
 

 

UNIVERSITY OF JOHANNESBURG 

 

JUNE EXAM 2019 

 

COURSE:  ENGINEERING     TIME: 3 HOURS 

 

PAPER:  STRUCTURAL ENGINEERING 4A12  MARKS: 100 

       

EXAMINERS 1. Prof. M Dundu  

    2. Mr. H Sithole 

 

(THIS PAPER CONSISTS OF 6 PAGES) 

 

ANSWER ALL QUESTIONS.  

 

QUESTION 1   (25) 

 

(a) With the aid of a sketch, explain why fracture (and not yielding), is the relevant limit states 

across the bolt-holes. How does the code account for this?   

(5) 

 

(b) The truss in Figure 1.1 shows the forces determined using Prokon software. The span of the 

truss is 30m, with equal spaced vertical members. The pitch of the truss is 22º. It was suggested 

that a PC 230 x 90 - channel (Grade 350W) would be the most appropriate member to carry the 

forces in the top chord. Check whether the member is adequate enough to carry the load. 

Lateral support is provided by the purlins at the top joints. 

 
 

 
 

 

Figure 1.1 
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QUESTION 2     (25) 

    

Figure 2.1 shows a simple supported beam spanning 12m. The beam carries a 40kN nominal dead 

load and 50kN nominal imposed load at the third points of the span. The top flange is restrained 

against lateral movement at the ends of the span (A and D) and at each load point (B and C). 

Calculate the ultimate load, and draw the bending moment and shear force diagrams for the beam. 

Hence check the adequacy of a 533 x 210 x 82 I-section, to resist the ultimate loading. The section 

is of Grade 350W steel, the limit of deflection is L/300 and the formula for the maximum deflection 

is 23PL3/648EI. If the section is not adequate suggest the smallest section that can carry the load. 

Ignore the self-weight of the beam.     

 

 
 

Figure 2.1 

 

 

QUESTION 3     (35) 

 

A braced column between floors of a multi-storey building frame is subjected to biaxial bending at 

the top and bottom. The design data is as follows:  

 

Ultimate axial compression    = 2000 kN 

Ultimate moments:      

Top  - about major axis    = +100 kNm 

- about minor axis    = +30 kNm 

Bottom - about major axis    = -150 kNm 

- about minor axis    = -60 kNm 

 

Effective length of column    = 3.5 m 

 

(a) Sketch the bending moment diagrams of the moments above.  

(b) If a 254 x 254 x 132 H-section (Grade 350W) is chosen as the initial trial section to carry the 

design loads, check the adequacy of the section. 

 

 

 

 

 

 

 

40kN Dead Load 

50kN Imposed Load 

40kN Dead Load 

50kN Imposed Load 

4m 4m 4m 

A B C    D 



 

  

 

COURSE:  ENGINEERING    

 

PAPER:  STRUCTURAL ENGINEERING 3A  

 

QUESTION 4     (15) 

 

Figure 4.1 shows an eccentric loaded connection, with fillet welds on three sides of the bracket. If 

the ultimate load applied on the bracket is 200kN, find the maximum shear force in the weld. Hence 

calculate the required size of the fillet weld, if an E60XX electrode (fu = 410MPa) is used to weld 

the bracket. 

 

 
 

Figure 4.1 
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