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INSTRUCTIONS

 This paper comprises of FIVE questions. Answer THREE questions

 Question one is Compulsory and carries 30 marks

 Answer any other TWO questions

QUESTION ONE

1. (i) Define the following terms

(a). Adit

(b). Tunnel Shaft

(c). RQD

(d). RMR classification system

(e). Q classification system

(f) Crown

(g) Invert

(h) Springline



(i) Competent rock

(j) dip/strike

(10 Marks)

(ii). Fig. Q1ii shows stress distribution around circular tunnel opening and square tunnel

opening. Compare and contrast the stress distribution in a & b. As an engineer which

shape of the tunnel opening will you choose? Why?

(3 marks)

a circular tunnel opening b square tunnel opening

Fig. Q1ii

(iii) Fig. Q1iii is a typical RQD borehole log information during a site investigation.

Calculate the RQD, and Total Core Recovery, TCR Would you classify the rock as

excellent, good, fair, poor, or very poor? Why? (3 Marks)

Fig. Q1iii

(iv) Assume that a road tunnel is 11 m in span and is excavated in a rock mass with a Q-value

of 3.5. Find the Excavation Support Ratio (ESR) and the equivalent dimension (De). Also

compute the bolt length, bolt spacing with and without shortcrete according to Barton and

Grimstad (2014). Required tables are as attached (3 Marks)

(v) Draw a sketch and label the key components of a Dam.

(5 Marks)



(vi) Rock bolts lead to less than 2% increase in post-excavation factor of safety, therefore

rock bolting is not a very useful technique in enhancing rock strength. To what extent do you

agree/disagree with this statement? Explain your answer. (2 marks)

(vii) What is the ground reaction curve? (2 marks)

(viii) Difference between safety and stability in rock tunneling. (2 marks)

QUESTION TWO

2. Fig. Q2i, shows stress distribution around a tunnel. Explain the curves and how they

will help in deciding a bolting regime support around a tunnel. Based on these curves

how far away may another tunnel of the same geometry be placed away from the first

tunnel? (5 marks)

(ii) State and explain Five uses of a dam.
(10 Marks)

(iii) In what direction should a tunnel be aligned? Under what conditions can this be
defied? (2 marks)

(iii) Describe key input parameters for the Mohr-Coulomb model in PLAXIS, an

application for computer-aided modeling in Geomechanics

(3 marks)



a Tunnel b Stress distribution around the tunnel.

Fig. Q2i

QUESTION THREE

3. i) The rock recovered as indicated (Fig.Q3i) was recovered from a moist rock mass

characterized by the following parameters: joint water pressure is nil: the point load

index = 6 Mpa; the joint spacing is 800 mm. If the joints have slightly rough surfaces;

an aperture less than 1 mm and consists of soft wall rock. Further, the rock consists of

two minerals with sonic wave velocities of 4000m/s and 6000m/s respectively. If the

sonic velocity of the insitu rock mass is 2033m/s. Find the porosity and classify the

rock using the terminology of Foumaintraux as per the attached Fig. Q3ii. Also find

the Total core recovery (TCR). (8 marks)

(ii) Compare & contrast RMR & Q systems of rock classification (8marks)

(iii) Squeezing ground is encountered at a depth of 350 m where yieldable steel arches

are being considered for support instead of fixed steel sets for a tunnel 5 m wide by 5 m

high. The rock mass is described as “squeezing rock, moderate depth,” so Hp = (1.1–

2.1)(B + Ht), say, Hp = 1.5(5 + 5) = 15 m, a substantial rock load. An arched back

section will be used if steel sets are decided upon; a circular section would be used if

yieldable arches are used. Determine the cross-sectional area of steel needed for the latter

option. Note symbols carry the usual meaning as learned in class (4 marks)

Fig. Q3i



Fig. Q3ii

QUESTION FOUR

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

The results (Fig Q4 & Table Q4) obtained from a seismic study along a section

of the centerline of a highway are shown below. Estimate the depths of the

different strata of soil and suggest the type of soil in each stratum.

(20 marks)



Fig. Q4i

Table Q4.

QUESTION FIVE

5. (i) A moist rock mass is characterized by the following parameters: joint water pressure is

nil: the point load index = 6 Mpa; the joint spacing=200 mm and RQD=61%. If the joints

have slightly rough surfaces; an aperture less than 1 mm and consists of soft wall rock.

Using the attached tables in the appendix, provide an RMR rating for the rock justifying

each step. Comment on the rock condition. (3 Marks)

(ii) Consider a horizontal, rectangular opening that is 3 m high and 6 m wide and

driven due north 1,524 m. Rock properties are (13 marks)

The premining stress state relative to compass coordinates is

where stresses are in kPa, h=depth in m, E, N, V refer to compass coordinates

(x=east, y=north, z =up) and compression is positive. Premining shear

stresses are nil relative to compass coordinates. How wide can this opening

be made before failure occurs at a depth of 533 m? Justify.



(iii) State and explain the uses of shafts. (4 marks)





Course Description



Design and construction of Tunnels, shafts and dams. Rock mechanics: classification according to strength, stress analysis,

mechanical testing. Determination of rock mass properties and rock support interaction. Use of Rock quality indices. Design of rock

bolts support systems. In-situ bearing capacity tests:- plate bearing, Dynamic Cone Penetration and Pile Load tests. Geotechnical site

investigations: boring and sampling, penetration tests, remote sensing, geophysical exploration. Numerical modelling in

Geomechanics. Introduction to related computer software.


