Ref. No. : Ex/PG/CE/T/112D/2024

M. E. CIVIL ENGINEERING FIRST YEAR FIRST SEMESTER EXAM -

2024

ROCK MECHANICS AND TUNNELING
TIME: Three Hours FULL MARKS: 100

Answer all the questions
Assume any data if needed, reasonably

1. | (a) Write four key differences between rock and soil material. (2)
(b) How Intact rock and rock mass are different with respect to structural integrity and 3)
material properties?
(c) Explain the terms ‘strike’, ‘dip’, and ‘dip direction’ with a neat sketch. (5)
(d) Plot stereonet projection of the following two discontinuity planes having strike, dip,
and dip direction as given below:

Discontinuity Plane 1: Strike: N55°E; Dip Direction: $45°E ; Dip: 65° (15)
Discontinuity Plane 2: Strike: N60°W; Dip Direction: S35°W ; Dip: 35°
Also determine the dip and dip direction of the line of intersection.

2 | (a) Define the followings:

: )
(i) Orientation, (ii) Spacing, (iii) Persistence, and (iv) Aperture
(b) Find the RQD and core recovery ratio for the following borehole log.
- Core run total length - 200 ecm
———————— ReCovery e N(,) —
$.25 em recovery (3)

i0cm

*«— 3 cm —* 18cm I8 cm

29.5 un"l F 37.5cm

t N\

(c) A rock mass at a depth 200 m contains three fracture sets. One set comprises bedding
planes which are highly weathered, slightly rough surface, and are continuous with an
orientation of 180°/10° (fair). Another set of joints are slightly weathered, slightly rough, (10
and have an orientation of 185°/75° (unfavourable). The third set of joints are slightly
weathered, slightly rough, and have an orientation of 90°/80° (fair). The strength of intact
rock has been assessed as 55 MPa. The values for the RQD and mean fracture spacing are
reported as 60% and 0.4 m, respectively. Use the RMR system to classify the rock mass.

(d) It is proposed to construct an underground tunnel 500 m below the ground. The drilled
cores have an RQD of 85% and the number of joint sets is estimated to be 2. The joints are
rough, undulating, and unweathered with minor surface staining. The average uniaxial | (10
compressive strength of the cores is 190 MPa. The mjor principal stress acts horizontally | )

and is twice the vertical stress. The unit weight of rock is 30 kN/m®. The excavation is
relatively dry, with some dampness and negligible inflow. Estimate the Q-value and GSI.
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3. | (a) Explain different types of point load test. With neat sketch show the specimen shapes %
and loading direction.
(b) What is slake durability index? Briefly explain the procedure of determining the slake )
durability index.
(c) Point load tests were carried out on two sedimentary rock specimens of 54 mm
diameter (NX core), as shown the following figure The loads P, and P at failure are 6.28
KN and 4.71 kN, respectively. Find the point load strength index Zysoyin the two directions.
Py

(6)

(d) A sandstone core has 82 mm diameter and 169 mm length. On saturation in water its
wet weight is 21.42 N, after oven drying its weight is 20.31 N. Calculate its wet unit | (5)
weight, dry unit weight, and porosity.

4. | (a) What are the conditions for plane state of stress to be valid? 2)
(b) Write the stress-strain relationship for plane strain case. (3)
(c) What is octahedral stress? Show that the octahedral shear stress can be (10)
expressed in terms of stress invariants only.

(d) Determine the principal stresses, and principal axes for the following
stress matrix

18 (10)
[o;] =10 —50 0 kPa
24
Use the following data as required
Rating Adjustment for Discontinuity Adjustments
Strike and dip orientations Tery Favourable  Fair Unfavourable Tery
Javourable wunfavourable
Ratings Tunncls and mincs 0 -2 -5 -10 -12
Foundations 0 2 -7 -15 -25
Slopes 0 -5 -25 -50
Effect of Discontinuity Strike and Dip Orientation in Tunnelling
Strike perpendicular to unnel axis Strike paralle! to surmel axes
Drive with dip Drive against dip Dip 45-90°  Dip 20-45° Dip 0-20°
Dip 45-90° Dip 20-45°  Dip 45-90°  Dip 20~45° ""“"*Pt’cz"“' f
srike
Very Favourablc Fair Unfavourable Very Fair Fair

favowrable unfavourable
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Guidelines for Classification of Discontinuity Condition

Discontinuity length <1 1-3 3-10 10-20 >20
(persistence)
Rating 6 4 2 1 0
Aperture (mm) None <01 0.1-10 1-5 >3
Rating - 6 5 4 | 0
Roughness Very rough Rough Slightly rough Smooth Stickensided
Rating 6 5 3 l 0
Infilling (gouge) None Had filling Hard tilling Soll filling, Soft filbng
<5mm >5 mm <Smm >5mm
Rating 6 4 2 2 0
Weathering Unwecathered Slightly Madcrately Highly Decomposed
weathered weathered weathered
Rating -6 5 3 ! 0
Class J,

