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Question 1  

 
 

Figure Q1 
 

Figure Q1 shows a rigid-jointed frame ABCDE fixed to supports at A and at E. The plastic 

moment of resistance Mp is constant throughout. 

The frame carries vertical point load of 45kN and a horizontal load of 50kN as shown.  

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

i) Plastic hinges at B, C and D. 

ii)  Plastic hinges at A, B, D and E 

             iii)    Plastic hinges at A, C, D and E (15 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, and E. 

   (10 marks) 

  

Total 25 marks 

Please turn the page 
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Question 2  
 

a) Explain the difference in the mode of failure between a stocky and slender 
column. What is the limiting value of the non-dimensional slenderness ratio 
for a slender column when using the EC3 method? 

                                                                                                       (5 marks)  
 

b)  The column shown in Figure Q2 is pin ended about both the z-z and y-y axes 
with the addition of a tie at mid-height providing restraint in the y-y plane. If 
the column forms part of a braced framework, design the column in Grade 
S275 steel. The column is subjected to a design load NEd = 2560 kN. The 
size of the column is 254 x 254 x 89 UKC in S275 steel. 
Determine the buckling resistance of the column about both axes using EC3 
method. Comment on the results.    

(20 marks)                                                     

 

Figure Q2  

Total 25 Marks 

Please turn the page 

 



Page 4 of 14 
School of Engineering  
BEng (Hons) CIVIL ENGINEERING  
Semester Two Examination 2024/2025 
Advanced Structural Analysis and Design  
Module No. CIE6018 

 
 

 
From section property tables: 
 
Depth h = 260.3 mm 

Width b = 255.9 mm 

Web thickness tw = 10.5 mm 

Flange thickness tf = 17.3 mm 

Root radius r = 12,7 mm 

Depth between fillets d = 200.3 mm 

Radius of gyration y axis iy = 11.2 cm 

Radius of gyration z axis iz = 6.52 cm 

Area A = 114 cm2 

Modulus of elasticity E = 210 000 N/mm2 

Shear modulus G ≈ 81 000 N/mm2 

 

Partial safety factor 𝛾𝛾𝛾𝛾1 =1   Cross-section is Class 1    

Additional information:  

 
Extracts from EC3 to be used with Question 2 are included in Appendix A.  

 

 

Please turn the page 

 

 

 

 

 

 



Page 5 of 14 
School of Engineering  
BEng (Hons) CIVIL ENGINEERING  
Semester Two Examination 2024/2025 
Advanced Structural Analysis and Design  
Module No. CIE6018 

 
 

 
Question 3 - COMPOSITE SECTION 
Figure Q3(a) shows a simply supported composite beam made of steel and 

concrete slab. Figure Q3(b) shows its cross section. The beam is simply supported 

over a span of 6m that carries a uniformly distributed load of 60 kN/m (including 

the self-weight). 

 

 

Figure Q3 (b) 
 

The steel elastic modulus, Es, is 210 kN/mm2 and the concrete elastic modulus, Ec, 
is 20 kN/mm2. The steel beam has a cross-sectional area of 192 cm2 and a 
moment of inertia Ixx=101000 cm4. 
 

(a) Transform the composite section to an equivalent steel beam. Find the 

position of neutral axis from the bottom of the section and second moment of area I 
value of the transformed beam.                                                                                                                                 

(10 marks) 

Question 3 continues on the next page… 
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(b) Calculate the maximum stress in the steel, maximum stress in the concrete 

and the maximum deflection of the composite beam.                                                                           

(10 marks)  
(c) If the steel beam carried the load without composite action, find the 

maximum stress and maximum deflection of the steel beam. 

    (5 marks)  

The central deflection of a simply supported beam carrying a uniformly distributed 

load is given by:   δ = 5wL4/384EI 
(Total 25 marks) 

Please turn the page 
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Question 4 - Understanding structural behaviour   
In answering Question 4 use the multiple-choice marking sheet in Appendix B 

Q4-1  Choose the bending moment diagram (BMD) that matches the structure shown.  
(5 marks) 

 

 
A   

 

B  

 

C   

 

D  

 

 

Question 4 continues over the page… 
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Q4-2  Choose the correct deflected shape under the load shown.  
Assume constant EI.    

