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Total Marks  : 100 

Writing Time  : 150 minutes (2.5 hours) 

Reading Time : 15 minutes (prior to writing time) 
 

 

GENERAL INSTRUCTIONS:  
 

1. Write your Registration Number clearly and correctly on the Answer Booklet. 

2. The first 15 minutes is provided to check the number of pages of the Question Paper, printing 

errors, clarify doubts and to read the instructions. You are NOT permitted to write during this 

time. 

3. This paper consists of TWO SECTIONS,  namely SECTION A & SECTION B: 

 SECTION A has two parts: Part I  -  30 Multiple Choice Questions 

Part II  -  4 Short Answer Questions  
 

All questions under SECTION A are COMPULSORY. 
 

 SECTION B consists of two Case Studies. Choose only ONE case study and answer the 

questions of your choice.  

4. All answers should be written on the Answer Booklet provided to you. Candidates are not 

allowed to write anything on the question paper. If required, ask for additional Answer Booklet. 

5. All answers should be written with correct numbering of Section, Part and Question Number in 

the Answer Booklet provided to you. Note that any answer written without indicating the 

Section, Part and Question Number will NOT be evaluated and no marks will be awarded. 

6. Begin each Section and Part on a fresh page of the Answer Booklet. 

7. You are not permitted to tear off any sheet(s) of the Answer Booklet as well as the Question 

Paper. 

8. Use of any other paper including paper for rough work is not permitted. 

9. You must hand over the Answer Booklet to the Invigilator before leaving the examination 

hall. 

10. This paper has 24 printed pages, including this instruction page. 

 

 

GOOD LUCK! 
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SECTION A 

 

PART I: Multiple Choice Questions [30 marks] 
 

Choose the correct answer and write down the letter of your chosen answer in the Answer 

Booklet against the question number e.g. 31 (d). Each question carries ONE mark. Any double 

writing, smudgy answers or writing more than one choice shall not be evaluated. 
 

1. Factor of safety against sliding of a slope is the ratio of 
 

a) actual cohesion to that required to maintain stability of slope. 

b) shear strength to shear stress along the surface. 

c) both (a) and (b) 

d) None of the above. 
 

2. For a particular grade of concrete and with lowering the grade of steel, the   
 

a) increases. 

b) decreases. 

c) sometime increases and sometime decreases. 

d) remains constant. 

 

3. The cross-section of a thermo-mechanically treated (TMT) reinforcing bars has 
 

a) soft ferrite-pearlite throughout. 

b) hard martensite throughout. 

c) a soft ferrite-pearlite core with hard martensite rim. 

d) a hard martensite core with a soft pearlite-bainitic rim. 

 

4. Closed contours of decreasing values towards their centre represent 
 

a) a hill. 

b) a river bed. 

c) a saddle or pass. 

d) a depression. 

 

5. The plinth area of a building does not include 
 

a) area of cantilevered porch. 

b) area of the walls at the floor level. 

c) area of stair cover. 

d) internal shaft for sanitary installations up to 2 sq m. in area. 

 

6. The layer at the center of gravity of the beam as shown in the figure below will be 
 

 

a) in tension. 

b) in compression. 

c) neither in tension nor in compression. 

d) None of the above. 
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7. If you are given a sample of soil containing coarse grains to determine its water content, you 

will use 

a) Pycnometer. 

b) oven-drying method. 

c) calcium carbide method. 

d) alcohol method. 

 

8. In a simply supported beam carrying a uniformly distributed load w per unit length, the point of 

contraflexure  
 

a) lies in the centre of the beam. 

b) does not exist. 

c) lies at the ends of the beam. 

d) depends upon the length of beam. 

 

9. The total length of a valley formed by two gradients - 3% and + 2% curve between the two 

tangent points to provide a rate of change of centrifugal acceleration 0.6 m/sec2, for a design 

speed 100 kmph, is 
 

a) 16.0 m 

b) 42.3 m 

c) 84.6 m 

d) None of the above. 

 

10. Referring to the given figure below, which one of the following statements is correct? 
 

 
 

a) The total length of centre line of four walls is 20 m 

b)  Length of long wall out-to-out is 6.80 m 

c)  Length of short walls in-to-in is 3.20 m 

d)  All of the above 

 

11. The rise of water table below the foundation influences the bearing capacity of soil mainly by 

reducing 
 

a) cohesion and effective angle of shearing resistance. 

b) cohesion and effective unit weight of soil. 

c) effective unit weight of soil and effective angle of shearing resistance. 

d) effective angle of shearing resistance. 

