemical compounds present in raw material fuse together in the rotary kiln at around 

1500oC to form complex chemical compounds called as Bogue Compounds which are listed as 

below: 

a. C₃S (Tricalcium silicate) 

b. C₂S (Dicalcium silicate) 

c. C₃A (Tricalcium aluminate) 

d. C₄AF (Tetracalcium aluminoferrite) 
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iii. Casehardening: 

Surface hardening of steel while maintaining a tough core is called as Casehardening. It can be 

done using methods of carburizing, nitriding, flame or induction hardening. It is used for gears, 

camshafts, and other wear-resistant components. 

iv. Elastomers: 

These are polymers with elastic properties which returning to original shape after deformation. 

Some of the examples are Natural rubber, neoprene, silicone. They are used for seals, gaskets, 

tires, flexible joints. 

v. Guniting: 

The process of spraying dry mix concrete pneumatically with water added at the nozzle is known 

as Guniting. It is mainly used in the construction of tunnel linings, slope stabilization, and repair 

works. 

vi. Scoriaceous Aggregate: 

These are lightweight aggregate with vesicular (porous) texture, often from volcanic origin. Ex: 

Scoria. They are used in the preparation of lightweight concrete, insulation layers. 

vii. Self-Desiccation: 

The internal drying of cement paste due to water consumption during hydration is called as Self-

Desiccation. It reduces internal relative humidity, contributing to autogenous shrinkage. 

viii. Shingling: 

The process of layering or overlapping of materials (often metal sheets or roofing) is called as 

Shingling. 

ix. Puddling: 

The process of sealing soil by compacting wet clay to prevent water seepage. It is used for canal 

linings, reservoirs, ponds. 

x. Wet Rot: 

It is the fungal decay of timber due to prolonged exposure to moisture. It weakens wood 

structure, often accompanied by discoloration and softness. It can be prevented by providing 

proper ventilation, moisture control, and treatment. 
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(c)  Design a suitable double-angle discontinuous strut in a steel truss to carry a working axial 

compressive load of 200 kN. The effective length of the strut is 2.12 m. Use a gusset plate of  

20 mm thick. Assume column buckling class c. 

fy = 250 MPa, fu =400 MPa, mb =1.25. 

Relevant portion of the code books is enclosed.      [20 M] 

Sol: Design or factored load = 1.5 200 = 300 kN 

 Effective length of the strut = 2.12 m 

 Thickness of gusset plate = 20 mm 

 For struts, the slenderness ratio may be assumed in the range of 100 to 120. 

Let us assume a slenderness ratio of 110. Corresponding value of design compressive stress from 

table 9(c) is 94.6 N/mm2 

 Cross –sectional area required = 
6.94

10300 3
= 3171.24 mm2 

 Angles placed on opposite sides of the gusset plate: 

 From IS Hand book No. 1, select 2, ISA 110 110  10 mm 

 Area provided = 2  21.06 

   = 42.12 cm2 

   = 4212 mm2 

 Minimum radius of gyration, r = rz = 33.6 mm 

 18009.63
6.33

2120

r

K



 

 Hence, the selected section is ok 

 For 09.63
r

KL
  and fy = 250 MPa, using table 9(c) of the code 

 
r

KL
  fcd 

 60  168 

 63.09   ? 
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 70    152 

 
 
   6009.63

6070

152168
168fcd 




  

 fcd = 163.056 N/mm2 

 The design compressive strength 

   Pd = Aefcd 

          = 4212  163.056 

       = 686.79 103 N 

       = 686.79 kN > 300 kN  It is safe 

 The designer may now try to economize the section. 
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03.(a). For the network shown below, the time estimates (in days) for each activity are mentioned. 

Determine the probability of completing the project in 35 days. 

Given: 

Standard normal distribution function 
 

Z P% (% probability) 

0ꞏ8 78ꞏ51 

0ꞏ9 81ꞏ59 

1ꞏ0 84ꞏ13 

1.1 86.43 

1.2 88.49 

 

 

[20 M] 

Sol: 

Activity Expected duration  
6

tt4t
t Pmo

E


  

1 – 2 
 

10
6

18946



 

1 – 3 
 

9
6

17845



 

2 – 4 
 

9
6

22744



 

3 – 4 
 

8
6

16744



 

2 – 5 7 
3 – 5 5 

4 – 5 
 

11
6

221044



 

 

 

1 

2 

3 

4 5 

6-9-18 
4-7-10 

4-10-22

2-5-8 5-8-17 
4-7-16 

4-7-22 
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Path    duration 

 1 – 2 – 5               17 

 1 – 2 – 4 – 5        30 

 1 – 3 – 4 – 5        28 

 1 – 3 – 5                    14 

 Expected project completion time (CP) = 30 days  

  
 Probability of completing the project in 35 days (X = 35) 

          
CP

CPX
Z




 066.1
69.4

3035



  

   544221CP VVV    

             
222

6

422

6

422

6

618






 







 







 

          = 4.69 

               %54.85
1.0

3.2066.0
13.84ZP 


   

 

(b).  Design a short reinforced concrete column subjected to a working axial load of 1400 kN and 

service moments of 60 kN-m and 40 kN-m about its major and minor axes respectively. The 

least cross-sectional dimension of the column shall be 300 mm. Adopt limit state design. Use 

M 30 concrete and Fe 500 grade steel. The effective concrete cover to longitudinal 

reinforcement is 60 mm. Sketch the reinforcement details. 

 Relevant portions of IS 456 and SP 16 are enclosed. 

