
GATE 2023 Mining Engineering Question Paper with Solution

Time Allowed :120 Minutes Maximum Marks :100 Total Questions :65

General Instructions

Read the following instructions very carefully and strictly follow them:

1. Q.1Q.5 Carry ONE mark Each

2. Q.6–Q.10 Carry TWO marks Each

3. Q.11Q.35 Carry ONE mark Each

4. Q.36 – Q.65 Carry TWO marks Each

1. The line ran the page, right through the centre, and divided the
page into two.

(A) across

(B) of

(C) between

(D) about

Correct Answer: (A) across

Solution:
The sentence describes a line extending from one side of the page to the other.

The preposition ”across” means ”from one side to the other of (a place, area, etc.)”.

This fits the context perfectly, as the line goes from one side of the page to the other, through
the center.

The other prepositions do not fit the meaning:

- ”of” indicates possession or belonging.

- ”between” is used to refer to something in the middle of two other things.

- ”about” means on the subject of or concerning.
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Therefore, ”across” is the correct word to complete the sentence.

Quick Tip

In fill-in-the-blank questions involving prepositions, read the entire sentence to under-
stand the spatial or logical relationship being described. Visualize the action; here, a line
moving ”across” a surface is the clearest image.

2. Kind : :: Often : Seldom
(By word meaning)

(A) Cruel

(B) Variety

(C) Type

(D) Kindred

Correct Answer: (A) Cruel

Solution:
This is an analogy problem where we need to find the relationship between the first pair of
words and apply it to the second pair.

The relationship between ”Often” and ”Seldom” is that they are antonyms (opposites).

”Often” means frequently, while ”Seldom” means rarely or infrequently.

We need to find the antonym for the word ”Kind” from the given options.

The word ”Kind” means having a friendly, generous, or considerate nature.

The opposite of ”Kind” is ”Cruel,” which means willfully causing pain or suffering to others.

Let’s check the other options:

- (B) Variety: a number of different things. Not an antonym.

- (C) Type: a category of people or things. The word ’kind’ can also mean ’type’, but this
would make them synonyms, not antonyms.
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- (D) Kindred: similar in kind; related. Not an antonym.

Thus, the correct word to complete the analogy is ”Cruel”.

Quick Tip

For analogy questions (A : B :: C : D), first, precisely define the relationship between
C and D. Common relationships include synonyms, antonyms, cause and effect, part to
whole, and tool to user. Once identified, apply that same relationship to find B based on
A.

3. In how many ways can cells in a 3 × 3 grid be shaded, such that each row and
each column have exactly one shaded cell?

(A) 2

(B) 9

(C) 3

(D) 6

Correct Answer: (D) 6

Solution:
This is a problem of permutations. We need to place one shaded cell in each row and column
without overlap.
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Let’s consider the grid row by row:

Step 1: For the first row, we have 3 choices for placing the shaded cell (in column 1, 2, or 3).

Step 2: For the second row, since one column is already occupied by the shaded cell from the
first row, we only have 2 remaining choices.

Step 3: For the third row, two columns are already occupied by the shaded cells from the first
and second rows. Therefore, we only have 1 choice left.

The total number of ways is the product of the number of choices for each row.

Total ways = (Choices for row 1) × (Choices for row 2) × (Choices for row 3)

Total ways = 3 × 2 × 1 = 3!

Total ways = 6.

Therefore, there are 6 possible ways to shade the cells according to the given conditions.

Quick Tip

This problem is equivalent to finding the number of permutations of 3 items, which is
calculated as n! (n-factorial). For an n x n grid with the same condition (one item
per row and column), the answer will always be n!. This is also known as arranging n
non-attacking rooks on a chessboard.

4. There are 4 red, 5 green, and 6 blue balls inside a box. If N number of balls are
picked simultaneously, what is the smallest value of N that guarantees there will
be at least two balls of the same colour?

(A) 4

(B) 15

(C) 5

(D) 2

Correct Answer: (A) 4

Solution:
This problem can be solved using the Pigeonhole Principle.
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The ”pigeonholes” are the different categories of colors, which are Red, Green, and Blue.

Number of pigeonholes (colors) = 3.

To guarantee that at least two balls are of the same color, we must consider the worst-case
scenario.

The worst-case scenario is picking one ball of each distinct color before picking a second ball of
any color.

Step 1: Pick 1 red ball.

Step 2: Pick 1 green ball.

Step 3: Pick 1 blue ball.

After picking 3 balls (one of each color), we have not yet guaranteed a pair of the same color.

Now, if we pick one more ball, its color must be either red, green, or blue.

This 4th ball will inevitably match one of the colors of the balls already picked.

So, the minimum number of balls to be picked to guarantee at least two balls of the same color
is 3 + 1 = 4.

Quick Tip

The Pigeonhole Principle states that if you have N categories (pigeonholes), you must
pick N+1 items (pigeons) to guarantee that at least one category has more than one item.
In this case, there are 3 colors (N=3), so you must pick 3+1=4 balls.

5. Consider a circle with its centre at the origin (O), as shown. Two operations
are allowed on the circle.
Operation 1: Scale independently along the x and y axes.
Operation 2: Rotation in any direction about the origin.
Which figure among the options can be achieved through a combination of these
two operations on the given circle?
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(A)
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(B)

(C)
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(D)

Correct Answer: (A) An ellipse centered at the origin, tilted.

Solution:
Let’s analyze the effect of each operation on the initial circle centered at the origin. The equa-
tion of the circle is x2 + y2 = r2.

Step 1: Apply Operation 1 (Scale independently along the x and y axes).

This transformation changes a point (x, y) to (x’, y’) where x’ = ax and y’ = by for some
scaling factors a and b.

Substituting x = x’/a and y = y’/b into the circle equation gives:

(x
′

a )
2 + (y

′

b )
2 = r2

x′2

(ar)2
+ y′2

(br)2
= 1

This is the equation of an ellipse centered at the origin with its major and minor axes aligned
with the x and y axes.

Step 2: Apply Operation 2 (Rotation in any direction about the origin).

Applying a rotation to the axis-aligned ellipse from Step 1 will result in an ellipse that is still
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centered at the origin but whose axes are now tilted with respect to the x and y axes.

Examining the options, only option (A) shows a tilted ellipse centered at the origin, which is
the result of applying both scaling and rotation.

Option (B) is an axis-aligned ellipse (only scaling). Options (C) and (D) are not ellipses and
cannot be formed by these transformations.

Quick Tip

Scaling a circle centered at the origin along the axes produces an axis-aligned ellipse.
Rotating this ellipse results in a tilted ellipse. Both operations are linear transformations
and will always transform a circle into an ellipse (a special case of which is another circle).
Any shape that is not an ellipse cannot be the result.

6. Elvesland is a country that has peculiar beliefs and practices. They express
almost all their emotions by gifting flowers. For instance, if anyone gifts a white
flower to someone, then it is always taken to be a declaration of one’s love for that
person. In a similar manner, the gifting of a yellow flower to someone often means
that one is angry with that person.
Based only on the information provided above, which one of the following sets of
statement(s) can be logically inferred with certainty?
(i) In Elvesland, one always declares one’s love by gifting a white flower.
(ii) In Elvesland, all emotions are declared by gifting flowers.
(iii) In Elvesland, sometimes one expresses one’s anger by gifting a flower that is
not yellow.
(iv) In Elvesland, sometimes one expresses one’s love by gifting a white flower.

(A) only (ii)

(B) (i), (ii) and (iii)

(C) (i), (iii) and (iv)

(D) only (iv)

Correct Answer: (D) only (iv)

Solution:
Let’s analyze the given information and evaluate each statement for certainty.
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Information 1: ”if anyone gifts a white flower ..., then it is always taken to be a declaration of
one’s love”. This can be written as: White Flower → Love.

Information 2: ”gifting of a yellow flower ... often means that one is angry”. This is not a
certain rule.

Information 3: ”They express almost all their emotions by gifting flowers”. This means not all
emotions are expressed this way.

Now let’s evaluate the statements:

(i) ”one always declares one’s love by gifting a white flower”. This is Love → White Flower.
This is the converse of Information 1. The converse of a true statement is not necessarily true.
One might declare love with red flowers. So, (i) is not certain.

(ii) ”all emotions are declared by gifting flowers”. This contradicts Information 3 (”almost
all”). So, (ii) is not certain.

(iii) ”sometimes one expresses one’s anger by gifting a flower that is not yellow”. Information 2
says yellow flowers ”often” mean anger, not ”only” yellow flowers. However, the text provides
no information about other flowers expressing anger. We cannot infer this with certainty.

(iv) ”sometimes one expresses one’s love by gifting a white flower”. Information 1 states that
gifting a white flower is always an act of declaring love. Therefore, it is certain that love is
sometimes expressed in this way (specifically, every time a white flower is gifted). This state-
ment is certainly true.

Since only statement (iv) can be inferred with certainty, the correct option is (D).

Quick Tip

In logic questions, distinguish between a statement (P → Q) and its converse (Q → P).
The truth of one does not guarantee the truth of the other. Also, pay close attention to
qualifiers like ”always”, ”almost all”, ”often”, and ”sometimes”.

7. Three husband-wife pairs are to be seated at a circular table that has six iden-
tical chairs. Seating arrangements are defined only by the relative position of the
people. How many seating arrangements are possible such that every husband sits
next to his wife?

(A) 16

(B) 4
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(C) 120

(D) 720

Correct Answer: (A) 16

Solution:
Step 1: Treat each husband-wife pair as a single, inseparable unit.

Let the three pairs be P1, P2, and P3. We now have 3 units to arrange.

Step 2: Arrange these 3 units around a circular table.

The number of ways to arrange ’n’ distinct items in a circle is (n-1)!.

So, the number of ways to arrange the 3 pairs is (3-1)! = 2! = 2.

Step 3: Consider the internal arrangements within each pair.

For each pair, the husband and wife can be arranged in 2 ways (Husband-Wife or Wife-
Husband).

Since there are three pairs, the total number of internal arrangements is 2 × 2 × 2 = 23 = 8.

Step 4: Calculate the total number of possible seating arrangements.

Total arrangements = (Ways to arrange the pairs) × (Ways to arrange people within pairs).

Total arrangements = 2 × 8 = 16.

Therefore, there are 16 possible seating arrangements.

Quick Tip

For circular permutation problems with constraints, first, group the items that must stay
together and treat each group as a single unit. Arrange these units in a circle using (n-1)!.
Then, multiply by the number of ways the items can be arranged internally within each
group (m!).

8. Based only on the following passage, which one of the options can be inferred
with certainty?
When the congregation sang together, Apenyo would also join... But whenever
there was a special number, trouble would begin; Apenyo would try singing along,
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much to the embarrassment of her mother... At home too, Apenyo never kept
quiet; she hummed or made up silly songs to sing by herself, which annoyed her
mother at times but most often made her become pensive. She was by now con-
vinced that her daughter had inherited her love of singing from her father who had
died unexpectedly away from home.

(A) The mother was embarrassed about her daughter’s singing at home.

