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Instructions to Candidates 

You should have the following for this examination 

      -Answer Booklet, examination pass and student ID 

     -Drawing instruments.  

This paper consists of five questions.  

Attempt question ONE (Compulsory) and any other TWO questions. 

Do not write on the question paper. 



Question One 

(a) A soil specimen subjected to principal stresses fails in shear under increasing major 

principal stress. From basic principles, show that on the failure plane: 

(i) 𝑁𝑜𝑟𝑚𝑎𝑙 𝑠𝑡𝑟𝑒𝑠𝑠 𝜎Ө =  𝜎1𝑐𝑜𝑠2Ө+ 𝜎3 𝑠𝑖𝑛2Ө 

(ii) 𝑆ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠 𝜏Ө =  
(𝜎1−𝜎3)

2
 𝑠𝑖𝑛2Ө 

Where 𝜎1 = major principal stress, 

            σ3 = minor principal stress, 

             Ө = inclination of shear plane to the major principal plane. 

(20 marks) 
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Figure 1.1: Soil mass subjected to principal stresses 

Figure 1.1 shows a stressed soil mass. Determine the stresses on the plane B – B. 

(10 marks) 

    

Question Two 

(a) A shear box test carried out on a soil sample gave the data presented in table 2.1. 

 



Table 2.1: Results of shear box test: 

Test no. Normal  stress (kN/m2) Shear stress (kN/m2) 

1 100 98 

2 200 139 

3 300 180 

4 400 222 

 

For the soil tested, determine: 

(i) Cohesion, 

(ii) Angle of internal friction, 

(iii) The resultant stress on the shear plane when the normal and shear stresses were 

 200 kN/m2 and 139 kN/m2, respectively. 

(iv)  The magnitudes and directions of principal stresses that would be required to produce 

stresses on a shear plane as obtained in test No. 2. 

(18 marks) 

(b) Discuss the advantages and disadvantages of the shear box test over triaxial test. 

(2 marks) 

Question Three 

(a) Explain the following types of triaxial shear tests: 

(i) Undrained,  

(ii) Drained,  

(iii) Consolidated, undrained, 

(iv) Unconfined. 

(6 marks) 

(b) Results obtained from undrained triaxial tests on a soil 3 

(c) are given in table 3.1: 

 

 

 



Table 3.1: Undrained triaxial tests’ results 

Cell pressure  

(kN/m2) 

Additional axial stress at failure 

(kN/m2) 

200 700 

400 855 

600 1040 

 

Determine the coulomb’s equation for the shear strength of the soil in terms of total 

stresses. 

 (14 marks) 

Question Four 

(a) State and explain any five information items of a site investigation report. 

(10 arks) 

(b) Name and explain any three methods of collecting soil samples from a prospective 

construction site for laboratory testing and analysis. 

(6 marks) 

(c) Name and briefly explain any two methods of soil stabilization. 

 (4 marks) 