[20 M] 

Sol: P = 1400 kN, Mx = 60 kNm, My = 40 kNm, b = 300 mm, M30, Fe -500, ec = 60 mm 

 Factored load and moments  

 Pu = 1.5P = 1.5  1400 = 2100 kN 

 Mux = 1.5 Mx = 1.5  60 = 90 kNm 

 Muy = 1.5 My = 1.5  40 = 60 kNm 

1 

10 
2 

9 
7 

5 4 

3 5 
8 

9 

11 
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 Assume the other side of column is 600 mm 

 Now size of column is 300 mm  600 mm 

 Assume longitudinal steel in percentage 

 P  1.5% 

 Check 

 1
M

M

M

M
n

1

n

1 uy

uy

ux

ux 






















 

 Mux = 90 kNm 

 Muy = 60 kNm 

 Mux1 = Moment capacity about major axis 

 Muy1 = Moment capacity about minor axis 

 For Mux1 

     1.0
600

60

D

'd
  

     05.0
30

5.1

f

p

ck

  

 From chart 48 

     38.0
60030030

102100

bDf

P 3

ck

u 



  

     09.0
bDf

M
2

ck

ux1   

     09.0
60030030

M
2

ux1 


 

 Mux1 = 291.6  106 Nmm = 291.6 kNm 

 For Muy1 

     2.0
300

60

D

'd
  
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    05.0
30

5.1

f

p

ck

  

    38.0
30060030

102100

bDf

p 3

ck

u 



  

 From chart 50 

    08.0
bDf

M
2

ck

uy1   

    08.0
30060030

M
2

yu 1 


 

 Muy1 = 129.6 106 Nmm = 129.6 kNm 

 From char 63 

    19
A

P

g

uz   

    Puz = 19  300  600 = 3420  103 N 

    6.0
1032420

102100

P

P
3

3

uz

u 



  

     2.06.0
2.08.0

12
1n 




 = 1.67 

    Now 

n

11 yu

uy

ux

ux

M

M

M

M


























 

     
67.167.1

6.129

60

6.291

90










 

     0.42 < 1  Safe 
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(c).   For the continuous beam shown below, draw the bending moment diagram using 

Clapeyron's theorem (three-moment equation). The support C sinks by 1 cm. Take E = 200 

GPa, I =10000 cm4  

 

 

 

  

[20 M] 

Sol: c =1 cm, 0.01 m 

 E = 200 GPa = 200  109 N/m2, 200  106  kN/m2 

 I = 10, 000 cm4 = 10–4 m4 

 

 

 

 

 

 

 BMF = 0    [left side] 

 +RA 2–10  2 
2

2
=0 

 RA  = 10 kN 

 Sagging +ve, hogging –ve 

 MB = 10  4 – 10 4  
2

4
= –40 kN-m 

 MB = 40 kN-m (hogging) 

 
2

1
15MD   = –2.5 kN-m 

 MD = 2.5 kN-m (hogging) 

20 kN 
0.5 m 

1.0 m 

20 kN/m 
10 kN/m Hinge 

F 
A 

2 m 

B 

2 m 

C 

2 m 

G 

2 m 1 m 2 m 

5 kN/m 

E D 

A 
B 

C D 
E 

5 kN/m 20 kN 

2m 1m 2m 2m 

hinge 

10 kN/m 

F 

RA 

20 kN/m 

2m 2m 1m 

10 kN-m G 

-ve +ve 
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32

wL5

L

xA6 3
1

1

11   

   
32

4205 3
 = 200 

 RC +RD  = 20 

 MC = 0  

 –RD  3+ 10 + 20  2 = 0 

 RD = 16.67 kN 

 RC = 20 –16.67 

    = 3.33 kN 

 



 



  12

3

1
66.62

2

1
1

3

2
67.161

2

1
xA 22  

  = 16.65 

 3.33
3

65.166

L

xA6

2

22 


  

  

 

 

 40  4+ 2MC [ 4 + 3] + 2.5  3= –200 –33.3 + 6EI 



 

3

01.0

4

01.0
 

 14MC + 167.5 = –233.3 + 100 

 MC = –21.48 kN-m 

  














 








 


2

DC

1

CB

2

22

1

11
2D21C1B LL

EI6
L

xA6

L

xA6
LMLLM2LM  

200 

B C D 

20 kN 

2m 1m 

20 kN/m 

4m 

10 kN-m 

40 kN/m 2.5 kN-m 

B 

20 kN/m 

4m 
C 

67.26
12

wL2

  
3°

+ve 

BMD 

-ve +ve 

C 

20 kN 

D 
2m 1m 

RC = 3.33 RD = 16.67 

6.66 

+ve 

16.67 
10 kN-m 
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04. (a). Five wheel loads of 90 kN, 90 kN, 90 kN, 50 kN and 50 kN magnitudes spaced 3 m, 2 m,  

1.5 m and 2 m apart respectively cross a simply supported girder of 20 m span from right to 

left with  90 kN load leading. Calculate the maximum positive and negative shear force at the 

centre of the span and absolute maximum value of bending moment that occurs anywhere in 

the girder.     

[20 M] 

Sol:  

  

 

 

 

 

 

 

 

 

3m 2m 1.5m 2m 

90 kN 90 kN 90 kN 50 kN 50 kN

Leading load

B 

40 kN-m 

C 
21.48 

2.5 kN-m 

D 

30.74 

21.48 16.67 

6.66 

2.5 

26.67 

40 

 

 

 

BMD 
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 Maximum +ve SF at centre of span: 

 SFC = load  ordinate of ILD under the load  

      
40

3
50

40

7
50

4

1
90

20

7
90

2

1
90   

       = 111.5 kN 

 

 Maximum –ve SF at centre of span: 

 
2

1
50

5
50

40

13
90

40

9
90

40

3
90SFC 


  

      = –101.25 kN 

 

 

 

 

 

3m 2m 1.5m 2m 

90 kN 90 kN 50 kN 50 kN 

1.5m 

7/20 1/4
7/40 

3/40 
+ve 

90 

10m 

 

-ve

A B 
C 

1/2

1/2 

1.5m 

90 kN 
3m 2m 1.5m 

90 kN 90 kN 50 kN
2m 

50 kN 

3/40 
9/40 

13/40
2/5 

1/2

ILD for SFC 

1/2 +ve 

-ve 
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  Absolute Maximum Bending Moment: 

 

 

 

 

  

 

5050909090

5.8505.650590390090
x




  

 m97.3x   from reference load 

 Absolute Maximum Bending occur under 2nd 90 kN 

  

 

 

 

 

 

 

 

 

 

 Absolute Maximum Bending Moment = 90  3.41 + 90  4.98 + 90  4.03 + 50  3.32 + 50  2.37 