(B) The mother’s feelings about her daughter’s singing at home were only of annoyance.

(C) The mother was not sure if Apenyo had inherited her love of singing from her father.

(D) When Apenyo hummed at home, her mother tended to become thoughtful.

Correct Answer: (D) When Apenyo hummed at home, her mother tended to become thought-
ful.

Solution:
Let’s evaluate each option based on the text provided.

(A) The passage says the mother was embarrassed at church, not at home. At home, her singing
”annoyed her mother at times but most often made her become pensive.” So, (A) is incorrect.

(B) The passage explicitly states that the mother was annoyed ”at times” but ”most often”
became pensive. Therefore, her feelings were not ”only of annoyance”. So, (B) is incorrect.

(C) The passage states, ”She was by now convinced that her daughter had inherited her love
of singing from her father.” This directly contradicts the claim that she was ”not sure”. So,
(C) is incorrect.

(D) The passage says that Apenyo’s humming at home ”most often made her become pen-
sive.” The word ”pensive” means engaged in, involving, or reflecting deep or serious thought.
”Thoughtful” is a synonym for ”pensive”. Therefore, this statement can be inferred with cer-
tainty from the text.

Quick Tip

In reading comprehension, ”inference with certainty” means the conclusion must be di-
rectly supported by the text. Avoid options that make absolute claims (”only”, ”always”)
if the text uses qualified language (”at times”, ”most often”). Look for direct paraphras-
ing or synonyms, as seen with ”pensive” and ”thoughtful”.
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9. If x satisfies the equation 48x = 256, then x is equal to .

(A) 1
2

(B) log16 8

(C) 2
3

(D) log4 8

Correct Answer: (A) 1
2

Solution:
The given equation is 48x = 256.

Step 1: Express both sides of the equation with the same base. The base can be 4.

We know that 256 = 16× 16 = (42)× (42) = 42+2 = 44.

Step 2: Substitute this back into the equation.

48x = 44

Step 3: Since the bases are equal, we can equate the exponents.

8x = 4

Step 4: Solve for x.

x = 4
8

x = 1
2

This matches option (A).

Quick Tip

When solving exponential equations of the form ax = b, the most common strategy is
to express ’b’ as a power of ’a’ (i.e., b = ay). This allows you to equate the exponents
directly (x = y).

10. Consider a spherical globe rotating about an axis passing through its poles.
There are three points P, Q, and R situated respectively on the equator, the north
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pole, and midway between the equator and the north pole in the northern hemi-
sphere. Let P, Q, and R move with speeds vP , vQ, and vR, respectively.
Which one of the following options is CORRECT?

(A) vP < vR < vQ

(B) vP < vQ < vR

(C) vP > vR > vQ

(D) vP = vR ̸= vQ

Correct Answer: (C) vP > vR > vQ

Solution:
The linear speed (v) of any point on a rotating body is given by the formula v = rω, where ω
is the angular velocity and r is the perpendicular distance of the point from the axis of rotation.

For all points on the rotating globe, the angular velocity ω is constant.

Let Rg be the radius of the globe. The axis of rotation is the line connecting the North and
South poles.

For point P on the equator, its distance from the axis of rotation is the radius of the globe,
rP = Rg.
So, vP = Rgω.

For point Q at the north pole, it lies on the axis of rotation. Its distance from the axis is
rQ = 0.
So, vQ = 0× ω = 0.

For point R midway between the equator and the north pole, its latitude is 45°. The distance
from the axis of rotation is rR = Rg cos(45

◦) = Rg
1√
2
.

So, vR = (Rg/
√
2)ω ≈ 0.707Rgω.

Comparing the speeds:
vP = Rgω

vR ≈ 0.707Rgω
vQ = 0

Clearly, vP > vR > vQ.

14



Quick Tip

For any object rotating about a fixed axis, all points have the same angular velocity
(ω). The linear velocity (v) is directly proportional to the distance (r) from the axis of
rotation (v = rω). Therefore, the point farthest from the axis moves the fastest, and a
point on the axis has zero linear velocity.

11. The fault pattern shown in the figure is a case of .

(A) Normal fault.

(B) Reverse fault.

(C) Strike slip fault.

(D) Oblique slip fault.

Correct Answer: (A) Normal fault.

Solution:
In the given diagram, we need to identify the hanging wall (HW) and the footwall (FW).

The hanging wall (HW) is the block of rock that lies above the fault plane.

The footwall (FW) is the block of rock that lies below the fault plane.

By observing the diagram, we can see that the hanging wall (HW) has moved downwards rel-
ative to the footwall (FW).

This type of fault, where the hanging wall moves down with respect to the footwall, is defined
as a normal fault.

Normal faults occur in response to tensional stresses, which pull the rock apart.
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Quick Tip

A simple mnemonic to distinguish fault types: If you could walk on the fault plane, the
block under your feet is the footwall. In a ”normal” fault, the hanging wall slides down,
as you’d normally expect due to gravity. In a ”reverse” fault, the hanging wall is pushed
up, which is the reverse of normal gravitational movement.

12. The blast pattern of a coal face shown in the figure represents .

(A) burn cut.

(B) pyramid cut.

(C) wedge cut.

(D) drag cut.

Correct Answer: (C) wedge cut.

Solution:
Let’s analyze the three views provided in the figure.

The Front View shows that the drill holes are angled inwards, converging towards a central
vertical line.

The Top View also shows the holes converging towards the center.

The Side View shows the holes are drilled horizontally or slightly inclined.
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When these holes are blasted, they create an initial opening in the shape of a wedge, which is
then removed.

This specific arrangement of drill holes, forming a ’V’ or wedge shape to create the initial free
face, is known as a wedge cut or V-cut.

Quick Tip

Recognize common blast cut patterns from diagrams. A burn cut consists of parallel
holes, some of which are uncharged. A pyramid cut has holes converging to a single point
deep inside the rock. A wedge cut has holes converging towards a central line, as shown
here.

13. A shear stress τ acts tangentially to the upper surface of a block and causes a
small deformation ∆w as shown. The shear strain is calculated by .

(A) ∆w
w

(B) ∆w
h

(C) 2∆w
w

(D) 2∆w
h

Correct Answer: (B) ∆w
h

Solution:
Shear strain (γ) is defined as the measure of the angular distortion of a body.
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From the diagram, the original right angle at the bottom left corner has been distorted by an
angle θ.

The shear strain is given by γ = tan(θ).

From the trigonometry of the deformed block, the tangent of the angle θ is the ratio of the
opposite side to the adjacent side.

tan(θ) = horizontal displacement
height = ∆w

h .

For small deformations, as stated in the problem, tan(θ) ≈ θ.

Therefore, the shear strain is calculated as γ = ∆w
h .

Quick Tip

Remember the fundamental definitions of strain. Normal strain relates to a change in
length (∆L/L), while shear strain relates to a change in angle. For small angles, shear
strain is simply the ratio of the lateral displacement to the perpendicular height.

14. Given two vectors A⃗ = 3̂i + 2ĵ and B⃗ = î + ĵ, the magnitude of projection of A⃗
along B⃗ is .

(A) 5√
2

(B) 5√
13

(C) 5√
26

(D) 5

Correct Answer: (A) 5√
2

Solution:
The magnitude of the projection of vector A⃗ along vector B⃗ is given by the formula:

Magnitude =
|A⃗·B⃗|
|B⃗|

.

Given vectors are A⃗ = 3̂i+ 2ĵ and B⃗ = î+ ĵ.

First, we calculate the dot product A⃗ · B⃗:

18



A⃗ · B⃗ = (3)(1) + (2)(1) = 3 + 2 = 5.

Next, we calculate the magnitude of vector B⃗:

|B⃗| =
√

(1)2 + (1)2 =
√
1 + 1 =

√
2.

Now, we substitute these values into the formula:

Magnitude = 5√
2
.

Quick Tip

The projection of vector A onto vector B can be thought of as the ”scalar shadow” of A
on B. The formula involves the dot product, which measures how much one vector goes
in the direction of another, normalized by the length of the vector being projected upon.

15. Axial stress versus axial strain curves for two test results of a porous rock
from triaxial undrained compression tests are shown in the figure. The pore water
pressure for the curve B can be the best explained by

(A) U < 0

(B) U = 0

(C) U > 10

(D) 0 < U < 10

Correct Answer: (C) U > 10

Solution:
The strength and deformation behavior of a porous rock are governed by the principle of effec-
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tive stress.

The effective stress (σ′) is defined as the total stress (σ) minus the pore water pressure (U):
σ′ = σ − U .

A lower effective stress leads to a lower strength of the rock.

In the graph, for any given axial strain, the axial stress for Curve B is lower than the axial
stress for Curve A. This indicates that the rock sample in test B is weaker than in test A.

For Curve A, the pore water pressure is given as U = 10 MPa.

For the sample in test B to be weaker, its effective confining stress must be lower than that of
sample A.

Assuming the total confining stress is the same for both tests, a lower effective stress implies a
higher pore water pressure.

Therefore, the pore water pressure for Curve B must be greater than the pore water pressure
for Curve A.

So, U for Curve B ¿ 10 MPa.

Quick Tip

In rock mechanics, an increase in pore water pressure reduces the effective stress, which
in turn reduces the strength of the rock mass. On a stress-strain diagram, this effect is
seen as a downward shift of the curve.

16. Given two random variables X and Y, the expected value E(3X-5Y) is

(A) 3E(X) - 5E(Y)

(B) 3E(X) + 5E(Y)

(C) 3E(X) - 5E(Y) - 15E(XY)

(D) E(X) - E(Y) - E(XY)

Correct Answer: (A) 3E(X) - 5E(Y)

Solution:
This question is about the properties of expected values in probability theory.
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One of the most fundamental properties of expectation is the linearity of expectation.

The linearity property states that for any two random variables X and Y, and any constants
’a’ and ’b’:

E(aX + bY) = aE(X) + bE(Y).

This property holds true whether the random variables are independent or not.

In this specific problem, we have a = 3 and b = -5.

Applying the linearity property, we get:

E(3X - 5Y) = E(3X) + E(-5Y) = 3E(X) - 5E(Y).

Quick Tip

The linearity of expectation is a powerful and simple rule. Remember that E(aX + bY)
= aE(X) + bE(Y) always applies. Do not get confused with properties of variance, where
independence or covariance terms (like E(XY)) become important.

17. The reaction products of calcium hydroxide with acidic ferruginous mine water
are

(A) FeO, Ca+ and H+

(B) FeO, CaO and H2O

(C) FeH3, Ca
3+ and OH−

(D) Fe(OH)3, Ca
2+ and H2O

Correct Answer: (D) Fe(OH)3, Ca
2+ and H2O

Solution:
Acidic ferruginous mine water is characterized by low pH (due to H+ ions) and the presence of
dissolved iron, typically as ferric ions (Fe3+) and ferrous ions (Fe2+).