(5 marks) 
 

 
A   

 

B  

 

C   

 

D  

 

 

Question 4 continues over the page… 
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Q4-3  Choose the bending moment diagram (BMD) that matches the structure 
shown.                                                                                                                       
(5 marks)  

 

 

A   

 

B  

 

C   

 

D  

 

 

Question 4 continues over the page… 
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Q4-4 Choose the bending moment diagram (BMD) and shear force diagram (SFD) that 
matches the structure shown.                                                                                       
(5 marks).                                     

 

 

A  

 

B  

 

C  

 

D  

 

 

 

Question 4 continues over the page… 
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Q4-5 Choose the bending moment diagram (BMD) that matches the structure shown  

(5 marks) 

 

 

A  

 

B  

 

C  

 

 

 

 

(Total 25 marks) 
  

Appendix A & B over the page 

Please turn the page 
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APPENDIX A – Extract from EC3 to be used with Question 2 

 

APPENDIX A continued on the next page… 
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APPENDIX A continued…. 

Extract from EC3 to be used with Question 2 

 

Please turn the page 
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APPENDIX B 

Multiple choice answer sheet to be used with Question 4 

Please tear out this page of the exam paper and enclose it with your exam 
script.  

Student ID:_____________  
 
 

Student number:    

Questions  Circle the correct answers   

 
Marks  

(please leave 
this column 

blank)  

Q4 - 1  A  B  C  D    

Q4 – 2  A  B  C  D    

Q4– 3  A  B  C  D    

Q4 – 4  A  B  C  D    

Q4 – 5 A  B  C  D  
  

 
TOTAL    

 
It is essential that your answers are clear, as ambiguous answers and 
crossing out may make it impossible to award marks for parts of this 
question.  
 
 

END OF PAPER  



Design of composite sections – Formulae sheet 
 
 

- Modular ratio (MR) =  
𝐸𝑠

𝐸𝑐
 

           Where 𝐸𝑠 is the elastic modulus of steel   

                      𝐸𝑐 is the elastic modulus of concrete 
 

- Neutral axis from the base of the beam: 
 

𝑦𝑏𝑜𝑡𝑡𝑜𝑚 =  
∑𝐴 𝑦

𝐴𝑡𝑜𝑡𝑎𝑙
 

 

           Where 𝐴 is the cross-section area of each part 

                       y is the distance from the centre of each part to the bottom of the section  

                      𝐴𝑡𝑜𝑡𝑎𝑙 is the total cross-section area  
 

-   Second moment of area about neutral axis and Elastic section modulus: 
 

𝐼𝑁𝐴 =   ∑ 𝐼 + 𝐴ℎ2 

 

           Where 𝐼 is the second moment of area of each part (𝐼 =  
𝑏𝑑3

12
 ) 

                      𝐴 is the cross-section area of each part 

                       h is the distance from the centre of each part to the neutral axis  
 
 

                𝑍 =  
𝐼𝑁𝐴

𝑦
 

           Where 𝑍 is the elastic section modulus 

                        𝐼𝑁𝐴 is second moment of area about neutral axis 
                        y    is the distance from the bottom or top of the beam to neutral axis 
 

       
 

- Bending moment: 
 

                𝑀 =  
𝑤 𝐿2

8
 

            

           Where 𝑤 is the uniformly distributed load 

                       L is the span of the beam  
 

Please turn the page 



         
- Stress 

                  σ = 
𝑀 𝑦

𝐼
 

           Where 𝑀 is the bending moment 

                       y is the distance from the bottom or top of the beam to neutral axis 

                    𝐼 is the second moment of area 

 
- Maximum deflection at centre of a simply supported beam with a UDL : 

                       δ = 
5 𝑤 𝐿4

384 𝐸𝐼
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