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MACHAKOS UNIVERSITY
University Examinations for 2022/2023

SCHOOL OF ENGINEERING AND TECHNOLOGY

DEPARTMENT OF BUILDING AND CIVIL ENGINEERING

FIFTH YEAR SECOND SEMESTER EXAMINATION

BACHELOR OF SCIENCE (CIVIL ENGINEERING)

ECV 507 GEOTECHNICAL ENGINEERING
DATE: TIME:

INSTRUCTIONS
. You should have the following for this Examination,

Battery-powered calculator

. This paper consist of Five Questions

. Attempt Question One and Any other Two.

. Question One carries 30Marks and is COMPULSORY.
The rest are 20 Marks Each.

1. a) Define the following terms

i) Adit

ii) Tunnel Shaft

iii) RQD

iv) RMR classification system

v) Q classification system (10 marks)

b) Fig. 1 is a typical RQD borehole log information during a site

investigation. Calculate the RQD. Would you classify the rock as

excellent, good, fair, poor, or very poor? Why? (5 marks)
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Fig. 1

c) A moist rock mass is characterized by the following parameters: joint water

pressure is nil: the point load index = 3 Mpa; the joint spacing=0.5 m and

RQD=55%. If the joints have slightly rough surfaces; an aperture less than 1

mm and consists of soft wall rock. Using a well-reasoned approach (tables

attached), justifying each step, provide an RMR rating for the rock. and

comment on the rock condition. (8 marks)

d) For the rock being considered in (iii) above. Assume it has two joint sets and

the wall rock is filled with stiff clay. Given the rock is loose with open

discontinuities, rate the rock and classify it according to the Q system.

(7 marks)

2. With the aid of well-labeled sketches, and necessary mathematical formulations

(if applicable), discuss the various modes of failure of grouted rock bolts.

(20 marks)

3. (i) Highlight various mechanisms through which rock bolts are normally

designed to effectively carry their loads in tunnels. (10 Marks)

(ii) Discuss various failure modes of in-situ rockmass. Also, state clearly

under what conditions such failure may occur. (10 Marks)
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4. (i) A shaft of internal diameter 3 m, is to be embedded 20 m deep in rock as

an opening to send supplies to the tunnel boring machine(TBM). The shaft

is to be made of concrete with an ultimate strength of 20 N/mm2. Given

the shaft has to resist a moment of 40,000kNm. If the thickness of the shaft

is 200mm. Check the suitability of this design to carry the bending

moment above. (6 marks)

(ii) Other than the functions of the tunnel shaft mentioned in 4(i) above,

discuss other tunnel shaft uses. (4 marks)
(iii) For the tunnel shown below P=100kN/m, R= 4m, Young’s modulus of the soil on

site is 200 MPa,Poisson’s ratio of the soil =0.25, Poisson’s ratio of concrete liner

=0.22. Compute ��
�
and a suitable liner Young’s moduls (El), if liner thickness (t)

is 0.15m. Use the Peck, Hendron, and Mohraz (PHM) method. Also determine

the compressibility (C) and Flexiblity (F) ratios, (necessary formulaes are as

attached).

(10 marks)

Fig. 1
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5. The results of a refraction survey (Figure 2 shown) at a site are given in the following

Table 1. Determine the thickness and the P-wave velocity of the materials encountered.

(20 marks)

Fig. 2

Table 1.



Examination Irregularity is punishable by expulsion Page 5 of 7



Examination Irregularity is punishable by expulsion Page 6 of 7

Compressibility ratio
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Flexibility ratio