(a) Rock-wall contact, and (b) rock-wall before 10 em shear

A Discontinuous joints 4
B Rough or irregular, undulating 3
C  Smooth, undulating 2
D  Slicken sided, undulating 1.5
E  Rough or irrcgular, planar 1.5
I Smooth, planar 1.0
G Slicken sided, planar 0.5
(¢) No rock-wall contact when sheared
11 Zone containing clay minerals thick enough to prevent rock-wall contact 1.0
J Sandy, gravely or crushed zone thick cnough to prevent rock-wall contact 1.0

Note: (i) Descriptions refer to small-scale features and intermediate scale features, in that order. (i) Add
1.0 if the mean spacing of the relevant joint sct is greater than 3 m. (i11) J, = 0.5 can be uscd for planar joints
having lincations, provided the lineations are oriented for minimum strength. (iv) J, and J, classification is
applied to the joint set or discontinuity that is least favourable for stability, both from the point of view of
oricntation and shear resistance, t(where t= o, tan'' (J,/J,).
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| Class o.(°) J,
(a) Rock-wall contact (no mineral fillings, only coatings)
A Tightly healed. hard, non-softening. impermeable filling, i.c., quartz or epidote  — 0.75
B Unaltcred joint walls, surface staining only 25-35 1.0
C  Slightly altered joint walls, non-softening mineral coatings, sandy particles, 25-30 2.0
clay-free disintegrated rock, etc.
D  Silty- or sandy-clay coating, small clay fraction (non-softening) 20-25 3.0
E  Softening or low friction clay mincral coatings, i.c., kaolinite or mica. Also  8-16 4.0
chlorite, talc. gypsum, graphite. cte.. and small quantitics of swelling clays
(b) Rock-wall contact 10 ¢m shear (thin mineral fillings)
F  Sandy particles, clay-free disintegrated rock, etc. 25-30 4.0
G  Strongly over-consolidated non-softening clay mineral fillings (continuious, 16-24 6.0
but < 5 mm thickness)
H  Medium or low over-consolidation, softening, clay mineral fillings (continuous,  12-16 8.0
but < 5 mm thickness)
I Swelling-clay fillings. i.c.. montmorillonitc (continuous. but < 5 mm 6-12 8-12
thickness). Value of J,, depends on percent of swelling clay-size particles. and
access (o walcer. cte. ]
(¢) No rock-wall contact when sheared (thick mineral [illings)
KLM Zones or bands of disintegrated or crushed rock and clay (sce G, H, J for 6-24 G,80r
descriptions of ¢clay conditions) 8-12
N  Zones or bands of silty- or sandy-clay, small clay fraction (non-softening}) — 5.0
OPR  Thick. continuous zones or bands of ¢lay (see G, H. J for description of clay  6-24 10,13 or
condition) 13-20
Class Approx. waler pressure Jeo
(kgfem?)
A Dry cxcavations or minor inflow. i.c.. <5 I/min locally < 1.0
B Rough or irrcgular, undulating 1-2.5 0.66
C  Smooth, undulating ' 2.5-10 0.50
D  Slickensided. undulating 2.5-10 0.33
E  Rough or irregular. planar > 10 0.2-0.1
F  Smooth, planar >10 0.1-0.05

Note: (i) Factors C to I are crude estimates. Increase J,, if drainage measures are installed. (ii) Special
problems caused by ice formation are not considered. (iii) For general characterization of rock masses
distant from excavation influences, the use of J, = 1.0, 0.66. 0.5, 0.33. etc. as depth increases from say 0-5,
5-25. 25-250 to >250 m is recommended, assuming that RQDY,, is low cnough (c.g., 0.5-25) for good
hydraulic connectivity. This will help to adjust Q for some of the effective stress and water softening effects,
in combination with appropriate characterization value of SRF. Correlations with depth-dependent static
deformation modulus and scismic velocity will then follow the practise used when these were developed.
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Class SRIY
(a) Weakness zones intersecting excavation, which may cause loosening of rock mass when tunnel is
excavated.
A Multiple occurrences of weakness zones containing clay or 10
chemically disintegrated rock. very loose surrounding rock (any
depth)
B Single weakness zones containing clay or chemically disintegrated 5

rock (depth of excavation £ 30 m)

C  Single weakness zones containing clay or chemically disintegrated 2.5
rock (depth of excavation > 30 m)

D Multiple shear zones in competent rock (clav-lree), loose 7.5
surrounding rock (any depth)

F  Single shear zones in competent rock (clay-lree). (depth of 5.0
excavation S 50 m)

' Single shear zones in competent rock (clay-frec). (depth of 2.5
excavation > 50 m) '