Calcium hydroxide (Ca(OH)2), also known as slaked lime, is a base used to treat this water. It
dissolves to provide Ca2+ and OH− ions.
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Two main reactions occur:

1. Neutralization: The hydroxide ions (OH−) from Ca(OH)2 neutralize the acid (H+): H+ +
OH− → H2O.

2. Precipitation: The hydroxide ions increase the pH, causing the dissolved iron to precipitate
as iron hydroxides. For ferric iron: Fe3+ + 3OH− → Fe(OH)3(s). Ferric hydroxide is a common
reddish-brown precipitate known as ”yellow boy”.

The calcium ions (Ca2+) from the calcium hydroxide generally remain dissolved in the water.

Therefore, the major products are ferric hydroxide (Fe(OH)3), calcium ions (Ca2+), and water
(H2O).

Quick Tip

The treatment of Acid Mine Drainage (AMD) typically involves adding an alkaline sub-
stance (like lime) to raise the pH. This neutralizes the acidity and causes dissolved heavy
metals like iron, aluminum, and manganese to precipitate out as insoluble hydroxides,
thus cleaning the water.

18. An underground coal mine experienced 5 serious injuries, 15 reportable in-
juries, and 25 minor injuries during 2020. If the average employment in the mine
is 1200, then the total injury rate per 1000 persons employed is .

(A) 54.0

(B) 20.83

(C) 37.5

(D) 60.0

Correct Answer: (C) 37.5

Solution:
First, we need to find the total number of injuries that occurred in the mine during 2020.

Total Injuries = Number of serious injuries + Number of reportable injuries + Number of minor
injuries

Total Injuries = 5 + 15 + 25 = 45.
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The problem asks for the total injury rate per 1000 persons employed. The formula is:

Injury Rate =
(
Total Number of Injuries
Average Employment

)
× 1000.

We are given:
Total Injuries = 45
Average Employment = 1200

Substituting the values into the formula:

Injury Rate =
(

45
1200

)
× 1000.

Injury Rate = 45000
1200 = 450

12 .

Injury Rate = 150
4 = 75

2 = 37.5.

The total injury rate is 37.5 per 1000 persons employed.

Quick Tip

Safety statistics in mining are crucial. Always be careful about the ’base’ of the rate
being calculated (e.g., per 1000 persons, per million man-hours, per million tonnes). The
general formula is always (Number of Events / Total Exposure) × Base.

19. A linear programming problem is given as:
Maximize Z = 4x1 + 2x2
Subject to:
2x1 − 2x2 ≤ 20
4x1 ≤ 80
x1 ≥ 0, x2 ≥ 0
The problem has

(A) Unbounded solution.

(B) Infeasible solution.

(C) Multiple optimal solutions.

(D) Unique optimal solution.

Correct Answer: (A) Unbounded solution.
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Solution:
Let’s analyze the feasible region defined by the constraints.

Constraint 1: 2x1 − 2x2 ≤ 20 =⇒ x1 − x2 ≤ 10 =⇒ x2 ≥ x1 − 10.

Constraint 2: 4x1 ≤ 80 =⇒ x1 ≤ 20.

Non-negativity constraints: x1 ≥ 0, x2 ≥ 0.

The feasible region is the area in the first quadrant satisfying these conditions. This region is
bounded by x1 = 0, x1 = 20, and x2 = 0 (partially), and the line x2 = x1 − 10.

If we fix x1 at a value (e.g., x1 = 20), the first constraint becomes x2 ≥ 20− 10 =⇒ x2 ≥ 10.

This means that for x1 = 20, any value of x2 ≥ 10 is feasible. The feasible region extends
infinitely upwards in the positive x2 direction. Thus, the feasible region is unbounded.

Now, consider the objective function to be maximized: Z = 4x1 + 2x2.

Since both coefficients of x1 and x2 are positive, the value of Z increases as x1 or x2 increase.

Let’s pick a point in the feasible region, say (20, 10). Z = 4(20) + 2(10) = 100.

Let’s pick another point (20, 100), which is also feasible. Z = 4(20) + 2(100) = 80 + 200 = 280.

Since we can make x2 arbitrarily large while staying in the feasible region, the value of Z can
also be made arbitrarily large.

Therefore, the problem has an unbounded solution.

Quick Tip

For a maximization linear programming problem, if the feasible region is unbounded, you
must check if the objective function can increase indefinitely within that region. If it can,
the solution is unbounded. If the objective function’s direction of increase leads out of
the feasible region, an optimal solution might still exist at a corner point.

20. A tabular, near-flat (dip ¡ 30°), and less than 2 m thick copper orebody having
erratically located grade is to be mined underground. Wall rock and orebody are
competent. The most suitable mining method is

(A) Cut and fill stoping.
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(B) Sub-level stoping.

(C) Underhand open stoping.

(D) Breast stoping.

Correct Answer: (D) Breast stoping.

Solution:
Let’s match the characteristics of the orebody with the requirements of the mining methods
listed.

Orebody characteristics:
- Geometry: Tabular (sheet-like) and thin (¡ 2 m).
- Orientation: Near-flat (dip ¡ 30°).
- Rock quality: Competent wall rock and orebody.
- Grade: Erratic.

Analysis of options:
(A) Cut and fill stoping: Best suited for steeply dipping orebodies (typically ¿ 45°). It is flexible
for erratic grades but unsuitable for a near-flat orebody.

(B) Sub-level stoping: Used for large, steeply dipping, competent orebodies. Not suitable for
thin, near-flat deposits.

(C) Underhand open stoping: This is a less common method, generally used in steeply dipping
veins, where mining progresses downwards. Not suitable for near-flat orebodies.

(D) Breast stoping: This is a method specifically designed for thin, tabular orebodies with a
gentle or near-flat dip. Mining advances horizontally along a ”breast” or vertical face. It is a
type of open stoping suitable for competent ground conditions. It also allows some selectivity
to follow erratic grades.

Based on the analysis, breast stoping is the most suitable method as it perfectly matches all
the given characteristics of the orebody.

Quick Tip

The selection of an underground mining method is primarily dictated by the orebody’s
geometry (shape, thickness) and orientation (dip), along with the rock mass quality of the
ore and wall rocks. For flat-dipping, thin, tabular orebodies, room-and-pillar or breast
stoping methods are the standard choices.
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21. x and y are functions of independent variables r and θ as given below
x = r cos θ, y = r sin θ
The Jacobian of x, y is

(A) tan θ

(B) r2 sin θ cos θ

(C) r2

(D) r

Correct Answer: (D) r

Solution:
The Jacobian of x and y with respect to r and θ is given by the determinant of the Jacobian
matrix J.

J =

∣∣∣∣∂x∂r ∂x
∂θ

∂y
∂r

∂y
∂θ

∣∣∣∣
First, we calculate the partial derivatives:

Given x = r cos θ:
∂x
∂r = cos θ
∂x
∂θ = −r sin θ

Given y = r sin θ:
∂y
∂r = sin θ
∂y
∂θ = r cos θ

Now, substitute these into the determinant:

J =

∣∣∣∣cos θ −r sin θ
sin θ r cos θ

∣∣∣∣
J = (cos θ)(r cos θ) - (-r sin θ)(sin θ)

J = r cos2 θ + r sin2 θ

J = r (cos2 θ + sin2 θ)

Using the trigonometric identity cos2 θ + sin2 θ = 1:

J = r(1) = r.
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Quick Tip

The Jacobian determinant for the transformation from Cartesian (x, y) to polar (r, θ)
coordinates is a standard result and is always equal to ’r’. This is a useful value to
memorize as it frequently appears in integral calculus for changing variables.

22. In project scheduling techniques, the CORRECT statement is

(A) Both CPM and PERT are deterministic.

(B) Both CPM and PERT are probabilistic.

(C) CPM is deterministic and PERT is probabilistic.

(D) CPM is probabilistic and PERT is deterministic.

Correct Answer: (C) CPM is deterministic and PERT is probabilistic.

Solution:
Let’s define the nature of CPM and PERT.

CPM (Critical Path Method): This technique is used for projects where the time required to
complete different activities is known with certainty. It uses a single, fixed time estimate for
each activity. Therefore, CPM is a deterministic model.

PERT (Program Evaluation and Review Technique): This technique is used for projects where
the time required for activities is uncertain. It uses three time estimates (optimistic, pes-
simistic, and most likely) to compute an expected duration for each activity. This accounts for
uncertainty and makes PERT a probabilistic model.

Based on these definitions, the correct statement is that CPM is deterministic and PERT is
probabilistic.

Quick Tip

Remember the key difference: CPM (Certainty) uses one time estimate per activity, mak-
ing it deterministic. PERT (Probability) uses three time estimates to handle uncertainty,
making it probabilistic. PERT is often used for R&D projects, while CPM is used for
construction projects with well-known task durations.
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23. As per DGMS guidelines, the risk score in Safety Management Plan for a
hazard is computed as

(A) Consequence × Exposure

(B) Consequence × Exposure × Probability

(C) Exposure × Probability

(D) Consequence × Probability

Correct Answer: (B) Consequence × Exposure × Probability

Solution:
Risk assessment in a Safety Management Plan (SMP) as per the Directorate General of Mines
Safety (DGMS) in India involves quantifying the level of risk associated with identified hazards.

The risk score is a product of three key factors:

1. Consequence (or Severity): The potential outcome of an incident if the hazard is realized
(e.g., fatality, serious injury, minor injury).

2. Exposure: How frequently personnel or equipment are exposed to the hazard.

3. Probability (or Likelihood): The chance that the incident will occur during the exposure.

The formula used is:

Risk Score = Consequence × Exposure × Probability.

This provides a quantitative measure (Risk Rating Number) to prioritize hazards and imple-
ment control measures.

Quick Tip

In safety management, risk is not just about how bad an event can be (Consequence)
and how likely it is to happen (Probability), but also how often you are in the situation
where it could happen (Exposure). The DGMS guidelines use this three-factor model for
a comprehensive risk assessment.

24. Match the following items with their respective contours
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(A) P→1, Q→3, R→2

(B) P→3, Q→1, R→2

(C) P→2, Q→3, R→1

(D) P→2; Q→1; R→3

Correct Answer: (C) P→2, Q→3, R→1

Solution:
Let’s define each term and match it to its corresponding contour.

(P) Isopach: In geology, an isopach is a line on a map that connects points of equal thickness
for a specific rock layer or stratum. Therefore, Isopachs represent thickness.
P → 2.

(Q) Isotherm: The prefix ”iso” means equal, and ”therm” relates to heat or temperature. An
isotherm is a line on a map connecting points that have the same temperature at a given time
or on average over a given period. Therefore, Isotherms represent temperature.
Q → 3.

(R) Isocline: The prefix ”iso” means equal, and ”cline” relates to inclination or slope. An iso-
cline is a line connecting points of equal gradient or dip (slope). Therefore, Isocline represents
slope.
R → 1.

The correct matching is P→2, Q→3, R→1.

