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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 

Do not write on the question paper 

 

 

This paper consists of SIX (6) 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. In structural design, engineers must consider various forces acting on a building. 

Name FOUR types of loads commonly used in building design.     (4 Marks) 

2. A simply supported slab of 4 m × 3 m carries a dead load of 5 KN/m² and a live load of 3 

KN/m². Calculate the ultimate design load per square meter and the total load on the slab.

             (5 Marks) 

3. The strength of a reinforced concrete column depends on several parameters. 

List FOUR factors that influence the load capacity of a column.     (4 Marks) 

4. A square column of 300 mm × 300 mm is reinforced with 4 bars of 16 mm diameter. 

Calculate the total steel reinforcement area provided.        (4 Marks) 

5. Different types of codes are used when conducting structural design in civil engineering 

structures. List THREE codes of practice used in structural design.                (3 Marks) 

6. Foundations are critical in transferring loads to the ground. Outline FOUR types of 

foundations used in building construction.           (4 Marks) 

7. A rectangular beam 300 mm wide × 500 mm deep is subjected to a bending moment of 120 

KN-m. Calculate the maximum bending stress induced in the beam section.  (4 Marks) 

8. A key challenge in structural engineering is optimizing designs for economy while 

maintaining safety standards. State FOUR effective cost-saving measures a designer can 

implement during the structural design phase.                (4 Marks) 

9. Effective reinforcement detailing is fundamental to the performance and longevity of a 

concrete slab. Outline FOUR key reasons why it is critically important.         (4 Marks) 

10. The design of modern structures is governed by the limit state philosophy to ensure both 

safety and usability. Differentiate between the Ultimate Limit State (ULS) and 

the Serviceability Limit State (SLS).         (4 Marks) 
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SECTION B (60 MARKS) 

Answer THREE Questions in This Section 

11. Timber is widely used in structural works such as beams, trusses and flooring systems due 

to its strength-to-weight ratio and ease of construction. Proper design ensures safety and 

durability under applied loads. 

a. Timber column 100 x 100mm square end is restrained both in position and not 

direction. Assuming that the actual height of the column is 3.75m. Using table 1. 

calculate the maximum axial load a long-term load that the column can carry using the 

data below: 

- Grade stress in compression parallel to grains = 6.8 N/mm2 

- E min                                                                  = 5.8 KN/m2 

            (12 Marks) 

b. Timber used in structural works is often affected by defects that reduce its strength, 

durability and appearance. Explain FOUR common defects in timber.         (8 Marks) 

12.      

a. Columns in reinforced concrete design are classified as short or long depending on 

their slenderness ratio. Differentiate between short columns and long columns under 

the following aspects. 

i. Slenderness ratio.                   (2 Marks) 

ii. Failure mode.                    (2 Marks) 

iii. Load carrying capacity.       (2 Marks) 

iv. Design considerations.                  (4 Marks) 

b. As a structural engineer designing a multi-storey building, you must select suitable 

materials that can withstand applied loads and environmental conditions. Explain 

FIVE properties of steel that are considered in structural design.  (10 Marks) 

13.  

a. Drawing 1 shows a simply supported rectangular beam of 7 m span carries 

characteristic dead (including self-weight of beam), gk, an imposed, qk, loads of 12 

kNm-1 and 8 kNm-1 . The beam dimensions are breadth, b, 275 mm and effective 

depth, d, 450 mm. Assuming the following material strengths, using Table 3 

calculate the area of reinforcement required.  

fcu = 30 Nmm-2 

fy = 500 Nmm-2 
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(10 Marks) 

b. Concrete is the most commonly used construction material in structural engineering 

due to its versatility and reliability. Explain FIVE properties of concrete considered 

in structural design.                                                (10 Marks) 

14. Drawing 2 shows a 400 mm square column carries a dead load (GK) of 1050 KN and 

imposed load (QK) of 300 KN. The safe bearing capacity of the soil is 170 kNm−2. Using 

Table 3 and 4, design a square pad footing to resist the loads assuming the following 

material strengths by.  

 

a. Calculate: 

i. Factored loading.           (5 Marks) 

ii. Bending Moments.         (5 Marks) 

iii. Area of reinforcement.       (7 Marks) 

b. Draw a structure detail of reinforcement showing key details.            (3 Marks) 
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DESIGN TABLES TO BRITISH STANDARD DESIGN CODE 

TABLE 1: Modification factor K12 for compression member 
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TABLE 3: Area of reinforcement  

 

Table 4: Cross-sectional area per meter width for various bar spacing (mm2) 
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