G  Loose, open joints, heavily jointed or “sugar cube’, etc. (any depth) 5.0

(b) Compctent rock, rock mass problems aloy oo, SRI
H  Low sress, fuvourable stress condition > 200 < 0.0l 2.5
J  Medium stress, tavourable stress condition 200-10  0.01-0.3 1

K High stress, very tight pressure. Usually favourable to qlnhllm 10-5 0304 00.5-2
may be unfavourable for wall stability

Class SRF
L. Moderate slabbing after > 1 h in massive rock 5-3 0.65-1  50-200
M  Slabbing and rock burst after a few minutes in massive rock 3-2 0.65-1  50-200
N Heavy rock burst (strain-burst) and immediate dynamic <2 >1 200-400

deformation in massive rock

o0, SRI®
(¢) Squeczing rock: plastic flow of incompetent rock under the influence of high rock pressure

O  Mild squeezing rock pressure 1-5 5-10

P lleavy squeezing rock pressurce >8§ 10-20
Skt

(d) Squeezing rock: chemical swelling activity depending on presence of waler

R Mild swelling rock pressure 5-10

S Heavy swelling rock pressure 10-13

Norte: (i) Reduce the value of SRF by 25-50% if the refevant shear zones only influence but do not intersect
the excavation. This will also be relevant for characterization. (if) For strongly anisotropic virgin stress field
(if measured): When, 5 € 6)/0, S 10, reduce 6, 1o 0.75 0. When, 6, /0y > 10, reduce a. 1o 0.5a,., where
0, is the unconfined compressive strength, ¢, and 03 are the major and minor principal stresses, and oy, the
maximum tangential stress (estimated from elastic theory). (iti) Few ease records available where depth
below surface is less than span width, suggest as SRIY increases from 2.5 to 5 tor such case (see 11). (iv) Cases
L, M, and N are usually most relevant for support design ol deep tunnel excavations in hurd massive rock
masses, with RQD/J/,, ratios from about 50=-200. (v) For general characterisation of tock masses distant [rom
cxcavation influencces, the usc of SRI =35, 2,5, 1.0, and 0.5 is recommended as depth increases from say 0-5,
5-25, 25-250 or > 250'm. This will help to adjust Q for some of the effeets, in combination with appropriate
valucs of J,,. Correlations with depth-dependent static deformation modulus and seismic velocity will then
follow the practise used when these were developed. (vi) Cases of squeezing rock may oceur for depth
H > 3500", Singh (1993). Rock mass compresszon strength can be estimated from SIGMA,,,, = 5yQ.)?
(MPa) \\ln.rs. ¥ is the rock density in t/m®. and Q. = O x ¢,/100, Barton (2000).
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Class
A Massive, no. or few joints
B One joint set
C  One joint set plus random joints
D Two joint set
E  Two joint sct plus random joints
F  Three joint set
G Three joint set plus random joints
H
I Crushed rock, earth like

Four or more joint sets, random, heavily jointed, “sugar—cube’, etc.

12
15
20

Neote: (i) For tunnel intersections, use (3.0 x.J,)) (11) For portals, use (2.0 x J,).

GEOLOGICAL STRENGTH INDEX

From the description of structure and surface conditions of
the rock mass, pick an appropriate box in this chart.
Estimate the average vslue of the Geological Strength
Index (GS) from the contours. Do not attempt to be too
precise. Quoting a range of GSI from 36 to 42 is more
realistic than stating that GSI = 38. It is also important ot
recognize that the Hock-Brown criterion should only be
applicd to rock masscs where the size of the individual
blocks or picces is small compared with the size of the
excavation under consideration. When individual block
sizes are more than approximately one quarter of the
excavation dimension, failure will gencrally be structvally
controlled and the Hoek-Brown criterion should not be
uscd.

STRUCTURE

SURFACE CONDITIONS
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INTACT OR MASSIVE~—intact rock
specimcens or massive in situ rock with very few
widcly spaccd discontinuitics

N/A

N/A N/A

VERY BLOCKY-—interlocked, partially
disturbed rock mass with multifaceted angular
blocks formed by four or more discontinuity
sets

80
Vi
4 4 /
BLOCKY —very well interlocked undisturbed 70
rock mass consisting of cubical blocks formed v
by three orthogonal discentinuity sets /
60
A4 [/ / /

BLOCKY/DISTURBED—folded and/or
faulted with angular blocks formed by many
intersecting discontinuity sets

DISINTEGRATED—poorly interlocked,
heavily broken rock mass with a mixture of
angularand rounded rock picces

< DECREASING INTERLOCKING OF ROCK PIECES

FOLIATED/LAMINATED—folded and
tectonically sheared foliated rocks. Schistosiy
prevails over any other discontinuity set,
resulting incomplete fack of” blockiness

N/A

N/A

-/
|

/Y
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