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INSTRUCTIONS TO CANDIDATE 

1. This paper consists of TWO sections: A and B. 

2. Answer ALL questions in section A and ANY THREE (3) questions in section B. 

3. Marks for each question are indicated in the brackets. 

4. Candidates are provided with a separate answer booklet 

5. Do not write on the question paper. 

  

 

This paper consists of EIGHT (8) printed pages 

Candidates should check the question paper to ascertain that all pages are printed as 

indicated and that no questions are missing. 
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SECTION A (40 MARKS) 

Answer ALL the questions in this section. 

1. Structural drawings are produced using different software tools. List THREE software 

programs that are widely used in structural design.          (3 Marks) 

2. Structural design layouts are made up of several essential components that ensure the 

stability and functionality of a structure. Name THREE of these components  (3 Marks) 

3. Structural design is a key factor in ensuring safe and efficient construction of buildings. 

Outline FOUR important roles that structural design plays in building construction. 

  (4 Marks) 

4. A simply supported beam is subjected to a dead load (gk) = 6 k N/m and an imposed load 

(qk) = 4 k N/m. Using BS 8110 partial safety factors for dead + imposed loading, determine 

the ultimate design load per meter run.                  (4 Marks) 

5. In structural design, a structure is governed by limit states to ensure effective and safe 

design. Explain the following limit states. 

a. Ultimate Limit State (ULS)        (3 Marks) 

b. Serviceability Limit State (SLS)        (3 Marks) 

6. Figure 1 shows a simply supported rectangular beam of 7 m span carries characteristic dead 

(including self-weight of beam) gk, and imposed qk, loads of 12 kNm-1 and 8 kNm-1 

respective. The beam dimensions are breadth b, 275 mm and effective depth d, 450 mm. 

Assuming the following material strengths, calculate the area of reinforcement required. 

        fcu = 30 Nmm-2 

 fy = 500 Nmm-2  

 

 (6 Marks) 
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7. In structural design, different members are designed to carry loads safely. Name FOUR 

structural members commonly used in construction.                   (4 Marks) 

8. Figure 2 shows a cross section of a column, determine whether the reinforced concrete 

would be suitable to resist an axial load of 1500 KN. Assume that the design compressive 

strengths of the concrete and steel reinforcement are 14 and 375 N mm−2 respectively. 

         

 

                                               (5 Marks) 

9. A multi-story building is being constructed in an area prone to strong winds. As a structural 

engineer, list THREE ways you would use to ensure  columns and beams are designed to 

resist both vertical and lateral loads.                (3 Marks) 

10. Retaining walls are structural members that resist lateral pressure from soil. List TWO 

common modes of failure in retaining walls.                  (2 Marks) 
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SECTION B (60 MARKS) 

Answer Any THREE Questions in This Section 

11. Figure 3 shows a reinforced concrete beam which is 300 mm wide and 600 mm deep is 

required to span 6.0 m between the centers of supporting piers 300 mm wide. The beam 

carries dead and imposed loads of 25 kNm-1 and 19 kNm-1 respectively. Assuming fcu = 30 

Nmm-2, fy = fyv = 500 Nmm-2 and the exposure class is XC1, design the beam. 

 

(20 Marks) 

12. Columns are vertical structural members that transfer loads from beams and slabs to the 

foundation. Their design is critical for the safety and stability of a structure. 

a. A reinforced concrete column carries a factored axial load of 800 kN. The column 

is square with a side of 400 mm and uses M20 concrete and Fe500 steel. Calculate 

the area of steel reinforcement required for the column.                 (4 Marks) 

b. According to BS 8110, short braced columns are classified into different categories 

depending on the loads and moments they carry. Describe the THREE categories 

of short braced columns.                      (6 Marks) 

c. Figure 4 shows a column. Using table 3.19, determine if the column is classified as 

a short column.                     (10 Marks) 
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13. Figure 5 shows a 400 mm square column carries a dead load (Qk) of 1050 kN and imposed 

load (Gk) of 300 kN. The safe bearing capacity of the soil is 170 kNm2. Design a square 

pad footing to resist the loads assuming the following material strengths. 

 

   (20 Marks) 

14. The selection and use of construction materials play a vital role in ensuring structural safety, 

durability and cost-effectiveness of a building project. 

a. Explain THREE factors that should be considered when selecting construction 

materials for a building project.       (6 Marks) 

b. Discuss the THREE properties of reinforced concrete as a structural material 

           (6 Marks) 

c. Describe FOUR impacts of improper material selection on the safety, durability and 

maintenance costs of a structure.                (8 Marks) 
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DESIGN TABLES 
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Table for calculating area of reinforcement   
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