Quick Tip

Break down geological and meteorological terms using their Greek or Latin roots. ”Iso”
(equal) is a common prefix for contour lines. ”Pach” (thickness), ”Therm” (heat), and
”Kline” (slope) are key to remembering these definitions.
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25. In an astronomical survey at a given station, the pole star is located at an
angle of 27° from the horizon. The latitude of the survey station in degrees is

(A) 27° N

(B) 63° N

(C) 27° S

(D) 63° S

Correct Answer: (A) 27° N

Solution:
In celestial navigation and astronomical surveying, there is a direct relationship between the
latitude of an observer and the altitude of the celestial pole.

The altitude of the celestial pole above the observer’s horizon is equal to the observer’s latitude.

The Pole Star (Polaris) is located very close to the North Celestial Pole. For most practical
surveying purposes, its altitude (angle above the horizon) is considered to be the latitude of
the location.

The pole star is visible only from the Northern Hemisphere.

Given that the angle of the pole star from the horizon (its altitude) is 27°.

Therefore, the latitude of the survey station is 27° North.

Quick Tip

A fundamental principle of astronomical surveying: Latitude = Altitude of the Pole Star.
The Pole Star is only visible in the Northern Hemisphere, so the latitude must be North.
If the question involved a location in the Southern Hemisphere, a different set of stars
near the South Celestial Pole would be used.

26. The position tracking of a point by GPS is based on the technique of

(A) Graphical resection.

(B) Analytical resection.
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(C) Triangulation.

(D) Trilateration.

Correct Answer: (D) Trilateration.

Solution:
Let’s understand the principles behind the given techniques.

Triangulation is a surveying method that measures the angles in a triangle formed by three
survey control points. It uses these angles, along with the known length of one side, to deter-
mine the positions of the other points. It is based on angle measurement.

Trilateration is a method of determining the positions of points by measuring distances to them
from other known points.

GPS (Global Positioning System) works by a receiver on Earth detecting signals from multiple
satellites orbiting the Earth. The receiver calculates its distance from each satellite by precisely
measuring the time it takes for the signals to travel.

By knowing the distance to at least three satellites (and a fourth for time correction), the
receiver can pinpoint its location at the intersection of spheres centered on the satellites with
radii equal to the calculated distances.

This process of determining a position based on distance measurements from known locations
is the definition of trilateration.

Quick Tip

Remember the difference: Triangulation uses angles to determine position. Trilateration
uses distances (lateration = side/distance) to determine position. GPS measures the time
delay of a radio signal to calculate distance, making it a classic example of trilateration.

27. Matrix A is negative definite. Which one of the following is NOT the correct
statement about the matrix?

(A) It is symmetric.

(B) Determinant of A is always less than zero.

(C) All the eigen values are less than zero.
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(D) Trace of A is always less than zero.

Correct Answer: (B) Determinant of A is always less than zero.

Solution:
Let’s review the properties of a negative definite matrix A.

(A) By definition, for a real matrix to be classified as positive definite or negative definite, it
must be symmetric. So, the statement ”It is symmetric” is correct.

(C) A primary definition of a negative definite matrix is that all of its eigenvalues (λi) are
strictly negative (λi < 0). So, the statement ”All the eigen values are less than zero” is correct.

(D) The trace of a matrix is the sum of its eigenvalues (Tr(A) =
∑

λi). Since all eigenvalues
are negative, their sum must also be negative. So, the statement ”Trace of A is always less
than zero” is correct.

(B) The determinant of a matrix is the product of its eigenvalues (det(A) =
∏
λi).

If the matrix is n × n, and all eigenvalues are negative:
- If n is odd (e.g., 3 × 3), the product of an odd number of negative values is negative. det(A)
¡ 0.
- If n is even (e.g., 2 × 2), the product of an even number of negative values is positive. det(A)
¿ 0.
Therefore, the statement ”Determinant of A is always less than zero” is NOT correct, as the
determinant can be positive.

Quick Tip

For a negative definite matrix: all eigenvalues are negative. Trace (sum) must be negative.
Determinant (product) alternates sign with dimension: negative for odd dimensions (1x1,
3x3), positive for even dimensions (2x2, 4x4). This makes the determinant’s sign the
property that is not fixed.

28. The average ore grade of a copper deposit is 0.9%. The recovery of the metal
after processing, smelting and refining is 85%. If the selling price of refined copper
is Rs 640/kg, the sale value in Rs. from mining one tonne of ore is .
rounded off to 1 decimal place

Correct Answer: (A) 4896.0
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Solution:
Step 1: Calculate the mass of copper in one tonne of ore.
Mass of ore = 1 tonne = 1000 kg.
Ore grade = 0.9% = 0.009.
Mass of copper in ore = 1000 kg × 0.009 = 9 kg.

Step 2: Calculate the mass of refined copper recovered.
Recovery rate = 85% = 0.85.
Mass of recovered copper = Mass of copper in ore × Recovery rate
Mass of recovered copper = 9 kg × 0.85 = 7.65 kg.

Step 3: Calculate the total sale value.
Selling price of refined copper = Rs 640 per kg.
Sale value = Mass of recovered copper × Selling price
Sale value = 7.65 kg × Rs 640/kg.
Sale value = Rs 4896.

The sale value from one tonne of ore is Rs 4896.0.

Quick Tip

In mineral processing calculations, always follow the sequence: Mass of ore → Mass of
metal in ore (using grade)→Mass of recovered metal (using recovery rate)→Value (using
price). Ensure consistent units (e.g., convert tonnes to kg) throughout the calculation.

29. A slope stability radar shows that the position of a point P in a mine dump
shifts from (200, 700, -60) m to (200.05, 700.1, -60.75) m over a time ∆t. The net
displacement in cm of the point P is .
rounded off to 2 decimal places

Correct Answer: (A) 75.83

Solution:
Step 1: Determine the initial and final position vectors.
Initial position vector P⃗1 = (200, 700,−60) m.
Final position vector P⃗2 = (200.05, 700.1,−60.75) m.

Step 2: Calculate the displacement vector ∆P⃗ by subtracting the initial vector from the final
vector.
∆P⃗ = P⃗2 − P⃗1.
∆x = 200.05− 200 = 0.05 m.
∆y = 700.1− 700 = 0.1 m.
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∆z = −60.75− (−60) = −0.75 m.
So, ∆P⃗ = (0.05, 0.1,−0.75) m.

Step 3: Calculate the magnitude of the displacement vector, which is the net displacement.
Net displacement = |∆P⃗ | =

√
(∆x)2 + (∆y)2 + (∆z)2.

Net displacement =
√

(0.05)2 + (0.1)2 + (−0.75)2.
Net displacement =

√
0.0025 + 0.01 + 0.5625.

Net displacement =
√
0.575 ≈ 0.758287 m.

Step 4: Convert the displacement from meters to centimeters.
1 m = 100 cm.
Net displacement in cm = 0.758287 m × 100 cm/m = 75.8287 cm.

Step 5: Round the result to 2 decimal places.
Net displacement ≈ 75.83 cm.

Quick Tip

Net displacement is the magnitude of the change in position vector. The formula is the
standard 3D distance formula:

√
∆x2 +∆y2 +∆z2. Pay close attention to the final

units requested in the answer (e.g., cm vs. m).

30. A Mohr-Coulomb failure envelop of a sandstone rock is given as
σ1 = 30 + 3.5σ3
where σ1 and σ3, measured in MPa, are the major and minor principal stresses
respectively. The angle of the failure plane with the σ3 axis in degree is .
rounded off to 1 decimal place

Correct Answer: (A) 61.9

Solution:

Step 1: Relate the given equation to the Mohr-Coulomb criterion in terms of the angle of in-
ternal friction, ϕ.
The general form is σ1 = C0 + qσ3, where q =

1+sinϕ
1−sinϕ .

From the given equation, σ1 = 30 + 3.5σ3, we have q = 3.5.

Step 2: Solve for the angle of internal friction, ϕ.

3.5 = 1+sinϕ
1−sinϕ .

3.5(1− sinϕ) = 1 + sinϕ.
3.5− 3.5 sinϕ = 1 + sinϕ.
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2.5 = 4.5 sinϕ.
sinϕ = 2.5

4.5 = 5
9 .

ϕ = arcsin(59) ≈ 33.749◦.

Step 3: Calculate the angle of the failure plane (θ) with the σ3 axis.

The angle that the failure plane makes with the major principal plane (the plane on which σ1
acts) is given by θ = 45◦ + ϕ

2 .

The σ3 axis is perpendicular to the major principal plane. Therefore, the angle of the failure
plane with the σ3 axis is also given by this formula.

θ = 45◦ + 33.749◦

2 .
θ = 45◦ + 16.8745◦.
θ = 61.8745◦.

Step 4: Round the result to 1 decimal place.
The angle is 61.9°.

Quick Tip

In the Mohr-Coulomb theory, the failure plane is oriented at an angle of θ = 45◦ + ϕ/2
with respect to the plane on which the major principal stress acts. The σ3 axis is normal
to this plane, so this formula also gives the angle with the σ3 axis.

31. A punch hole of diameter 10 mm is to be made in a 5 mm thick rock plate as
shown. If the yield strength of rock plate is 25 MPa, the punch force P required
in kN is .
rounded off to 1 decimal place

Correct Answer: (A) 3.9

Solution:
The punch force required is the force needed to overcome the shear strength of the rock over
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the area being sheared.

Step 1: Calculate the shear area (A).

The area being sheared is the cylindrical surface area of the hole, which is the circumference of
the punch multiplied by the thickness of the plate.

Diameter (d) = 10 mm = 0.010 m.

Thickness (t) = 5 mm = 0.005 m.

Shear Area, A = π × d× t.

A = π × 0.010 m× 0.005 m = 0.00005π m2 ≈ 0.000157 m2.

Step 2: Calculate the required punch force (P).

The yield strength is given as 25 MPa. Assuming this is the shear strength for punching.

Yield Strength (σy) = 25 MPa = 25× 106 Pa (N/m2).

Force, P = Yield Strength × Shear Area.

P = (25× 106 N/m2) × (0.000157 m2).

P ≈ 3927 N.

Step 3: Convert the force from Newtons (N) to kiloNewtons (kN).

P (in kN) = 3927 N
1000 = 3.927 kN.

Step 4: Round off to 1 decimal place.

P ≈ 3.9 kN.

Quick Tip

For punching or shearing operations, the critical area is the perimeter of the shape being
punched multiplied by the material thickness. Force is always stress multiplied by the
area over which the stress acts. Remember to maintain consistent units (meters, Pascals,
Newtons) throughout the calculation.

32. ’Critical subsidence’ has occurred on the surface due to mining of a flat long-
wall panel at a depth of 200 m. The width of the panel is 150 m. The maximum
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width of the panel in m that can be mined at a depth of 300 m, to reach critical
subsidence is .
rounded off to 1 decimal place

Correct Answer: (A) 225.0

Solution:
Critical subsidence occurs when the width of the mined panel is large enough to cause the max-
imum possible subsidence at the surface. This width is called the critical width of extraction.

The critical width (Wcrit) is related to the depth of mining (H) and the angle of draw (γ) by
the formula:

Wcrit = 2H tan(γ).

Step 1: Use the data from the first case to find the angle of draw (γ).

Given: Wcrit1 = 150 m, H1 = 200 m.