       = 1402.3 kN-m 

 

 

 

 

 

3m 2m 1.5m 2m 

90 kN 90 kN 90 kN 50 kN 50 kN 
0.97 

1.03m 
Leading load

Reference load 

1st 2nd 3rd 

m97.3x   

R 

1.515 
1.5m 2m 

90 kN 90 kN 50 kN 50 kN 

4.985 m 

10m 

 A B 
C 

6.515m 3m 

90 kN 

0.97/2

10m 

4.03m 3.32m 
2.37m 

3.41m 

m98.4
L

ab
  

a=9.515 m b=10.485 m 

2nd 
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(b). The initial cost of an equipment is  ₹ 1,100, salvage value is ₹ 100, life of the equipment is  

5 years. The rate of interest for sinking fund is 8%. Calculate the yearly depreciation and 

book value at the end of each year by straight line method, declining balance method, sum of 

years digital method and sinking fund method. Present the value in tabular form.  

[20 M] 

Sol: Initial cost (P) = Rs. 1100 

 Salvage value (SV) = Rs. 100 

 Life (n) = 5 years        

 Rate of interest (i) = 8% 

  

 Straight Line Method  
  

Year 

Annual depreciation (Dm) 

n

SVP
DDm


  

Book value (BVm) 

BVm = BVm–1 – Dm 

0 - 1100 

1 200 900 

2 200 700 

3 200 500 

4 200 300 

5 200 100 

  

 Sum of years (SOY) digit method: 

 
 

15
2

1nn
SOY 


  

 
 

SOY

1mn
dm


  
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Year 
Annual depreciation (Dm) 

 SVPdD mm   

Book value (BVm) 

BVm = BVm–1 – Dm 

0 - 1100 

1   3.3331001100
15

5
  766.66 

2 66.2661000
15

4
  500 

3 2001000
15

3
  300 

4 33.1331000
15

2
  166.66 

5 66.661000
15

1
  100 

  

 Declining balance method (single): 

     
n

1

P

SV
1d 






   

5

1

1000

100
1 






  = 0.369 

 

Year 
Annual depreciation (Dm) 

Dm = d  BVm-1 

Book value (BVm) 

BVm = BVm–1 – Dm 

0 - 1100 

1 0.369  1100 = 405.94 694 

2 0.369  694 = 256.12 437.87 

3 0.369  437.89 = 161.57 276.29 

4 0.369  276.3 = 101.95 174.34 

5 0.369  174.34 = 64.33 109 ≃ 100 
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 Sinking Fund Factor (SFF) Method: 

 
  1i1

i
SFF

n 
  

        
  108.01

08.0
5 

  

       = 0.170 

 Annuity (A) = (P – SV)  SFF 

        = (1100 – 100)  0.170 

        = 170.45 

 Annual depreciation (Dm) = (1 + i)m-1 A 
  

Year Annuity (A) 
Annual depreciation 

Dm = (1 + i)m-1  A 

Book value (BVm) 

BVm = BVm-1 – Dm 

0 - - 1100 

1 170.45 (1 + 0.08)1-1  170.45 = 170.45 929.55 

2 170.45 (1 + 0.08)2-1  170.45 = 184.09 745.46 

3 170.45  (1 + 0.08)3-1  170.45 = 198.81 546.65 

4 170.45 (1 + 0.08)4-1  170.45 = 214.72 331.93 

5 170.45 (1 + 0.08)5-1 170.45 = 231.90 100 
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75 mm 

50 
mm 

50 
mm 

50 
mm 

50 
mm 

32 mm 

12 mm thick gusset plate 

ISA 100 mm 75 mm  10 mm 

100 mm 

40 
mm 

Relevant portion of the IS 800:2007 is enclosed 

40 
mm 

(c). A single angle ISA 100 mm  75 mm 10 mm is connected to a gusset plate of 12 mm thick 

with five numbers of 16 mm diameter bolts. Determine its tensile capacity if the gusset plate 

is connected to the 100 mm leg. The cross-sectional area of  the  angle is 1650mm2,  fu 

=410MPa,  fy =250MPa,  mo =1ꞏ1, m1 =1ꞏ25.      [20 M] 

 

 

 

 

 

 

 

 

Sol: Gusset plate is connected to the 100 mm leg of the angle. 

 

 

 

 

 

 

 

 d = 16 mm 

 do = 16 + 2 = 18 mm 

 Net area of connected leg (Anc ) = (x – 
2

t
– do) t 

     1018
2

10
100 






  = 770 mm2 

bs 

t=10 mm 
y=75 mm 

W
12mm 

W1 

X=100 mm 
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 Gross area of outstanding leg (Ago) = t
2

t
y 






   

     10
2

10
75 






  = 700 mm2 

 Gross cross –sectional area of the angle (Ag) = 1650 mm2 

 Strength governed by yielding of gross section 

 
10.1

2501650fA
T

om

yg
dg





 = 375  103 N = 375 kN 

 Strength governed by rupture of critical section 

 
mo

ygo

1m

unc
dn

fAfA9.0
T





  

 
c

s

u

y

L

b

f

f

t

W
076.04.1   

 W = 75 mm 

 

 

     = 75+ 32 –10  = 97 mm 

 Lc = 50 + 50 + 50+50 

 Lc = 200 mm 

 
200

7

410

250

10

75
076.04.1


 = 1.23 

 
1m

0m

y

u

f

f
9.07.0




  

 0.7 ≤  ≤ 1.44 

 
10.1

250700
23.1

25.1

4107709.0
Tdn





  

  = 421.39 103 N= 421.39 kN 

 Strength governed by block shear (Tdb) 

bs = W + W1 –t 

g 
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 Gross shear plane area  (Avg) = 240 10 = 2400 mm2 

 Net shear plane area (Avn) = (240 –4  do – 1  
2

do ) 10 

     10
2

8
184240 






 

 = 1590 mm2 

 Gross tensile plane area (Atg) = 68  10= 680 mm2 

 Net tensile plane area (Atn) = (68–1 
2

do ) 10  = 590 mm2 

 If shear yield and tension rupture 

 
1m

utn

mo

yvg
1db

fA9.0

3

fA
T





  

        
25.1

4105909.0

10.13

2502400 





   = 489.086  103 N= 489.086 kN 

 If shear rupture and tension yield 

 
mo

ytg

1m

uvn
2db

fA

3

fA9.0
T





  

  
10.1

250680

25.13

41015909.0 





 = 425.53 103 N= 425.53 kN 

 Hence, 

  Tdb = 375 kN 

240 mm 

68mm 
do 

40mm 50mm 50mm 50mm 50mm 

2

do
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SECTION-B 

05. (a) (i) What is smart concrete? Write the key features and benefits of smart concrete.    [6M] 

Sol: Smart concrete is a technologically enhanced form of conventional concrete that incorporates 

sensors or conductive materials to enable real-time monitoring of structural health and 

environmental conditions. 

