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Special Instructions : Answer Any Five questions. WrHe.OU..parts of a question in One Place.

Ql Answer any FIVE of the following:

(i). Show cutter failure in a stratified deposits.

(ii). Show with a diagram point anchored and full length anchored bolts?

(iii). Different variations of Chock support and their stress vs. strain characteristics.

(iv). The effect of shape and size of a pillar on its strength can be shown graphically as .
(draw the graphs).

(v). Shear stress and axial stress developed in a fully grouted bolt can be shown pictorially
as (Draw the figure).

(vi). Compare the vertical stress developed in a panel of height (h) by water and a granular
material like sand.

(vii). A vertical circular shaft is driven in a granitic rock free from discontinuity, the major, minor
and intermediate principle stress at a depth of y m from surface on circumference is (a)
............. , (b) , and (c)......... The in-situ stress field at y m depth is
hydrostatic.

8MPa 111Q2 (a) A plan view of a vertical shaft of 4 m radius is
driven in an in-situ stress field as shown in figure.
It is found that a discontinuity plane located near
the shaft boundary at . epth of 250 m from
surface. The cohesive and friction angle of joint
surface is 1.5 MPa and 30° respectively. Check
the stability of discontinuity plane at point A
considering Mohr-Coulomb failure criteria. Also,
show the magnitude and direction of induced
stresses (normal and shear stresses) at point A on
a small 20 element. Pi

R4.0
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(b) If a circular tunnel of 3m radius is driven in a hydrostatic stress field of 8 MPa with an uniform [5]
internal support pressure of P, = 0.5MPa. If angle of internal friction and cohesion of rock

mass in fractured and intact rock around the tunnel are f/Jf = 35" , C f = 0.25 MPa , f/Jr = 25° and
c, = 1.0MPa respectively. It is found that the fractured zone is developed around the opening
within a radius of3.71 m. Now, It is desired to redesign the internal support pressure to keep
the zone of fracture to a minimum value. Then, find the new internal pressure.
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Q3 (a) In an underground metal mine, two joints viz. joint plane 1 and joint plane 2 are identified in a [4]
natural pillar at a depth of 100 m. The cohesion (c), angle of internal friction (qJ) and dip (,8)
of the joint planes are as follows:

Joint plane 1: c = t.? MPa, rp = 30" , f3 = -60"
Joint plane 2: c = 2.5 MPa, rp = 20" , f3 = 30°

The pillar width is 5 m square corner to corner whereas the gallery width is 10m center to
center. The average unit weight of overlying strata above pillar is 25 kN/m3. Determine the
minimum failure strength and the direction of slip of'a two joints in a pillar. Show the jointed
pillars with the direction of slip with schematic diagram ..

(b) A flat coal seam at a depth of 100 m is being developed by bard and pillar method of mining [6]
with square pillar of width 30 m and gallery width 4.2 m. The unit weight of the overlying
rock strata is 25 kN/m3• Strength of 30 em cubical coal sample is 3 MPa. During depillaring
operation, pillars are splitted into two halves (called stock) and later six slices (i.e. A to D) are
removed in sequence by leaving intact rib pillars as shown in figure below. Find the FOS of
development pillar and rib pillar based on tributary area method.

- ..'-. '" '" ". ", ". 4 .•..•••

Q4 (a) A coal mine gallery of 4 m width at a depth of 100m uses two different types of wooden support [5]
i.e. a roof bar and goal post are uniformly loaded. The unit weight of overlying strata above
gallery is 20 kl-l/m:'. The cross sectional area of the wooden support is 150 mm height and 80
mm wide. The flexural modulus of elasticity of wood material is 6.24 GPa. Ignore the weight
of the support and the force per unit length transferred from roof is same. Draw schematic
diagram of these two supports and compare their effectiveness to control the roof deformation.
Which support is mare efficient in providing higher factor of safety. State your assumptions if
any.
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(b) In a coal mine, it is proposed to compare
the effectiveness of active and passive
supports of equal yield capacity when
installed in roof of a mine gallery. The
area of cross section of these supports
are 0.015 m2. The ground reaction
curve (ORC) is linear elastic as shown
in Figure. The support reaction curve
(SRC) for active and passive supports
are elastic-perfectly-plastic. The yield
capacity and stiffness of active and
passive supports are 15 MPa and 0.03
MN/mm respectively. The active
supports are installed at a setting
pressure of 7.5 MPa. Both the supports
are installed after 5 mm of roof deformation. Draw ORC and SRC on graph paper and find the
maximum deformation occurred in the roof due to each support. Comment on the aspects of
ground control due to each support.
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Q5 (a) Draw schematic diagram to show the various forces acting on a slice while analyzing a circular [4]
failure. Develop the force equilibrium equations to solve the slicing method. Why some
assumptions are required to solve these equations. State the assumption of ordinary slicing
method. State whether the equilibrium conditions are satisfied after using these assumptions.

(bj Consider a plane slope shown in figure below. The water table in tension crack (be) is noticed [6]
at about 5 m below the crest. Average unit weight of sliding block (abed) is 25 kN/m3 whereas
the shear strength of the discontinuity plane (ab) i.e. cohesion and angle of internal friction is
350 kPa and 30° respectively. All linear measurements are in meter. Find the factor of safety
of the block against sliding if water is dripping from toe of the block. All dimension in Figure
is in meter.

a

b
100

J: 1.
Q6 (a) A sub-critical subsidence profile function in m is given as (6]

s(x) = 0.741-0.75 tanh ( ~ )

The inflection points are located 5 m inside the edges of the panel. Assuming the depth of the
panel H is 200 m, draw the subsidence profile as s versus x on graph paper. Here, x is the
distance measured in m from the inflection point in the direction of decreasing subsidence.
Calculate the

(i) radius of major influence, and
(ii) slope at point of inflection
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(b) A rectangular excavation of height (m), width (W) and length (L) induces a vertical chimney [4]
of elliptical cross-section with axes Wand L as shown in figure. Develop a cave (Chimney)
formula in terms of bulking factor, caving geometry and angle of repose of broken material. If
the depth of the excavation is 100 m, bulking factor is 1.3, angle of repose of broken material
is 35°, excavation height is 3.5 m, width is 4.8 m and length is 5.5 m, is there any danger on the
surface due to sinkhole subsidence? .

L

Hint for Formulas
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Volume of sliding block given in Q5(b) is

h
2

[ b 2 ]Y 2 cot a - cot {3 - (cot a - cot (3 - j;) tan a
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