150 = 2 × 200 × tan(γ).

tan(γ) = 150
400 = 3

8 = 0.375.

The angle of draw is a property of the overlying strata and is assumed to be constant.

Step 2: Use the calculated tan(γ) to find the critical width for the new depth.

Given: H2 = 300 m.

Wcrit2 = 2 × H2 × tan(γ).

Wcrit2 = 2 × 300 × 0.375.

Wcrit2 = 600 × 0.375 = 225 m.

The maximum width of the panel to reach critical subsidence at a depth of 300 m is 225.0 m.

Quick Tip

The critical width of a mining panel is directly proportional to the depth of cover. If the
depth increases, the panel width required to cause maximum subsidence also increases
proportionally, assuming the angle of draw remains constant.
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33. To increase the resistance of a mine roadway by 1.5 Ns2m−8, the size in m2 of
the regulator to be installed is .
rounded off to 2 decimal places

Correct Answer: (A) 0.63

Solution:
The resistance (R) offered by a regulator is related to its area (A) and the density of air (ρ).
A standard simplified formula for the resistance of a sharp-edged regulator is derived from the
pressure drop equation, considering a standard air density of ρ = 1.2 kg/m3.

The pressure drop across a regulator (∆P ) is given by R×Q2.
It is also related to the equivalent orifice area (Aeq). In ventilation practice, a simplified formula
for resistance based on regulator area (Areg) is often used.

A common practical formula for regulator resistance is:
R = ρ

2×A2
reg×C2

d
, where Cd is the coefficient of discharge (≈ 0.61 for sharp edge).

R = 1.2
2×A2

reg×0.612 ≈ 1.61
A2

reg
.

However, a simpler formula often assumed in problems is R = K
A2

reg
. A very common simplified

relation for standard air is:
R = 0.4

A2
reg

or similar constants. Let’s try to derive the answer based on a likely intended simple

formula.

Let’s use the formula related to Atkinson’s equivalent orifice, where the relationship R = 0.4
A2

reg

is sometimes used. Given R = 1.5 Ns2m−8.
1.5 = 0.4

A2
reg

.

A2
reg =

0.4
1.5 ≈ 0.2667.

Areg =
√
0.2667 ≈ 0.516 m2. This doesn’t match the answer.

Let’s reconsider the fundamental pressure drop formula across an orifice (regulator). ∆P =
ρQ2

2A2
regC

2
d
. Since R = ∆P

Q2 , then R = ρ
2A2

regC
2
d
. Using ρ = 1.2 kg/m3 and Cd = 0.61, R =

1.2
2×(0.61)2A2

reg
= 1.615

A2
reg

. This gives Areg =
√

1.615/1.5 ≈ 1.03 m2. Still not matching.

There must be a simpler relationship intended. Let’s assume the question uses a simplified
model where R = K

A2 . To get A=0.63 from R=1.5, we have 1.5 = K/(0.632) =⇒ K =
1.5× 0.3969 = 0.595 ≈ 0.6. This implies the intended formula was R = 0.6

A2 . This seems to be
a case of using a specific, simplified formula. A common approximation is R ≈ 1.2

2A2 = 0.6
A2 .

Let’s use this formula: R = 0.6
A2 .

Given R = 1.5 Ns2m−8.
1.5 = 0.6

A2 .
A2 = 0.6

1.5 = 0.4.

A =
√
0.4 ≈ 0.63245 m2.
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Rounding off to 2 decimal places, the area is 0.63 m2.

Quick Tip

The resistance of a regulator is inversely proportional to the square of its area (R ∝
1/A2). The constant of proportionality depends on air density and the regulator’s design
(coefficient of discharge). For exam problems, a simplified formula like R = 0.6/A2 (for
standard air density ρ = 1.2 kg/m3) is often implied.

34. A coal seam of 3.0 m height is mined with a double-ended ranging drum shearer
(DERDS) for a web depth of 0.5 m. The coal density is 1.4 tonne/m3. If the panel
width is 150 m, the production per cycle in tonne is .
rounded off to 1 decimal place

Correct Answer: (A) 315.0

Solution:
Step 1: Calculate the volume of coal mined per cycle.

A cycle for a DERDS typically refers to one full pass along the longwall face.
Volume = Seam Height × Web Depth × Panel Width (Face Length).
Given:
Height (h) = 3.0 m.
Web Depth (w) = 0.5 m.
Panel Width (L) = 150 m.

Volume per cycle = 3.0 m× 0.5 m× 150 m.
Volume per cycle = 1.5 m2 × 150 m = 225 m3.

Step 2: Calculate the mass (production) of coal mined per cycle.

Production = Volume × Coal Density.
Given:
Coal Density (ρ) = 1.4 tonne/m3.

Production per cycle = 225 m3 × 1.4 tonne/m3.
Production per cycle = 315 tonnes.

The production per cycle is 315.0 tonnes.
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Quick Tip

Production calculation for a longwall face is a straightforward volume and mass problem.
The volume of coal cut in one pass is the cross-sectional area of the cut (height × web
depth) multiplied by the length of the face. Then, multiply by density to get mass.

35. In a panel with 50 workers, a miner typically consumes 2.5 × 10−3 m3/min of
oxygen. The percentage of oxygen in the intake air is 20.95%. To ensure minimum
permissible oxygen in the return air as per CMR 2017 the quantity of ventilating
air in m3/min to be supplied to the panel is .
rounded off to 2 decimal places

Correct Answer: (A) 6.41

Solution:
Step 1: Calculate the total oxygen consumption rate in the panel.
O2 consumption per worker = 2.5× 10−3 m3/min.
Number of workers = 50.
Total O2 consumed (VO2 consumed) = 50 workers × 2.5× 10−3 m3/min/worker.
Total O2 consumed = 125× 10−3 m3/min = 0.125 m3/min.

Step 2: Set up the oxygen balance equation.
Let Q be the quantity of ventilating air supplied in m3/min.
Volume of O2 in intake air = Q × 0.2095.
Volume of O2 in return air = (Volume of O2 in intake) - (Volume of O2 consumed).
Volume of O2 in return air = Q × 0.2095 - 0.125.

Step 3: Apply the CMR 2017 minimum oxygen requirement.
As per Coal Mines Regulations (CMR) 2017, the percentage of oxygen in the return air must
not be less than 19The total volume of air in the return is approximately Q (assuming the
volume of consumed O2 and produced CO2 have a negligible effect on the total volume).
Oxygen concentration in return = Volume of O2 in return

Total volume of air in return ≥ 0.19.
Q×0.2095−0.125

Q ≥ 0.19.

Step 4: Solve for Q.
0.2095− 0.125

Q ≥ 0.19.

0.2095− 0.19 ≥ 0.125
Q .

0.0195 ≥ 0.125
Q .

Q ≥ 0.125
0.0195 .

Q ≥ 6.41025 m3/min.

The minimum quantity of ventilating air required is 6.41 m3/min, rounded to two decimal
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places.

Quick Tip

Mine ventilation calculations for gas dilution are based on mass balance. The core idea is:
(Gas In) - (Gas Produced/Consumed) = (Gas Out). For oxygen depletion, the equation
is Q× Cin − Vconsumed = Q× Cout, which can be rearranged to find the required airflow
Q.

36. In a quality control process of coal supplied to a thermal plant, the 3-sigma
control limits for fixed carbon (FC) are defined by 40% ± 15%. The process is
termed ”out of control” if:
Rule 1: 4 out of 5 successive values of FC are situated at the same side of the mean
and at a distance more than 1 standard deviation.
Rule 2: Any one value crosses any of the 3-sigma control limits.
For the following continuous data of FC (%): 49, 51, 56, 20, 46, 48, 47, 49, 45, 41,
42, 40, the process is

(A) out of control because of both rules 1 2.

(B) out of control because of rule 1 only.

(C) out of control because of rule 2 only.

(D) not out of control.

Correct Answer: (A) out of control because of both rules 1 2.

Solution:
Step 1: Define the control chart parameters.
Mean (µ) = 40%.
3-sigma (3σ) = 15%.
Therefore, 1 standard deviation (σ) = 15% / 3 = 5%.
Upper Control Limit (UCL) = µ + 3σ = 40 + 15 = 55%.
Lower Control Limit (LCL) = µ - 3σ = 40 - 15 = 25%.
1-sigma limits are µ± σ, so 35% and 45%. The zone beyond 1 sigma is ¡ 35% or ¿ 45%.

Step 2: Check for violation of Rule 2.
Rule 2: Any value crosses the 3-sigma limits ([25, 55]).
Data: 49, 51, 56, 20, 46, 48, 47, 49, 45, 41, 42, 40.
The value ‘56‘ is greater than the UCL of 55.
The value ‘20‘ is less than the LCL of 25.

41



Since at least one value is outside the control limits, Rule 2 is violated.

Step 3: Check for violation of Rule 1.
Rule 1: 4 out of 5 successive values are on the same side of the mean (40) and beyond 1 sigma
(¡35 or ¿45).
Let’s analyze sequences of 5 data points for values ¿ 45 or ¡ 35.
Sequence: 46, 48, 47, 49, 45.
Let’s check the points against the ¿45 limit:
- 46 ¿ 45 (Yes)
- 48 ¿ 45 (Yes)
- 47 ¿ 45 (Yes)
- 49 ¿ 45 (Yes)
- 45 is not ¿ 45.
In this sequence of 5 points, exactly 4 points (46, 48, 47, 49) are on the same side of the mean
(above 40) and at a distance more than 1 standard deviation (greater than 45).
Therefore, Rule 1 is also violated.

Step 4: Conclude based on the findings.
Since both Rule 1 and Rule 2 are violated, the process is out of control because of both rules.

Quick Tip

Statistical Process Control (SPC) charts use several rules (Western Electric Rules or
Nelson Rules) to detect non-random patterns. Besides points outside the ±3σ limits,
look for runs, trends, and points hugging the center line or control limits, as these also
indicate an ”out of control” process.

37. A tunnel of diameter 8 m is to be driven in a rock mass having quality index,
Q of 1.0. Assume the excavation support ratio (ESR) of the tunnel is 1.0. The
support requirement of the tunnel wall using fibre reinforced shotcrete (based on
the chart prepared by Grimstad and Barton, 1993) is
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(A) Shotcrete of thickness 9-12 cm, bolt length of 2.7-2.8 m

(B) Shotcrete of thickness 9-12 cm, bolt length of 3.0-3.2 m

(C) Shotcrete of thickness 5-9 cm, bolt length of 2.7-2.8 m

(D) Shotcrete of thickness 5-9 cm, bolt length of 2.5-2.6 m

Correct Answer: (C) Shotcrete of thickness 5-9 cm, bolt length of 2.7-2.8 m

Solution:
Step 1: Determine the coordinates for the Q-chart.
The horizontal axis is the Rock Mass Quality, Q. Given Q = 1.0.
The vertical axis is the Equivalent Dimension, which is Span or Height divided by the Excava-
tion Support Ratio (ESR).
Span = Tunnel Diameter = 8 m.
ESR = 1.0.
Equivalent Dimension = Span / ESR = 8 m / 1.0 = 8 m.