 

 

 

80 mm 
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12. Critical depth (h) of a channel is 
 

a)  

b)  

c)  

d)  

 

13. The rate of rainfall for successive 10 minute periods of a 60 minute duration storm, are shown 

in the figure below. If the value of  is 3 cm/hour, the runoff will be 
 

 
a) 2 cm 

b) 3 cm 

c) 4 cm 

d) 5 cm 

 

14. If there are m unknown member forces, r unknown reaction components and j number of joints, 

then the degree of static indeterminacy of a pin-jointed plane frame is given by 
 

a) m + r + 2j 

b) m - r + 2j 

c) m + r - 2j 

d) m + r - 3j 

 

15. The main reason for providing number of reinforcing bars at a support in a simply supported 

beam is to resist 
 

a) Compressive stress 

b) Shear stress 

c) Bond stress 

d) Tensile stress 

 

16. The stress-strain curve of the concrete as per IS: 456 is 
 

a) a perfect straight line up to failure. 

b) straight line up to 0.002  strain value and then parabolic up to failure. 

c) linear up to 0.002 strain value and uniform up to failure. 

d) parabolic up to 0.002 strain value and then uniform up to failure. 
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17. In a water treatment plant, dissolved iron manganese can be removed by 
 

a) aeration. 

b) aeration and coagulation. 

c) aeration and flocculation. 

d) aeration and sedimentation. 

 

18. The exact equation for super-elevation is  
 

a)  

b)  

c)  

d)  

 

19.  The following measurements were made during testing a levelling instrument. 
 

Instrument at A 
Staff reading at 

P1 Q1 

P 2.800m 1.700m 

Q 2.700m 1.800m 

 

P1 is closed to P and Q1 is closed to Q. If the reduced level of station P is 100.0000m, the 

reduced level of station Q is 
 

a) 101.000m 

b) 99.000m 

c) 100.000m 

d) 102.000m 

 

20. In selecting a rolled I-section for a simply supported beam, along with minimum sectional 

modulus, a minimum value of span/depth ratio is also ensured. This is stipulated to ensure that 
 

a) the buckling of beam does not take place. 

b) the shear stress in beam remains within permissible limits. 

c) the deflection of beam remains within permissible limits. 

d) the bending stress in compression is within permissible limits. 
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21. Two beams, one having square cross-section and other circular cross-section are subjected to 

the same amount of bending moment. If the cross-sectional area as well as the material of both 

the beams are same, then 
 

a) maximum bending stress developed in both the beams is the same. 

b) the square beam experiences more bending stress than the circular one. 

c) both the beams will experience the same deformation as the material is the same.  

d) the circular beam will experience more bending stress than the square one. 

 

22. A pipe is replaced by two parallel pipes, each with the half the cross-sectional area of the 

original pipe. The discharge will 
 

a) remain the same. 

b) decrease by more than 10%. 

c) increase by more than 10%. 

d) change by less than 5%. 

 

23. The bending moment diagram for a beam is given below. The shear force at sections aa and bb 

respectively are of the magnitude 
 
 

a) 100 kN, 150 kN 

b) zero, 100 kN 

c) zero, 50 kN 

d) 100 kN, 100 kN 

 

 

 

 

 

 

24. In the propped cantilever beam carrying a uniformly distributed load of w N/m, shown in the 

following figure, the reaction at the support B is 

 

a)  wL 

 

b)   wL 

 

c)  

 

d)  

 

 

 

 

 

B 
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25. The circular water pipes shown in sketch are flowing full. The velocity of flow (in m/s) in the 

branch pipe "R" is 
 

a) 4 

b) 3 

c) 5 

d) 6  

 

 

 

 

 

 

26. Group I contains representative load-settlement curves for different modes of bearing capacity 

failures of sandy soil. Group II enlists the various failure characteristics. Match the load-

settlement curves with the corresponding failure characteristics 

 
 Group I  Group II 

P Curve J 1  No apparent heaving of soil around the footing 

Q Curve K 2 Rankine's passive zone develops imperfectly 

R Curve L 3 Well defined slip surface extends to ground surface 

 

a) P-1, Q-2, R-3 

b) P-3, Q-2, R-1 

c) P-3, Q-1, R-2 

d) P-1, Q-3, R-2 

 

 

 

 

 

27. The degree of static indeterminacy of the rigid frame having two internal hinges as shown in the 

figure is 

 

a) 8 

b) 7 

c) 5 

d) 6 
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28. In the design of a reinforced concrete beam the requirement for the bond is not satisfied. The 

economical option to satisfy the requirement for the bond is  
 

a) bonding of bars. 

b) providing smaller diameter bars more in number. 

c) providing large diameter bars more in number. 

d) providing same diameter bars more in number. 