Typically, it contains embedded sensors or additives such as carbon fibers, which allow the 

concrete to detect changes in stress, strain, temperature, and the presence of cracks. This self-

sensing capability makes smart concrete particularly valuable in critical infrastructure applications 

like bridges, tunnels, and high-rise buildings, where early detection of damage can prevent 

catastrophic failure. 

The use of smart concrete improves safety, reduces maintenance costs through predictive 

diagnostics, and extends the service life of structures. By integrating monitoring functions directly 

into the material, smart concrete represents a significant advancement in sustainable and intelligent 

construction practices. 

 

(a). (ii)  What is self-compacting concrete? How is it obtained? Explain the advantage and 

disadvantage of it.            [6M] 

Sol: Self-compacting concrete (SCC) is a highly flowable and non-segregating concrete that can spread 

into place and fill formwork under its own weight, without the need for mechanical vibration. 

It is achieved through a carefully designed mix that includes high-range water-reducing admixtures 

(superplasticizers), viscosity-modifying agents, and well-graded aggregates. These components 

work together to ensure high fluidity while maintaining cohesion and preventing segregation. 

SCC offers several advantages, such as faster placement, reduced labour requirements, and 

superior surface finish, making it ideal for use in structures with dense reinforcement or complex 

formwork. However, it also has certain disadvantages, including higher material costs due to the 

use of specialized admixtures and the need for precise mix control to avoid issues like bleeding or 

loss of stability. Despite these challenges, SCC is widely adopted in modern construction for its 

efficiency and quality benefits. 
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(b). A vibration test is conducted on the model of a tank. A cable attached to the tank induces a 

force of 20 kN horizontally and pulls the tank by 5 mm. The cable is cut and the resulting 

vibration is recorded. At the end of four complete cycles, the time elapsed is 2 seconds and 

the amplitude is 0.5 mm.  Compute the damping ratio, natural period of vibration 

(undamped), stiffness and damping coefficient.  Also find  the  number of cycles required for 

the displacement amplitude to decrease to ( 1/10)th of the initial amplitude.  [12M] 

Sol: Given static force F = 20 kN 

 Static deflection xo = 5 mm 

 Amplified after ‘4’ cycles x4 = 0.5 mm, 

 Time taken for 4 cycles = 2 sec 

 (a) Stiffness k 

 
3

3

o
o 105

1020

x

F
KKxF 


 = 4106 N/m 

 (b) logarithmic decrement 
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



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1




   

 Damping ratio  = 
2222 57.04

57.0

4 





 = 0.09 

 (c) Undamped time period Tn = ? 

 Damped time period 
n

2
d

d
w1

2

w

2
T







  

     5.0
4

2

1

T
2

n 


  

           d
2

n T1T   

     5.009.01 2   

     = 0.4979 sec 
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 Undamped Natural frequency 

   
4979.0

2

T

2
w

n
n





 = 12.61 rad/s 

 (d) Mass of the system 

 
2

6

2n 61.12

104

wn

K
m

m

K
w


 = 2.51  104 kg 

 (e) damping coefficient ‘c’ = ? 

 Damping factor 
Km2

C
  

   Km2C   

      46 1051.210409.02  = 5.7  104 N-s/m 

 (f) if xn = 
10

xo   find number of cycles ‘n’ 

   57.010n
n

1

x

x
n

n

1

n

o 







   

 
57.0

10n
n


 ≈ 4 cycles 

 

(c). Explain the following terms, with sketches, pertaining to the masonry walls : 

(i) Solid wall with piers 

(ii) Cavity wall 

(iii)  Faced wall 

(iv)  Veneered wall          [12M] 

Sol: (i) Solid wall with piers: A solid wall is a single leaf wall constructed from a single material like 

brick (or) stone when combined with the piers, which are projecting columns (or) sections of wall 

that provide additional support and stability, if forms a solid wall with enhanced structural integrity 

and load bearing capacity. 
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 (ii) Cavity wall : Cavity wall consists of two separate wall (or) leaves (usually brick (or) block 

work) with a gap (or) cavity in between them. This cavity provides insulation against heat of loss 

and sound, and also act as barriers against moisture penetration. The two leaves are typically tied 

together with wall ties. 

 (iii) Faced wall: A faced wall is wall where the outer surface is made of different material than the 

main structural wall behind it. The facing material often of higher quality (or) aesthetic appear (ex: 

decorative brick, stone (or) precast concrete) is bonded to the backing wall to provide a desired 

finish and protection. 

 (iv) veneered wall: It is similar to the faced wall, a veneered wall involves applying a thin layer of 

material (the veneer) over a structural backing wall. This veneer, which can be brick, stone (or) 

other decorative materials, is primarily for aesthetic purpose and is not typically load bearing. It is 

attached to the backing wall using mechanical fasteners (or) mortar. 

 

(d) (i).  List the factors that affect strength of a steel column.    [4M] 

Sol:  The strength of a column depends on the following parameters: 

1. Material of the column 

2. Cross-sectional configuration 

3. Length of the column 

4. Support conditions at the ends (called restraint conditions) 

5. Residual stresses 

6. Imperfections 

The imperfections include the following: 

1. The material not being isotropic and homogenous 

2. Geometric variations of columns 

   3. Eccentricity of load 
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(d)(ii) Briefly explain the possible modes of failure of axially loaded steel column.    [8M] 

Sol:  Modes Possible Failure: 

The possible failure modes of an axially loaded column are discussed as follows: 

Local buckling Failure occurs by buckling of one or more individual plate elements, e.g., flange or 

web, with no overall deflection in the direction normal to the applied load. This failure mode may 

be prevented by selecting suitable width- to-thickness ratios of component plates.  

