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Question 1.   
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Figure Q1 

 
Figure Q1 shows a rigid-jointed frame ABCDEF pinned to a support at A and fixed to 
a support at F.  The plastic moment is Mp for the beam, and 2Mp for the columns. 
 
The frame carries two horizontal loads of 48 kN as shown in Figure Q1. 
 

a. Find the values of MP which correspond to the following collapse 
mechanisms: 

i) Plastic hinges at B and C. 
ii) Plastic hinges at D, E and F 
iii) Plastic hinges at C, D and F  

(13 marks) 
 
b. Draw the bending moment diagram for the most critical of the collapse 

mechanisms in part (a), showing values at A, B, C, D, E and F.        
(10 marks) 

 
c. Is the yield condition satisfied with the critical collapse mechanism?  

(2 marks) 
 

Total 25 marks 
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Question 2  

   
1. Explain the difference between a short, stocky column and a long, slender 

column failure.              
(5 marks) 

 
2. A multi-storey building requires an internal steel column which will carry an 

ultimate design axial compressive load of 2300 kN. The column has pinned 
boundary conditions at each end, and the inter-storey height is 6 m.  

 
Two alternatives are proposed: 
 

i) A circular hollow section with a diameter 273 mm and wall thickness of 12.5 
mm as shown in Figure Q2(a).  
 

ii) Hot rolled UKC 254x254x107 section as shown in Figure Q2(b). 

 
(a) By using the EC3 method, assess the suitability of both alternatives to resist 

the ultimate design axial compressive load.   
(17 marks) 

 
(b) What conclusion do you draw from the results in part (a)?   

           Which section shape do you recommend and why?   
(3 marks) 

 

  
 

d =  273 mm 

t =  12.5 mm 

A =  102 cm2 

Iy=Iz = 8700 cm4 

Class 1 section. 

Steel grade S275 

 

 

Figure Q2 

Total 25 marks 
 

Question 2 continued over the page… 

(a) (b) 

h =  266.7 mm 

b =  258.8 mm 

tw =   12.8 mm 

tf =    20.5 mm 

A =   136  cm2 

Iy =  17500 cm
4
 

Iz =    5930 cm
4 

iy =   11.30 cm 

iz =     6.59  cm 
Class 1 section 

Steel grade S275 
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Question 2 continued 
 
Additional information: 

Euler critical load    

Modulus of Elasticity  E = 210 kN/mm2 
Yield strength    fy = 275 N/mm2 
 

 
Extracts from EC3 to be used with Question 2 are included with this paper.  
  

 
 
 

Please turn the page 
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Question 3 
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Figure Q3 

 
Figure Q3 shows a pre-stressed concrete beam. The beam contains seven pre-
stressing strands (12.9mm diameter, 7 wire super strand) at a height of 140mm from 
the bottom of the beam. 
 
The beam supports dwellings and so the proportion of the variable load to be 
considered in the quasi permanent loading condition is 0.3. In service, the beam is 
simply supported over a span of 7.5m and carries the following loads: 
Permanent load (including beam self-weight) 55 kN/m 
Variable load     45 kN/m 
 
Characteristic breaking load of one strand  = 186 kN 
Initial pre-stress       = 70% of UTS 
Pre-stress losses       = 25% of initial pre-stress 
Concrete strength at transfer    fck  = 35 N/mm2 
Concrete strength in service    fck  = 45 N/mm2 
For the whole concrete section:   Area  = 523.7 x 103 mm2 

INA  = 26.8 x 109 mm4 
Limiting stresses in concrete: 
At transfer  0.6 fck in compression; 1 N/mm2 in tension  
In service  0.45 fck in compression; 3.8 N/mm2 in tension 
 
(a) Compare the advantages and disadvantages of bonded and unbonded pre-

stressed concrete construction 
  

(4 marks) 
 

Question 3 continued over the page… 
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Question 3 continued 

 
(b)  Calculate the stresses in the concrete at the top and bottom of the beam: (i) at 

transfer; (ii) in service under quasi-permanent loads 
    

(12 marks) 
 

(c)  Draw the distribution of stress over the height of the beam: (i) at transfer; (ii) in  
 service under quasi-permanent loads 
     

(4 marks) 
 

(d) Compare the calculated values of stress in the concrete with the limiting  
values of stress in the concrete: (i) at transfer; (ii) in service under quasi-
permanent loads    

(3 marks) 
 

(e) Comment on the adequacy of the beam. Suggest two ways to improve the 
capacity of the beam   

(2 marks) 
 

Total 25 marks 
 

Please turn the page 
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Question 4 
 
The L shaped bracket shown in the Figures Q4 (a) and Q4 (b) is connected to a steel 
column 410mm deep with 8 M20 grade 8.8 bolts. The shear capacity of one bolt is 
91.9kN; the tensile capacity of one bolt is 110kN. The bracket is formed from 
UB409 x 178 x 74 kg/m steel section with the following properties: 
Web thickness  9.7mm 
Flange thickness  16mm 
Depth of section  413mm 
Width of section  180mm 
 
A factored vertical force of 105kN is applied at the location shown in the plan view of 
the bracket. 
 
(i) What is the out of plane moment in the bolt group?  

(2 marks) 
 
(ii) What is the in plane moment in the bolt group?   

(2 marks) 
 
(iii) What are the tension and shear forces in the two bolts in bolt row b1?       

(15 marks) 
 

(iv) Comment on the adequacy of the specified bolts.  
(2 marks) 

 
(v) What further checks should be carried out to confirm the adequacy of this  
 connection?    
  

(4 marks) 
 

Total 25 marks 
 

Question 4 continued over the page… 
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Question 4 continued 
 

 
 

 
  

END OF QUESTIONS 
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Figure Q4 (a) 

PLAN VIEW ON BRACKET 
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