 

 

29. For the state of stress (in Mpa) shown in the figure above, the maximum shear stress (in Mpa) 

 

a) 5 

b) 2 

c) 4 

d) 0 

 

 

 

 

30. The ground  conditions at a site are shown as given in figure below. The saturated unit weight 

of the sand (KN/m3) is 

 

 

a) 15 

b) 18 

c) 21 

d) 24 
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PART II – Short Answer Questions [20 marks] 

 

This part has 4 Short Answer Questions. Answer ALL the questions. Each question carries 5 

marks.  Mark for each sub-question is indicated in the brackets.  

 

1. A horizontal cantilever 2.5 meter long is of rectangular cross-section 50mm wide throughout its 

length, and depth varying uniformly from 50mm at the free end to 150mm at the fixed end. A 

load of 3kN acts at the free end. 
 

Find the position of the highest stressed section and the value of the maximum bending stress 

induced? Neglect the self weight of the cantilever beam. (5 marks) 

 

2. A building having non-uniform distribution of mass is shown in the figure below. Locate the 

centre of mass with respect to the lower left corner of the building indicated by A? (5 marks) 

 

3. The following data are available in connection of an embankment: 
 

Soil from borrow pit: Natural density = 17.5 Mg/m3, Natural water content = 12% 
 

Soil after compaction: density = 2 Mg/m3, water content = 18% 
 

For every 100m3 of compacted soil of the embankment, estimate: 
 

i. The quantity of soil to be excavated from the borrow pit. (2.5 marks) 
 
 

ii. The amount of water to be added. (2.5 marks) 
 

Note: 1 g/cm3 = 1000kg/m3 = 103x103 g/m3 where Mg stands for Megagram = 106g 
 

 

4. It is proposed to widen a stretch of a single lane road of length 30km to two lanes at a total cost 

of Nu 5 million per km and the rate of interest is 8% per year. The annual cost of maintenance 

of the existing single lane road is Nu 500,000 per km and that of the improved road would be 

Nu 700,000 per km. The average vehicle operation cost on the existing road is Nu 3.0 per 

vehicle per km and that on the improved is estimated to be Nu 1.75 per vehicle per km. If 

present traffic is 2500 motor vehicles per day and by the end of 15 years design period the 

traffic is estimated to be doubled, determine whether the investment on the improvement of the 

road is economically viable, during the 15 years period. (5 marks) 

Capital Recovery Factor,    
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SECTION B: CASE STUDY [50 marks] 

 

Choose either CASE I or CASE II from this section. Each case study carries 50 marks. Mark 

for each sub-question is indicated in the brackets. 

 

CASE I 
 

Analyze the following 2D portal frame with the loading and support conditions as indicated in given 

figure by moment distribution method considering lateral sway of frame as well.  

 

1. Find the responses to each member due to the combination of all loading conditions resulting 

from the loads that the frame has to undergo. Draw the bending moment diagram. The 

measurements indicated are in millimeters. (30 marks) 

 

2. Design the member BC as reinforced concrete beam using following concrete grade of M25, 

reinforcement grade Fe500 and cover to reinforcement of 25mm. (10 marks) 

 

3. Design the member CD as reinforced concrete column using following concrete grade of M25, 

reinforcement grade Fe500 and cover to reinforcement of 40mm. (10 marks) 
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CASE II 
 

The Royal Government of Bhutan (RGoB) intends to build bus stands along Thimphu Babesa 

Express way so that the commuters using the public transport services can be provided better waiting 

areas while they wait for the buses along the route. The architectural design consultant have proposed 

free standing sloped roof having dimensions indicated as shown below. The roof angle  is 10 . 
 

1. Calculate the wind pressures and design forces on the roof so that the member components of 

the roof can be designed using following basic data:      (30 marks) 

a) basic wind velocity, vz = 44m/s 

b) terrain category 2 

c) topography factor, k3 = 1.0 

d) weight of PPGI sheet = 0.465 kg/m2  

e) weight of purlins = 200 N/m2  

f)    weight of bracing = 12 N/m2 

 

 
 

2. Calculate the resultant wind load on the rafter of the proposed truss and design it as tubular steel 

section? (10 marks) 

 

3. Calculate the resultant forces on the vertical member supporting the truss and design it as a 

compression member. The compression member can also be designed as tubular steel section?  

 (10 marks)    
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