Squashing When the length is relatively small (stocky column) and its component plate elements 

are prevented from local buckling, then the column will be able to attain its full strength or 'squash 

load" (yield stress × area of cross section). 

Overall flexural buckling This mode of failure normally controls the design of most compression 

members. In this mode, failure of the member occurs by excessive deflection in the plane of the 

weaker principal axis. An increase in the length of the column, results in the column resisting 

progressively less loads  

Torsional and flexural-torsional buckling Torsional buck ling failure occurs by  wisting about 

the shear centre in the longitudinal axis. A combination of flexure and twisting, called flexural-

torsional buckling is also possible. Torsional buckling is a possible mode of failure for point 

symmetric sections. Flexural torsional buckling must be checked for open sections that are singly 

symmetric and for sections that have no symmetry. Note that open sections that are doubly 

symmetric or point symmetric are not subjected to flexural- torsional buckling, since their shear 

centre and centroid co-incide. Closed sections are also immune to flexural-torsional buckling 
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(e)   If the vertical shearing force acting on the thin-walled channel section shown in the figure 

below is 2000 N, compute and show the shear flow, and determine the shear centre : 

[12M] 

 

 

 

 

 

 

 

 

 

 

Sol: shear centre: 
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e

22

  

 Centre line dimensions; 

 mm5.87
2

25
100b   

 h = 250 + 25 = 275 mm 
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10125.04

252755.87
e




  
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06.(a) The culvert shown below is of constant section throughout and the top beam is subjected to 

a central concentrated load of 25 kN. Assuming that the base pressure is uniform 

throughout, analyze the box culvert. Draw the bending moment diagram using moment 

distribution method 

 

 

 

 

 

 

 

[20M] 

 

Sol: 

 

 

 

 

 

 

  

 

Using short cut Method of MDM: 
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Distribution factor (DF): 
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 Fixed end moment (FEM): 

 MFAB = MFBA = 0 [no load] 
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 Moment Distribution:  
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(b). A rectangular beam 300 mm  600 mm is prestressed with parabolic cables having cross-

sectional area 1200 mm2. The parabolic cables have an eccentricity of 150 mm at mid-span 

and zero eccentricity at the ends. The beam is simply supported over a span of 12 m and the 

initial prestress in the cables is 1100 MPa. Estimate the deflection of the beam due to initial 

prestress plus self-weight of the beam. Assume losses of prestress as 18%. The beam is 

subjected to a live load of 20 kN/m over its entire span. Estimate the final deflection. Also 

derive only the expression for deflection due to prestress of the parabolic cable. The unit 

weight of concrete is 25 kN/m3. Assume Es = 206 kN/mm2 and Ec = 35 kN/mm2. 

[20M] 

Sol: Given 

 b =300 mm, D = 600 mm, As = 1200 mm2, e = 150 mm, L = 12 m 

 o = 1100 MPa, Loss = 18%, LL = 20 kN/m,  = 25 kN/m3, Es = 206 kN/mm
2, Ec = 35 kN/mm2 

 Self weight of the beam, wD = bD 

             = 25  0.3  0.6 

             = 4.5 kN/m 

 Prestressing force Po = o As 

           = 1100  1200 

          = 1320  103 N 

        = 1320 kN 

 Final prestressing force P = .P = (1–0.18)  1320 = 1082.4 kN 

 M.I of the section about c.g I = 49
33

mm104.5
12

600300

12

bD



  
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 (i) 

  

 

 

 

 

 

 

 

 

 

 

 

 Deflection due to self weight of the beam 

 
EI

xA
1 

EI

2

L

8

5

8

wDL
.

2

L
.

3

2 2


















IE

Lw

384

5

C

4
D  

        
 

9

4

104.535000

120005.4

384

5




  

        = 6.43 mm (down ward) 

 Deflection due to prestressing cable  
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      = 15.71 mm (upward) 

 The net deflection at mid span due to self weight and initial prestress 
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  = 1 – 2 

  = 6.43 –15.71 

  = –9.28 mm 

  = 9.28 mm (up ward) 

 

(ii) 

  

 

 

 

 

 

 

 Deflection due to live load 

 
IE

Lw

384

5

c

4
L

1   
93

4

104.51035

1200020

384

5




  

    = 28.57 mm (down ward) 

 

 Deflection due to final rpestressing force 

 
IE

PeL

48

5

c

2

2 
93

23

104.51035

12000150104.1082

48

5




  

            = 12.88 mm (up ward) 

 Deflection due to self weight of beam 

 3 = 6.43 mm (down ward) 

 Final deflection 

  = 1 –2 +3 = 28.57 –12.88 + 6.43 

             = 22.12 mm (down ward) 
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(c).(i) An element in a stressed material has tensile stress of 400 MN/m2 and a compressive stress of  

300 MN/m2 acting on two mutually perpendicular planes and equal shear stresses of 80 MN/m2 

on these planes. Find the principal stresses and position of the principal planes. Find also the 

maximum shearing stress. Solve using analytical method. 

[10M] 

Sol:  

  

 

 

  

 Principal stresses 

 2
xy

2

yxyx

2

1

22








 












 

      2
2

80
2

300400

2

300400







 




     = 50  359 

 1 = + 409 MPa (ten) 

 2 = 50 – 359 = (–) 309 MPa (comp) 

 

 Principal planes 

    
 300400

8022
2tan

yx

xy
P 





  

 P = 6.43o 

 Angle of major principal plane, P = 6.43o 

 Angle of minor principal plane, P + 90 = 6.43 + 90  = 96.43o  (or) 

 Maximum shear stress, 
2

21
max


  = 359 MPa 

 

300 

80 

400 

300 

400 
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(c).(ii) A simply supported beam 150 mm wide and 220 mm deep is 4 m long and carries a load of 

20 kN at mid-span. The load is inclined at an angle of 30° to the vertical. The line of action is 

passing through the centroid of the section. Find the locations and magnitudes of maximum 

tensile and compressive stresses set up due to bending.  