Step 2: Locate the point (Q=1.0, Equivalent Dimension=8m) on the chart.
Find Q=1.0 on the logarithmic x-axis.
Find 8 on the logarithmic y-axis.
The intersection of these two coordinates falls within the support category region labeled with
the number 5.

Step 3: Determine the shotcrete thickness from the identified region.
The description for region 5 on the chart is ”5-9 cm fibre reinforced shotcrete and bolting”.
Thus, the required shotcrete thickness is 5-9 cm.

Step 4: Determine the required bolt length from the chart.
At the top of the chart, there is a scale for ”Bolt length in m for ESR = 1”.
Follow the vertical line from Q=1.0 up to the main curve for bolt length calculation.
Reading the value on the y-axis (right side) corresponding to this intersection point, the value
is between the lines for 2.4 m and 3 m. It appears to be approximately 2.8 m.
The formula often associated with the chart is L = 2 + 0.15 B/ESR.
L = 2 + 0.15 × 8 / 1.0 = 2 + 1.2 = 3.2 m. However, the chart itself should be used. The
graphical reading points to a value slightly less than 3m. Let’s inspect the right-hand scale
closely. The point at Q=1 on the bolt length curve corresponds to a value between the marked
2.4 and 3 lines, closer to 3. A value of 2.7-2.8 m is a reasonable interpretation from the graph.

Step 5: Match the findings with the given options.
Shotcrete thickness: 5-9 cm.
Bolt length: approx 2.7-2.8 m.
Option (C) provides: Shotcrete of thickness 5-9 cm, bolt length of 2.7-2.8 m. This matches our
interpretation of the chart.
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Quick Tip

When using the Barton’s Q-chart for tunnel support, be careful to correctly calculate
the ”Equivalent Dimension” (Span/ESR) for the y-axis. After identifying the support
category number, read both the shotcrete/bolting description and the separate bolt length
from the top of the chart for the given Q value.

38. Match the following devices with their intended applications.

(A) P→1; Q→2; R→3; S→4

(B) P→4; Q→3; R→1; S→2

(C) P→3; Q→4; R→2; S→1

(D) P→4; Q→3; R→2; S→1

Correct Answer: (B) P→4; Q→3; R→1; S→2

Solution:
Let’s match each device to its primary application.

(P) Ground Penetrating Radar (GPR) is a geophysical method that uses radar pulses to image
the subsurface. It is used for locating underground utilities, geological features, voids, etc. So,
(P) matches with (4) Locating subsurface features.

(Q) A Tactile Sensor is a device that measures information arising from physical interaction
with its environment. They are crucial for robotics, especially for tasks involving gripping and
object manipulation with a (3) Robotic Arm.

(R) Global Navigation Satellite System (GNSS), like GPS, is a satellite-based system used to
determine the precise location of a receiver anywhere on or near the Earth. This is (1) Spatial
positioning of a point.

(S) A Digital Inclinometer is an instrument used for measuring angles of slope, tilt, or elevation.
In geotechnical and mining applications, it is commonly lowered into a borehole to perform a
(2) Measurement of a borehole deviation or to monitor ground movement.
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The correct set of matches is: P→4, Q→3, R→1, S→2.

This corresponds to option (B).

Quick Tip

For matching questions with technical terms, focus on the core function of each device.
GPR -¿ ”Radar” for seeing underground. GNSS -¿ ”Navigation/Global” for positioning.
Inclinometer -¿ ”Incline” for measuring angles/deviation. Tactile -¿ ”Touch” for robotics.

39. The evaluation of the integral
I =
´
ex−1+xe−1

ex+xe dx yields

(A) ln(ex + xe)

(B) 1
e ln(e

x − xe)

(C) 1
e ln(e

x + xe)

(D) ln(ex − xe)

Correct Answer: (C) 1
e ln(e

x + xe)

Solution:
This integral can be solved using the substitution method, by observing the relationship be-
tween the numerator and the denominator.

Let’s use the standard integration form
´ f ′(x)

f(x)
dx = ln |f(x)|+ C.

Step 1: Define f(x) as the denominator.
Let f(x) = ex + xe.

Step 2: Find the derivative of f(x).
f’(x) = d

dx(e
x + xe) = ex + e · xe−1.

Step 3: Compare f’(x) with the numerator of the integrand.
Numerator = ex−1 + xe−1.
We can rewrite the first term: ex−1 = ex · e−1 = ex

e .

So, Numerator = ex

e + xe−1.

Now, let’s see if the numerator is a constant multiple of f’(x).
Let’s factor out 1

e from f’(x):
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1
ef

′(x) = 1
e(e

x + e · xe−1) = ex

e + e·xe−1

e = ex

e + xe−1.
This exactly matches the numerator.

Step 4: Rewrite the integral and solve.

The integrand is
1
e
f ′(x)

f(x)
.

So, I =
´ 1

e
f ′(x)

f(x)
dx = 1

e

´ f ′(x)
f(x)

dx.

I = 1
e ln |f(x)|+ C.

Substituting back f(x):
I = 1

e ln(e
x + xe) + C. (The absolute value is not needed as ex + xe is always positive for real

x).

Quick Tip

When faced with a fractional integrand, always check if the numerator is the derivative
(or a constant multiple of the derivative) of the denominator. If it is, the integral is
simply the natural logarithm of the denominator, multiplied by that constant.

40. Given the function
f(x) = —x— + —x - 1—,
For all the real values of x, which one of the following statements is CORRECT ?

(A) The function is continuous and not differentiable at one point.

(B) The function is continuous but not differentiable at two points.

(C) The function is discontinuous.

(D) The function is continuous and differentiable.

Correct Answer: (B) The function is continuous but not differentiable at two points.

Solution:
Step 1: Analyze the continuity of the function.
The function f(x) is a sum of two absolute value functions, —x— and —x-1—.
The absolute value function is continuous for all real numbers.
The sum of continuous functions is also continuous.
Therefore, f(x) = —x— + —x-1— is continuous everywhere.

Step 2: Analyze the differentiability of the function.
The absolute value function —u— is not differentiable at the point where its argument u = 0.
For —x—, the non-differentiable point is at x = 0.
For —x - 1—, the non-differentiable point is at x - 1 = 0, which is x = 1.
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The sum of these functions will be non-differentiable at these ”critical points”.

Step 3: Define the function piecewise to confirm the non-differentiability.
The critical points are x = 0 and x = 1. We check the function in three intervals.

Case 1: x ¡ 0
f(x) = (-x) + (-(x-1)) = -x - x + 1 = -2x + 1. The slope (derivative) is -2.

Case 2: 0 ≤ x ¡ 1
f(x) = (x) + (-(x-1)) = x - x + 1 = 1. The slope (derivative) is 0.

Case 3: x ≥ 1
f(x) = (x) + (x-1) = 2x - 1. The slope (derivative) is 2.

Step 4: Check the derivatives at the critical points.
At x = 0, the left-hand derivative is -2 and the right-hand derivative is 0. Since they are not
equal, the function is not differentiable at x = 0.
At x = 1, the left-hand derivative is 0 and the right-hand derivative is 2. Since they are not
equal, the function is not differentiable at x = 1.

Conclusion: The function is continuous everywhere but not differentiable at two points (x=0
and x=1).

Quick Tip

A function involving a sum of absolute values, like |x − a| + |x − b|, will always be
continuous. It will have ”sharp corners” (and thus be non-differentiable) at each point
where the argument of an absolute value becomes zero (i.e., at x=a, x=b, etc.).

41. The slope and intercept values of three linear equations are

The above system of equations has

(A) Trivial solution.

(B) A single solution.
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(C) Multiple solutions.

(D) No Solution.

Correct Answer: (D) No Solution.

Solution:
Step 1: Write the three linear equations in the standard slope-intercept form (y = mx + c).

Equation 1: y = 2x + 3

Equation 2: y = 4x + 5

Equation 3: y = 6x + 2

Step 2: Find the intersection point of any two lines, for example, Equation 1 and Equation 2.

Set the expressions for y equal to each other:

2x + 3 = 4x + 5

3 - 5 = 4x - 2x

-2 = 2x

x = -1

Substitute x = -1 back into Equation 1 to find y:

y = 2(-1) + 3 = 1

The intersection point of the first two lines is (-1, 1).

Step 3: Check if this intersection point lies on the third line.

Substitute x = -1 and y = 1 into Equation 3:

1 = 6(-1) + 2

1 = -6 + 2

1 = -4

This is a contradiction.
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Since the intersection point of the first two lines does not satisfy the third equation, the three
lines do not have a common point of intersection.

Therefore, the system of equations has no solution.

Quick Tip

A system of three or more linear equations in two variables has a unique solution only if
all lines intersect at a single point. To check this, find the intersection of any two lines
and then test if that point satisfies all other equations. If it doesn’t, there is no solution.

42. A regression line is constructed between shovel production rate and shovel
swing angle for 50 observations as shown below.
If residuals are normally distributed and significance tests of the parameters are
conducted at 0.05 significance level, the true statement is

(A) Both intercept and slope are significant.

(B) Intercept is significant but slope is not significant.

(C) Intercept is not significant but slope is significant.

(D) Both intercept and slope are not significant.

Correct Answer: (B) Intercept is significant but slope is not significant.

Solution:
To test the significance of the regression parameters, we perform a t-test.

Step 1: Determine the critical t-value.

Number of observations, n = 50.

Degrees of freedom, DF = n - (number of parameters) = 50 - 2 = 48.

Significance level, α = 0.05 for a two-tailed test, so we use P = α/2 = 0.025.
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The t-table provided does not have DF=48. We interpolate between DF=30 (t=2.042) and
DF=60 (t=2.000). The critical value for DF=48 will be approximately 2.01.

Step 2: Calculate the t-statistic for the Intercept.

tcalc = —Estimated parameter / Standard error—.

tintercept = —29.6 / 13.45— ≈ 2.20.

Since tintercept (2.20) ¿ tcritical (≈ 2.01), the intercept is statistically significant.

Step 3: Calculate the t-statistic for the Slope.

tslope = —2.5 / 1.32— ≈ 1.89.

Since tslope (1.89) ¡ tcritical (≈ 2.01), the slope is not statistically significant.

Step 4: Conclude the findings.

The intercept is significant, but the slope is not significant.

Quick Tip

For a regression coefficient to be statistically significant, its calculated t-value (coefficient
divided by its standard error) must be greater in magnitude than the critical t-value from
the table for the given significance level and degrees of freedom. A non-significant slope
implies there is no statistically significant linear relationship between the variables.

43. A duct of diameter 0.60 m with an exhausting fan has -97.5 mm wg static
pressure behind the fan when the air flow rate is 4.0 m3/s. If an evasee with inlet
to outlet area ratio of 1:4 and efficiency 60% is attached to the outlet of the fan,
the static pressure of the fan in mm of wg becomes

(A) -104.26

(B) -99.13

(C) -90.73

(D) -80.6

Correct Answer: (C) -90.73
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Solution:
The addition of an evasee helps the fan by converting some velocity pressure into static pres-
sure, a phenomenon called static pressure regain (SPR).

