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                                      INFORMATION FOR CANDIDATES 

1. You have 10 minutes to read the paper before the examination starts. You must not 

begin writing during this time. 

2. There are SEVEN (7) Questions in this paper. Answer any FIVE (5) questions 

which shall give a total of 50 points.   

3. Use only ink. Do not use pencils for writing except for drawings and sketches. 

4. Only Calculator is allowed in the examination room. MOBILE PHONE is not allowed 

(Switch your Mobile Phones OFF). Notes and textbooks are not allowed. 

5. Start each question on a new page and show all your calculations in the answer 

book provided. No other material will be accepted. 

6. Write your NAME and Student NUMBER clearly on the front page.  

Do it now. 

7. Marking Scheme: All questions carry equal marks.   
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Question One  [Internal Member Forces]   (10 marks)  
 

a) Discuss the Method of Joints and the Method of Sections and state their advantages or 
disadvantages in determining internal member forces of a truss or frame.  (2 Marks) 
 

b) Using the method of sections, write the equations and plot the shear force and bending moment 
diagrams for the cantilever beam shown in Figure Q1B. Indicate the salient values. (4 Marks) 

 

 
Figure Q1B 

 

c) Find the forces in the members BC, CF, and CE in the pin-jointed plane frame shown in ABCDEF 
shown in Figure Q1C and state the nature of the forces. Loads and dimensions are given in the 
diagram.         (4 Marks) 

 

 
 

Figure Q1C 
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Question Two  [Space Frame: Tension Coefficient Method]   (10 marks)  
 
Determine the forces in the pin-jointed tripod cantilever bracket shown in Figure Q2.  
 

 
 

Figure Q2 
 
 

Question Three   [Three-pinned Arch]    (10 marks)   

a) What is the difference between a two-pinned arch and a three-pinned arch? (2 marks)  
b) A three-hinged parabolic arch hinged at the supports and at the crown has a span of 24 m and a 

central rise of 4 m. It carries a concentrated load of 50kN at 18 m from the left support and a 

uniformly distributed load of intensity 30 kN/m over the entire span as shown in Figure Q3. Find 

the support reactions at the abutments/supports A and B, and the bending moments at the point 

load D and E (point load). Also draw the bending moment diagram for the arch (drawing not to 

scale).               (8 marks) 

 

 Figure Q3 
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Question Four   [Singularity Functions]   (10 marks)  
 

(a) Briefly discuss what singularity functions are and state why it is necessary for solving beam 

loadings.         (3 Marks)  

(b) Using Singularity Functions, express the shear forces and bending moment in the beam shown in 

Figure Q4, and draw the shear force and bending moment diagrams for the beam and indicate 

principal values. Loads and dimensions are indicated in the diagram.  (7 Marks)  

  

Figure Q4 

 
 
Question Five   [Torsion of Solid/Hallow Shafts]  (10marks)  
 

(a) A hallow shaft has to transmit 6 MW at 150 rev/min. The maximum allowable stress is not to exceed 
60 MN/m2 not the angle of twist 0.3 ° per meter length of shafting. If the outside diameter of the shaft is 
300 mm find the minimum thickness of the hollow shaft to satisfy the above conditions. G = 80 GN/m2.   
           (4 Marks)  
 

(b) A steel shaft 3 m long is transmitting 1 MW at 240 rev/min. The working conditions to be satisfied by 
the shaft are:          (6 Marks) 

1. That the shaft must not twist more than 0.02 radian on a length of 10 diameters;  
2. That the working stress must not exceed 60 MN/m2.  

If the modulus of rigidity of steel is 80 GN/m2 what is   
(i) The diameter of the shaft required;   
(ii) The actual working stress; 
(iii) The angle of twist of the 3 m length?  
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Question Six  [Bending & Shear Stress Distribution in Beams] (10 marks)  
 
(a) A uniform T-section beam is 150 mm wide and 200 mm deep as shown in Figure Q6A. If the 

limiting bending stresses for the material of the beam are 80 N/mm2 in compression and 160 

MN/m2 in tension, find the maximum uniformly distributed load (udl) w, that the simply supported 

beam can carry over a length of 4 m.        
 (3 Marks)  
 

 
 
 
 
 
 
 
 
 
 
 

Figure Q6A 

(b) After determining the UDL W, plot the Shear Force and Bending Moment Diagrams for the simply 
supported beam in Q6a.        (2 Marks) 

 
 

(c) A steel girder beam has a uniform I-section (Figure Q) is subjected to a shear force of 250 kN at a 
given position on the beam. Plot a curve to show the variation of shear stress distribution across 
the section and hence determine the ration of the maximum shear stress to the mean shear stress.  

(5 Marks)  
 

 
Figure Q6C 
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Question Seven   [Composite Beam Sections]   (10 marks)  
 

(a) State one reasons why a composite beam section may be necessary in design. (1 Marks) 
 

(b) A composite beam consists of a 400 mm x 250mm timber joist strengthened by the addition of two 
steel plates 190 mm x 13 mm, as shown in Figure Q7B. The safe stress in the timber is 6.5 
N/mm2, the safe stress in the steel is 175 N/mm2 and modular ration, n =20.  

i. Calculate the moment of resistance in N.mm      (3 Marks)  
ii. If stress in the steel must not exceed 150 N/mm2 and the stress in the timber must not 

exceed 8 N/mm2, calculate the safe uniformly distributed load in kN/m on a span of 5 
meters.  (2 Marks)  

 
Figure Q7B 

 

(c) A timber beam is reinforced by a Steel plate as shown in Figure Q7C. Transform the two materials 
into a timber beam section and calculate the maximum stresses in the two materials for a bending 
moment of 15 kN.m, and plot the stress (bending) distribution. Note: Modular Ration, ES/ET = 10.  

(4 Marks) 

 
Figure Q7C 

END OF EXAMINATION!!!! ALL THE BEST!!!!!! 
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Useful Properties of Areas 
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Torsion Formulas  
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Polar Second Moment Area 
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Composite Shaft – Parallel Connections 
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Shear Stress Distribution Formulas 

 

  

 