[10M] 

 

Sol:  

 

 

 

 

 max BM, 
 

m.kN3.17
4

43.17

4

w
M 


 

 6
2

1021.1
6

220150
z 


  

 
6

6

1021.1

103.17

Z

M

comp

tension












 

    = 14.3 MPa 

 tension occurs at the bottom fibre and comp occurs at the top fibre of mid span of the beam. 

 

07. (a)  

(i)  What is ferrocement and fiber-reinforced concrete? Write their advantages and 

disadvantages                         [8M]   

Sol: Ferrocement: 

It is a specialized form of reinforced concrete composed of a rich cement mortar matrix reinforced 

with multiple layers of small-diameter wire meshes. It is typically used in thin sections and is 

known for its high tensile strength and versatility in shaping the structure. 

150 mm 

220 mm 
2m 2m 

20 kN 30o 

20cos30 = 17.3 kN 
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The advantages of ferrocement include its excellent tensile strength, resistance to impact and 

cracking, lightweight nature, and adaptability to complex forms. However, it is labor-intensive, 

demands skilled workmanship, and may suffer from corrosion if not adequately protected. 

Fiber-reinforced concrete: 

This concrete is prepared by mixing discrete fibers of steel, glass or polymers during concrete 

preparation to enhance its structural integrity and resistance to cracking. 

Fiber-reinforced concrete offers improved toughness, durability, and resistance to environmental 

stressors like freeze-thaw cycles. It also reduces permeability and enhances impact resistance. 

Nonetheless, it can be costlier due to fiber additives, may exhibit inconsistent properties if fibers 

are unevenly distributed, and require precise mix design and handling. 

    

(a) (ii)  Describe, in short, the various methods of proportioning concrete.                  [6M] 

Sol: Concrete proportioning is a critical process that ensures the desired strength, durability, and 

workability of the mix. The primary methods include volume batching, where ingredients are 

measured using containers; weight batching, which involves weighing materials for accuracy; the 

absolute volume method, which calculates the volume of each component based on specific 

gravity and total desired volume; and the trial mix method, which involves preparing sample 

batches and refining the proportions based on performance outcomes. Each method has its own 

merits, with weight batching and absolute volume methods offering higher precision, especially in 

structural applications. 

 

(a) (iii) Write, in short, the various advantages of RC structures over other masonry structures.   

[6M] 

Sol: Reinforced concrete (RC) structures offer several advantages over traditional masonry 

constructions. Their superior strength and load-bearing capacity stem from the embedded steel 

reinforcement, which allows them to withstand greater stresses and dynamic loads. RC structures 

exhibit enhanced resistance to environmental hazards such as earthquakes, wind, and fire, making 

them more suitable for modern infrastructure. They also provide greater design flexibility, 
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enabling architects and engineers to create complex and aesthetically appealing forms. 

Furthermore, RC structures tend to have a longer service life, reduced maintenance needs, and 

improved durability against cracking and deterioration, positioning them as a preferred choice in 

contemporary construction. 

 

(b). A simply supported reinforced concrete (RC) slab, having a clear span of 3 m, is supported 

only on two opposite sides on brick walls of 230 mm thick. If the live load on the slab is  

3 kN/m2 and floor finish being 1 kN/m2, design the RC slab as per limit state method. Use M 

30  concrete and  Fe 500 grade steel. Also check for deflection. Sketch the reinforcement 

details. Assume clear cover to the reinforcement as 20 mm. 

 Relevant portion of the IS 456 is enclosed.                [20M] 

Sol: Given 

 l = 3m, bs = 230 mm, LL = 3 kN/m2, M30, Fe – 500 

 C. C= 20 mm 

 Assume thickness of slab 

 mm150
20

3000

20

span
D   

 
2

C.CDd


  (Assume 10 mm dia main steel) 

  
2

10
20150   = 125 mm 

 Effective span (L) 

 (i) l + bs = 3 + 0.23 = 3.23m 

 (ii) l + d = 3 + 0.125 = 3.125 m 

  L = 3.125 m 

 Loads: 

 Self weight of slab = D = 25  0.15 = 3.75 kN/m2 

 Live load            =  3 kN/m2 
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 Floor finishes           = 1 kN/m2 

 Total working load w = 3.75 + 3 + 1 = 7.75 kN/m2 

 Factored load wu = 1.5w = 1.5  7.75 = 11.625 kN/m2 

  

 Design BM 

 Factored BM per m width 

 
8

125.3625.11

8

Lw
m

22
u

u


 = 14.19 kNm 

 

 Effective depth of slab required to resist BM 

 
ub

u

R

M
d    

bf133.0

M

ck

u  

        
100030133.0

1019.14 6




  

         = 59.6 mm < 125 mm  O.K 

 Adopt D = 150 mm and d = 125 mm > 59.6 mm 

  it will be designed as URS 

  Area of main steel required 

                bd
bdf

M6.4
11

f

f5.0
A

2
ck

u

y

ck
st 








  

                     1251000
125100030

1019.146.4
11

500

305.0
2

6




















  

                     = 270.9 mm2 

 Area of minimum steel 

 0.12% of bD 

 1001000
100

12.0
 = 120mm2 < 270.9 mm2   O.K 
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 Area of max steel 

 0.04 bD 

 0.04  1000  100 = 4000 mm2 > 270.9 mm2  O.K 

 Spacing required for main steel 

   
st

st

A

a
1000S   

       
st

st

A

a
1000  

       
9.270

10
41000

2


  = 289 mm 

 Maximum spacing for main steel 

 

 

 

 

  S < 300 mm  O . K 

 

 Provide 10 mm  @ 280 mm c/c 

 Distribution steel 

 Provide min steel = 120 mm2 

 Spacing for distribution steel  

 
st

st

A

a
1000S 

120

8
41000

2


 = 418 mm 

 Maximum spacing for distribution steel  

 