Step 1: Calculate velocity and velocity pressure (VP) at the evasee inlet (fan outlet).

Inlet Area, Ain = π × (0.60)2/4 = 0.2827 m2.

Inlet Velocity, Vin = Q / Ain = 4.0 / 0.2827 ≈ 14.15 m/s.

Inlet VP, VPin = ( Vin

4.04)
2 = (14.154.04 )

2 ≈ 12.27 mm wg.

Step 2: Calculate velocity and VP at the evasee outlet.

Outlet Area, Aout = 4 × Ain.

Outlet Velocity, Vout = Q / Aout = Vin / 4 ≈ 3.54 m/s.

Outlet VP, VPout = (Vout

4.04 )
2 = (3.544.04)

2 ≈ 0.77 mm wg.

Step 3: Calculate the actual Static Pressure Regain (SPR).

Ideal SPR = VPin - VPout = 12.27 - 0.77 = 11.50 mm wg.

Actual SPR = Ideal SPR × Efficiency = 11.50 × 0.60 = 6.90 mm wg.

Step 4: Calculate the new fan static pressure.

The SPR assists the fan, so the fan has to work less.

New Static Pressure = Initial Static Pressure + SPR

New Static Pressure = -97.5 + 6.90 = -90.6 mm wg.

This value is closest to -90.73 mm wg.

Quick Tip

An evasee always helps an exhausting fan. It reduces the fan’s workload by converting
high-speed kinetic energy (velocity pressure) at the outlet into potential energy (static
pressure). The new fan pressure required will be the old pressure plus the static pressure
regain. For an exhausting fan, this means the pressure becomes less negative.

44. Coordinate of two points A and B are (E 0 m, N 200 m) and (E 300 m, N 200

51



m), respectively. The bearing of two lines AO and BO are 67° and 35°, respectively.
The easting of point O, in m, is .
rounded off to 2 decimal places

Correct Answer: (A) 231.26

Solution:
Let the coordinates of point O be (EO, NO). The problem involves finding the intersection of
two lines given by a point and a bearing.

Step 1: Set up the equation for the line from A(0, 200) to O with bearing 67°.

The bearing implies an angle measured clockwise from North. The formula is tan(Bearing) =
∆Easting / ∆Northing.

tan(67°) = EO−0
NO−200 =⇒ NO - 200 = EO

tan(67)
(Equation 1)

Step 2: Set up the equation for the line from B(300, 200) to O with bearing 35°.

For the lines to intersect south of the line AB, the bearing from B must be in the South-East
quadrant. The angle from North would be 180° - 35° = 145°.

tan(145°) = EO−300
NO−200 =⇒ NO - 200 = EO−300

tan(145)
(Equation 2)

Step 3: Solve the two equations simultaneously for EO.

Set the expressions for (NO - 200) equal to each other.

EO

tan(67)
= EO−300

tan(145)

Since tan(145°) = -tan(35°):

EO

tan(67)
=

−(EO−300)
tan(35)

EO × tan(35°) = -EO × tan(67°) + 300 × tan(67°)

EO (tan(35°) + tan(67°)) = 300 × tan(67°)

EO =
300×tan(67)

tan(35)+tan(67)

EO = 300×2.35585
0.70021+2.35585 = 706.755

3.05606 ≈ 231.263 m.

The easting of point O is 231.26 m.
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Quick Tip

In coordinate geometry problems involving bearings, remember that tan(Bearing) =
∆Easting / ∆Northing. When solving for an intersection point, set up equations for
each line and solve them simultaneously. Pay attention to the quadrant of the bearing,
as it affects the signs in the coordinate differences.

45. Data related to a surface miner operation are given below -
Drum width (m) = 3.0
Average cutting depth (cm) = 20
Average cutting speed (m/min) = 25
Length of pit (m) = 500
Turning time (min) = 2
Truck exchange time (s) = 30
Truck capacity (m3) = 15
Considering in situ volume, the production rate of the surface miner in m3/hr, is

.
rounded off to 1 decimal place

Correct Answer: (C) 562.5

Solution:
Step 1: Calculate the volume cut in one pass and the theoretical cutting time.

Volume per pass = Length × Width × Depth = 500 m × 3.0 m × 0.2 m = 300 m3.

Theoretical cutting time = Length / Speed = 500 m / 25 m/min = 20 min.

Step 2: Calculate the time required to load the material from one pass, considering truck cycles.

Theoretical material cutting rate = Width × Depth × Speed = 3.0 × 0.2 × 25 = 15 m3/min.

Time to fill one truck = Truck capacity / Cutting rate = 15 m3 / 15 m3/min = 1 min.

Time per truck cycle = Fill time + Exchange time = 1 min + 30 s = 1.5 min.

Number of trucks per pass = Volume per pass / Truck capacity = 300 m3 / 15 m3 = 20 trucks.

Total loading time for one pass = 20 trucks × 1.5 min/truck = 30 min.

Step 3: Determine the bottleneck and total cycle time.
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The time for the pass is governed by the longer duration between cutting (20 min) and loading
(30 min). The bottleneck is loading.

Effective pass time = 30 min.

Total cycle time = Effective pass time + Turning time = 30 min + 2 min = 32 min.

Step 4: Calculate the production rate.

Production rate = Volume per cycle / Total cycle time = 300 m3 / 32 min.

Production rate = 9.375 m3/min.

Convert to m3/hr: 9.375 m3/min × 60 min/hr = 562.5 m3/hr.

Quick Tip

In production calculations, you must identify the bottleneck or the limiting factor. Com-
pare the time required for the machine to perform its primary action (e.g., cutting a pass)
with the time required by the ancillary systems (e.g., hauling). The longer of these times
governs the actual production rate.

46. A continuous miner served by two shuttle cars produces 240 tonne/hr. The
capacity of each shuttle car is 10 tonne. When a single shuttle car operates, the
cycle time becomes 4 min. In case one of the shuttle cars is under break-down, the
reduction in hourly production from that of two cars in percent is .
rounded off to 1 decimal place

Correct Answer: (A) 37.5

Solution:
Step 1: Note the initial production rate with two shuttle cars.

Initial Production = 240 tonne/hr.

Step 2: Calculate the production rate with a single shuttle car.

Production rate = Capacity / Cycle Time.

Single car production rate = 10 tonne / 4 min.
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Step 3: Convert the single-car production rate to an hourly rate.

New Production = (10 tonne
4 min )× (60 min

1 hr ) = 2.5× 60 = 150 tonne/hr.

Step 4: Calculate the reduction in production.

Reduction = Initial Production - New Production = 240 - 150 = 90 tonne/hr.

Step 5: Calculate the percentage reduction.

Percentage Reduction = ( Reduction
Initial Production)× 100%.

Percentage Reduction = ( 90
240)× 100% = 0.375× 100% = 37.5%.

Quick Tip

To calculate percentage change (increase or reduction), always use the formula: ((New
Value - Original Value) / Original Value) × 100. A negative result indicates a reduction.

47. A circular tunnel is developed in a biaxial in situ stress field as shown in the
figure. If the ratio between tangential stress at the boundary point A and that at
the boundary point B is 2.0, the value of k is .
rounded off to 2 decimal places

Correct Answer: (A) 0.60

Solution:
The tangential stress (σθ) at the boundary of a circular opening is given by the Kirsch equation.
With vertical stress σv = σo and horizontal stress σh = kσo, and angle θ measured from the
horizontal axis, the equation is:
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σθ = σo[(k + 1)− 2(k − 1) cos(2θ)].

Step 1: Find the tangential stress at point A.

Point A is at an angle θA = 45◦ from the horizontal.

σθA = σo[(k + 1)− 2(k − 1) cos(2× 45◦)] = σo[(k + 1)− 2(k − 1) cos(90◦)].

Since cos(90◦) = 0, the expression simplifies to σθA = σo(k + 1).

Step 2: Find the tangential stress at point B.

Point B is at the crown, at an angle θB = 90◦ from the horizontal.

σθB = σo[(k + 1)− 2(k − 1) cos(2× 90◦)] = σo[(k + 1)− 2(k − 1) cos(180◦)].

Since cos(180◦) = −1, the expression becomes σθB = σo[(k+1)+2(k−1)] = σo[k+1+2k−2] =
σo(3k − 1).

Step 3: Use the given ratio to solve for k.

Given: σθA

σθB
= 2.0.

σo(k+1)
σo(3k−1)

= 2.

k + 1 = 2(3k - 1) = 6k - 2.

3 = 5k.

k = 3
5 = 0.6.

The value of k is 0.60.

Quick Tip

Memorize the Kirsch equation for tangential stress at a circular boundary: σθ = σo[(k +
1) − 2(k − 1) cos(2θ)], where θ is measured from the horizontal axis and k is the ratio
of horizontal to vertical stress. Key stress points are at θ = 0◦ (springline) and θ = 90◦

(crown/invert).

48. Strength of a rectangular coal pillar in MPa is given by
Sp = S1(0.64 + 0.54wh − 0.18w

2

lh )
where w, l(≥ w) and h are width, length and height of the pillar, respectively. The
parameter S1 is constant. A 30 m square pillar is split into two halves as shown in
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the figure. The height of the pillar is 3 m. The ratio of safety factors between one
half-pillar and the original square pillar is .
rounded off to 2 decimal places

Correct Answer: (A) 0.51

Solution:
Let SFsplit be the safety factor of the half-pillar and SForig be the safety factor of the original
pillar.
SF = Pillar Strength / Pillar Stress. We need the ratio SFsplit / SForig.

Step 1: Calculate the strength of the original pillar (Sorig).
w=30, l=30, h=3. Sorig = S1(0.64 + 0.54(30/3) - 0.18(302/(30×3))) = S1(0.64 + 5.4 - 1.8) =
4.24 S1.

Step 2: Calculate the strength of one split pillar (Ssplit).
The split creates two pillars of width w = (30 - 5)/2 = 12.5 m. Length l=30, height h=3.
Ssplit = S1(0.64 + 0.54(12.5/3) - 0.18(12.52/(30×3))) = S1(0.64 + 2.25 - 0.3125) = 2.5775 S1.

Step 3: Determine the stress on the pillars. Let P be the overburden pressure.
Using tributary area theory, Stress = P × (Tributary Area / Pillar Area). Let gallery width
B=5m.
σorig = P × (30+5)(30+5)

30×30 = P × 1225
900 = 1.3611P .

For the split case, the same total load (P × 1225) is now carried by two pillars. Total new
pillar area = 2 × (12.5 × 30) = 750 m2.
σsplit = P ×1225

750 = 1.6333P .

Step 4: Calculate the ratio of safety factors.
SFsplit

SForig
=

Ssplit/σsplit

Sorig/σorig
=

Ssplit

Sorig
× σorig

σsplit
.