 

 

(i) 3d = 3  125 = 375 mm 

(ii) 300 mm 
Smaller 
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 S > 300 mm 

 Provide 8 mm  @ 300 mm c/c 

 Check for deflection 

 8.24
125

3100

d

L

a









 

 







pd

L
 = 20  1  1.3  1 1 = 26 

  = 20  for simply supported 

  = 1  span < 10 m 

  = 1  singly reinforced 

  = 1  rectangular c/c 

  = 1.3  from graph 

 22.0
1251000

280

10
4

1000
100

bd

A100
p

2

st
t 



















 





  

 
P

R

st

st
ys A

A
f58.0f   

 
5.280

9.270
50058.0  = 280 N/mm2 

 
Pa d

L

d

L













    Safe in deflection 

 

 

(i) 5d = 5 75 = 375 mm 

 

(ii) 300 mm 

Smaller
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10mm@280 mmc/c 
8mm@ 300 mmc/c 

125mm

3000mm 230mm 230mm 

150mm 
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(c).   In a material, the principal stresses are 60 MN/m2, 48 MN/m2 and -36 MN/m2. Calculate: 

 (i) Total strain energy 

 (ii) Volumetric strain energy 

 (iii) Shear strain energy 

 (iv) Factor of safety on total strain energy criterion if the material yields at 120 MN/m2 

 Take E = 200 GN/m2 and 3.0
m

1
          [20M] 

Sol: 1 = 60 MPa;   

 2 = 48 MPa 

 3 = –36 MPa 

 (i) total strain energy 

   133221
2
3

2
2

2
1 2

E2

1
U   

       6036364848603.02364860
102002

1 222
3




  

 U = 0.0195 N.mm 

  

 (ii) Volumetric strain energy  

 Assuming volume, V = 1 mm3 

  Volumetric strain energy = 0.0195 N-mm/mm3 

  

 (iii) Shear strain energy (or) Distortional strain energy 

       2
13

2
32

2
21shear G12

1
U   

     GPa77
3.012

200

12

E
G 





  

         222

3shear 366036484860
107712

1
U 


  = 0.178 
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(iv) Factor of safety on total strain energy criteria. 

  
2

S

y
133221

2
3

2
2

2
1 F

f
2 








  

  
2

S

3

F

120
1020020195.0 








  

  FS = 1.36 

 

 

08.(a) (i) A three-hinged stiffening girder of suspension bridge of span 130m is subjected to two 

point loads of 450 kN and 600 kN at distances 25m from left support and 40 m from right 

support respectively. The dip of the cable is 12m. Determine: 

 (i) Maximum tension in the cable 

 (ii) Shear force and bending moment values for girder at 40 m from the left support [10M] 

 

Sol: 

 

 

 

 

 

 

  

 

 

D 

25m 65m 

450 kN 600 kN 

40 m 

E 

h=12m 

130 m 
VA 

VB 
B 

H H 
A 

F 

C 
C 
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Reaction: 

  

 

 

 

 VD +VF = 450 + 600 (1) 

 Taking moment about ‘D’ 

 MD = 0   

 –VF  130 + 600  90 + 450  25 = 0 

 VF = 501.92 kN 

 VD = 548.07 kN 

 Horizontal reaction at each end of the cable  

 

 

 

 

 

h

M
H SE  

 Beam moment at ‘E’ the middle point of the girder  

 Sagging +ve 

 Hogging –ve 

             MSE = + 548.07 65 –450  40 

                 = 17, 624.55 kN-m 

25m 65m 

450 kN 600 kN 

40 m 
D F 

VD VF 

-ve +ve 

25m 65m 

450 kN 600 kN 

40 m 
D F

548.07 501.92 
65 m 

E 
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 kN71.1468
12

55.624,17
H   

 Udl transferred to the cable be ‘we’ per unit run 

          
h8

Lw
H

2
e  

 
128

130w
71.1468

2
e




  

         we = 8.34 kN/m 

 Vertical reaction at each supp9ort for the cable  

        kN1.542
2

13034.8

2

Lw
V e 


  

 Maximum tension in the cable 

        2222
max 1.54271.1468VHT   = 1565.56 kN 

 Shear force at any section of the girder. 

        S = Sx – H tan 

  x2L
L

h4
tan

2
  

  At 40 m from left end 

  402130
130

124
tan

2



  

  tan = 0.142 

 

  

 

 

 

 

 Sx = 548.07 –450 = 98.07 kN 

25m 

X 450 kN 600 kN 

40 m 
D F

548.07 501.92 
x=40m 

X 
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 Actual SF at 40 m from left end 

 S = 98.07 –1468.71  0.142 =  –110.48 kN 

 Actual BM at any section of the girder  

 M = Mx – Hy 

    40130
130

40124
xL

L

hx4
y

22m40 


 = 10.22 m 

 Beam moment at 40 m from left end  

 Mx = 548.07 40–450  20= 12922.8 kN-m 

 M = 12922.8 –1468.71  10.22 = –2087.41 kN-m 

 

08. (a).(ii)  A parabolic arch has a span of 20 m and is supported at different levels such that the 

crown C is 12 m from left support A and 8 m from right support B. The right support is 

higher than the left support by 2 m and the crown is higher by 1.5 m with respect to right 

support. The arch is hinged at the two supports and at the crown. Find the bending moment 

in the arch at a section Q, 4.5 m from the left support.  

[10M] 

 

Sol: 

  

 

 

 

 

 Note: Since no external loads or moments are applied and the member is free of support reactions, 

the bending moment is zero throughout the structure.    

 

 

 

A 

1.5m 

2m 
12m 

C 

8m B 
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(b).  A rectangular cantilever reinforced concrete (RC) beam of 300 mm  600 mm cross-section 

has an effective span of 3 m. It is subjected to a dead load (self-weight plus floor finishes) of 

35 kN/m and a live load of 1.5 kN/m at service state. The beam is reinforced with four rebars 

(reinforcing bars) of 25 mm diameter in tension zone and two rebars of 20 mm diameter in 

compression zone. Assume effective cover to both tension and compression reinforcement as 

50 mm. Use M25 concrete and Fe 500 grade steel. Estimate only the 'initial plus creep' 

deflection due to permanent loads. Creep coefficient= 1.6, ckc f500E  . Flexural strength of 

concrete ckcr f7.0f  . 

 Relevant portion of the IS 456 is enclosed. 

[20M] 

Sol: Given: 

b =300 mm, D = 600 mm, L =3m, DL = 35 kN/m, LL = 1.5 kN/m 

Ast : 4–25 mm, Asc : 2–20 mm, ec = d = 50 mm, M25, Fe – 500,  : 1.6, Ec = 5000 ckf , 

ckcr f7.0f   

Effective depth of beam 

 d = D – ec 

     = 600 –50 

    = 550 mm 

 Effective modulus of elasticity 

 



1

E
E C

ce 


1

f5000 ck

6.11

255000


  = 9615.4 N/mm2 

 Modular ratio 

 8.20
4.9615

102

E

E
m

5

ce

s 


  

 Actual depth of N.A 
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      xdmA'dxA1m5.1
2

bx
stsc

2

  

      x55025
4

48.2050x20
4

218.205.1
2

x300 22
2







  

 

 x1084.401046.221076.948x10975.18x150 36332   

 150x2 + 59.815  103x – 23.408  106 = 0 

 x = 243.11 mm 

 Section modulus 

 mm96.468
3

11.243
550

3

x
dZ   

 Moment of inertia of cracked section 

    2
st

2
sc

3

r xdmA'dxmA5.1
3

bx
I   

    2222
3

11.24355025
4

48.205011.24320
4

28.205.1
3

11.243300









  

= 1.437  109 + 731.04 106 + 3.846  109 

= 6.01  109 mm4 

M.I of gross c/s 

 
12

600300

12

bD
I

33

gr


 = 5.4 109 mm4 

Cracking moment 

 gr
t

cr
cr I

y

f
M   

        9104.5

2

600
257.0

  

        = 63  106 Nmm = 63 kNm 
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Maximum Bending Moment due to dead load 

 kNm5.157
2

335

2

Lw
M

22
D 


  

 Effective moment of inertia 

        

b

b

d

x
1

d

Z
.

M

M
2.1

I
I

wcr

r
eff







 

  

  

1
550

11.243
1

550

96.468

105.157

1063
2.1

1001.6

6

6

9







 







  

  = 5.95 106 mm4 > Igr 

  Hence Ieff = Igr = 5.4 109 mm4 

 Initial plus creep deflection due to permanent loads 

  
9

4

effce

4
D

permcci
104.54.96158

300035

IE8

Lw




  = 6.82 mm 
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(c). (i) Describe the different types of contract in brief. How is a tender document prepared? 

            [10M] 

Sol: Contract:    

  It is an agreement between two parties which is enforceable by law 

  Contract is a legal document and it is known of lawful object. 
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  Tendering is a process in which the project owner/client invite bids from potential 

suppliers/contractors for the purpose of engineering, procurement and construction works. 

  The Tendering process has following stages 

 1. Preparation of tender documents  

 2. Invitation to  Tender (Notice Inviting Tender) 

 3. Bid submission 

 4. Bid evaluation 

 5. Contract award  

  The following documents/details need to be provided in tender documents 

 i. Name of the authority inviting bids/Tenders 

 ii. Name of the project and its details 

 iii. Conditions for eligibility of contracting agencies to submit bids 

 iv. Estimated cost and time of completion of the project 

 v. Technical specification and drawings 

 vi. General conditions of contraction (GCC) and special conditions of contract (SCC) 

 

(c).(ii) Estimate the number of carriers, if the data for the project are the following : 

Quantity of material to be handled = 5000000 m3 

Capacity of the loaders to be engaged= 2.3 m3 

Capacity of bottom dampers = 30 m3 

Project to be completed in two shifts in 5 years with yearly working hours = 2000 hr  

Job and management factor = 0.70 

Operating efficiency = 0.85  

Bucket fill factor = 0.85  

Swell factor = 0.90 

 Cycle time for loader = 0.50 minute 

Lead distance = 6 km 

Speed during empty haul @ 25 km/hr and   loaded haul @20 km/hr   [10M] 



Civil Engineering 75 
 

 

 

 India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC‐JE,	RRB‐JE,	SSC,	Banks,	Groups	&	PSC	Exams	

Enjoy	a	smooth	online	learning	experience	in	various	languages	at	your	convenience	

Sol: 

Effective Loader Capacity = Loader Capacity × Bucket Fill Factor × Swell Factor 

      = 2.3 m³ × 0.85 × 0.90 = 1.759 m³ 

Total Available Working Hours = Project Duration × Yearly Working Hours 

= 5 years × 2,000 hr/year 

= 10,000 hours 

Effective Working Hours =  Total Hours × Operating Efficiency × Job Management 

Factor    =  10,000 × 0.85 × 0.70  = 5,950 hours 

Required Material per Hour = Total Quantity ÷ Effective Working Hours 

= 5,000,000 m³ ÷ 5,950 hr = 840.34 m³/hr 

Loader Cycle Time  = 0.50 minutes =  0.008 hours 

Cycles per Hour   = 1 ÷ 0.008 =  120 cycles/hr 

Loader Productivity  = 120 cycles/hr × 1.759 m³ 

     = 211.14 m³/hr 

Required Number of Loaders = 840.34 ÷ 211.14 = 3.98 

     =  4 loaders 

The dumper cycle time includes: 

 Loaded haul time = 6 km ÷ 20 km/hr  = 0.300 hr 

 Empty return time = 6 km ÷ 25 km/hr  = 0.240 hr 

Total Dumper Cycle Time = 0.300 + 0.240   = 0.54 hours 

Effective Dumper Capacity = 30 m³ × 0.90   = 27.0 m³ 

Cycles per Hour   = 1 ÷ 0.54   = 1.85 cycles/hr 

Dumper Productivity  = 1.85 cycles/hr × 27.0 m³ = 49.95 m³/hr 

Required Number of Carriers = 840.34 ÷ 49.95  

= 16.82 

= 17 carriers. 
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