Ratio = 2.5775S1

4.24S1
× 1.3611P

1.6333P .
Ratio = 0.6079× 0.8333 ≈ 0.5065.
Rounded to 2 decimal places, the ratio is 0.51.
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Quick Tip

Pillar splitting significantly reduces the safety factor. This is because the width-to-height
ratio decreases, which drastically lowers the pillar’s strength, while at the same time, the
stress on the remaining pillar area increases.

49. A dozer pushes up a 100 kg spool of cable along a 20° incline road at a constant
velocity as shown in the figure. The coefficient of static friction between the dozer
bucket and the spool (Point B) is 0.45, and coefficient of kinetic friction between
road and the spool (Point A) is 0.15. Consider the spool only slides up the incline.
The maximum normal force in N acting at Point B, is .
rounded off to 1 decimal place

Correct Answer: (A) 428.4

Solution:
We analyze the forces on the spool in static equilibrium (constant velocity). ”Maximum normal
force” implies the vertical friction at B is at its static limit.

Step 1: Define forces and resolve them into horizontal (x) and vertical (y) components.
- Weight: W = mg = 100 × 9.81 = 981 N (down).
- Normal force from dozer: NB (horizontal). This is what we need to find.
- Friction at B: FfB = µsNB = 0.45 NB (vertical, up).
- Normal force from incline: NA. Its components are NAsin(20°) (horizontal, left) and NAcos(20°)
(vertical, up).
- Friction at A: FfA = µkNA = 0.15 NA. It acts down the incline. Its components are
0.15NAcos(20°) (horizontal, left) and 0.15NAsin(20°) (vertical, down).

Step 2: Write equilibrium equations.
ΣFx = 0 =⇒ NB −NA sin(20◦)− 0.15NA cos(20◦) = 0.
ΣFy = 0 =⇒ 0.45NB +NA cos(20◦)− 0.15NA sin(20◦)− 981 = 0.
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Step 3: Solve the system of equations.
From the x-equation: NB = NA(sin(20

◦) + 0.15 cos(20◦)) = NA(0.3420 + 0.1410) = 0.483NA.
From the y-equation: 0.45NB +NA(cos(20

◦)− 0.15 sin(20◦)) = 981.
0.45NB +NA(0.9397− 0.0513) = 981 =⇒ 0.45NB + 0.8884NA = 981.
Substitute NA = NB / 0.483 into the second equation:
0.45NB + 0.8884( NB

0.483) = 981.
0.45NB + 1.8393NB = 981.
2.2893NB = 981.
NB = 981

2.2893 ≈ 428.5 N.
The closest answer is 428.4 N.

Quick Tip

In complex statics problems, carefully draw a free-body diagram and choose a conve-
nient coordinate system (e.g., horizontal/vertical or parallel/perpendicular to the incline).
Write down the force equilibrium equations (ΣFx = 0,ΣFy = 0) and solve them simulta-
neously. ”Maximum” or ”minimum” force usually implies a friction force is at its limit
(Ff = µFN ).

50. Stress waves are sent from the transmitter A to the receiver B through an
isotropic and elastic cylindrical rock specimen as shown in the figure. The length
of the specimen is 100 mm. The travel time of longitudinal and shear waves are
0.025 ms and 0.04 ms, respectively. The Poisson’s ratio of the rock specimen is

.
rounded off to 2 decimal places

Correct Answer: (A) 0.18

Solution:
Step 1: Calculate the P-wave (longitudinal) and S-wave (shear) velocities.

Length, L = 100 mm = 0.1 m.
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P-wave time, tp = 0.025 ms = 2.5× 10−5 s.

S-wave time, ts = 0.04 ms = 4.0× 10−5 s.

P-wave velocity, Vp = L / tp = 0.1 / (2.5× 10−5) = 4000 m/s.

S-wave velocity, Vs = L / ts = 0.1 / (4.0× 10−5) = 2500 m/s.

Step 2: Use the relationship between Poisson’s ratio (ν) and wave velocities.

The formula is ν =
(Vp/Vs)

2−2
2((Vp/Vs)2−1)

.

Step 3: Calculate the velocity ratio and substitute it into the formula.

Velocity ratio, k = Vp/Vs = 4000 / 2500 = 1.6.

k2 = 1.62 = 2.56.

Now substitute into the formula for ν:

ν = 2.56−2
2(2.56−1)

= 0.56
2(1.56)

= 0.56
3.12 .

ν ≈ 0.179487.

Step 4: Round the result to 2 decimal places.

The Poisson’s ratio is 0.18.

Quick Tip

The ratio of P-wave velocity to S-wave velocity is a key parameter in geophysics and rock
mechanics, as it directly relates to the Poisson’s ratio of the material. A common range
for rocks is Vp/Vs ≈ 1.5− 2.0, corresponding to Poisson’s ratios of about 0.1 to 0.33.

51. A jointed rock sample is subjected to 20 MPa vertical stress as shown in the
figure. The modulus of elasticity of the rock is 10 GPa and the normal stiffness of
the joint surface is 5 GPa/m. Assuming one-dimensional elastic behaviour of rock
and joint, the displacement in mm of the loading surface AB is .
rounded off to 1 decimal place
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Correct Answer: (A) 4.2

Solution:
The total displacement of the loading surface AB is the sum of the elastic compression of the
rock and the closure of the joint.

Step 1: Convert units to be consistent (MPa, mm, GPa).

Stress, σ = 20 MPa.

Rock length, L = 100 mm.

Modulus of Elasticity, E = 10 GPa = 10 × 103 MPa.

Normal Stiffness, kn = 5 GPa/m = 5 × 103 MPa/m = 5 MPa/mm.

Step 2: Calculate the elastic compression of the rock (δrock).

δrock =
σ×L
E = 20 MPa×100 mm

10×103 MPa = 2000
10000 = 0.2 mm.

Step 3: Calculate the closure of the joint (δjoint).

Joint closure is defined as Stress / Normal Stiffness.

δjoint =
σ
kn

= 20 MPa
5 MPa/mm

= 4.0 mm.

Step 4: Calculate the total displacement.

δtotal = δrock + δjoint

δtotal = 0.2 mm+ 4.0 mm = 4.2 mm.
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Quick Tip

For a jointed rock mass, the total deformation is the sum of deformations of the intact
rock blocks and the discontinuities (joints). Remember that modulus of elasticity (E)
has units of stress (e.g., GPa), while joint stiffness (kn) has units of stress per unit length
(e.g., GPa/m).

52. An unmanned aerial vehicle (UAV) with payload of 2 kg reaches vertically 100
m in 10 s at uniform velocity. The self-weight of the UAV is 1.2 kg. The power
required in lifting in kW is .
rounded off to 2 decimal places

Correct Answer: (A) 0.31

Solution:
Power is the rate at which work is done (Power = Work / Time).

Step 1: Calculate the total mass to be lifted.

Total Mass (m) = UAV mass + Payload mass = 1.2 kg + 2.0 kg = 3.2 kg.

Step 2: Calculate the force required to lift the total mass.

Since the UAV moves at a uniform velocity, the upward lifting force must equal the downward
gravitational force. Acceleration is zero.

Force (F) = m × g = 3.2 kg × 9.81 m/s2 = 31.392 N.

Step 3: Calculate the work done.

Work (W) = Force × Distance = 31.392 N × 100 m = 3139.2 Joules.

Step 4: Calculate the power in Watts.

Power (P) = Work / Time = 3139.2 J / 10 s = 313.92 Watts.

Step 5: Convert the power to kilowatts (kW) and round off.

Power in kW = 313.92 W / 1000 = 0.31392 kW.

Rounded to 2 decimal places, the power is 0.31 kW.
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Quick Tip

Remember the fundamental physics formula: Power = Force × Velocity. Here, Force =
mg and Velocity = Distance/Time. The result is the same: P = (mg) × (d/t). When
velocity is constant, the lifting force equals the weight.

53. An irregular shaped rock sample of mass 60 g displaces 27 g of brine when
submerged in a filled jar. The specific gravity of brine is 1.05. The unit weight of
the rock sample in kN/m3 is .
rounded off to 2 decimal places

Correct Answer: (A) 22.89

Solution:
Step 1: Calculate the volume of the rock sample.

By Archimedes’ principle, the volume of the submerged object is equal to the volume of the
fluid it displaces.

Density of brine = Specific gravity of brine × Density of water = 1.05 × 1 g/cm3 = 1.05 g/cm3.

Volume of displaced brine = Mass of displaced brine / Density of brine = 27 g / 1.05 g/cm3 =
25.714 cm3.

Volume of rock = 25.714 cm3.

Step 2: Calculate the density of the rock sample.

Mass of rock = 60 g.

Density of rock (ρrock) = Mass of rock / Volume of rock = 60 g / 25.714 cm3 ≈ 2.333 g/cm3.

Step 3: Convert the density to SI units (kg/m3).

ρrock = 2.333 g/cm3 × (1 kg/1000 g) × (100 cm/1 m)3 = 2333 kg/m3.

Step 4: Calculate the unit weight of the rock sample.

Unit weight (γrock) = Density (ρrock) × Acceleration due to gravity (g).

γrock = 2333 kg/m3 × 9.81 m/s2 = 22886.6 N/m3.

63



Step 5: Convert the unit weight to kN/m3 and round off.

γrock = 22886.6 N/m3 / 1000 = 22.8866 kN/m3.

Rounded to 2 decimal places, the unit weight is 22.89 kN/m3.

Quick Tip

To find the volume of an irregular object, submerge it and measure the volume (or mass
and density) of the displaced fluid. Unit weight (γ) is density (ρ) multiplied by g. Be
careful with unit conversions, especially between g/cm3 and kg/m3 (1 g/cm3 = 1000
kg/m3).

54. The reliability function of a pump is given as R(t) = exp
(
−
(

t
1000

)0.5)
where t

stands for time in years. If the pump comes with a six-month warranty, the number
of years for the pump to attain a reliability of 0.9 is .
rounded off to 2 decimal places

Correct Answer: (A) 11.10

Solution:
The six-month warranty information is not relevant to finding the time to attain a specific
reliability. We need to solve the equation for ’t’ when R(t) = 0.9.

Step 1: Set up the equation.

0.9 = exp
(
−
(

t
1000

)0.5)
.

Step 2: Isolate the exponent by taking the natural logarithm of both sides.

ln(0.9) = −
(

t
1000

)0.5
.

-0.10536 = −
(

t
1000

)0.5
.

0.10536 =
(

t
1000

)0.5
.

Step 3: Isolate ’t’ by squaring both sides.

(0.10536)2 = t
1000 .
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0.0111007 = t
1000 .

Step 4: Solve for ’t’.

t = 0.0111007 × 1000 = 11.1007 years.

Step 5: Round the result to 2 decimal places.

t ≈ 11.10 years.

Quick Tip

To solve equations involving the exponential function, the inverse operation is the natural
logarithm (ln). Remember that ln(ex) = x. Be prepared to identify and ignore distractor
information in word problems, such as the warranty period in this case.

55. In a sample of groundwater, the concentration of Ca2+ is 200 mg/l. The cor-
responding calcium carbonate hardness in mg/l is .
rounded off to 1 decimal place

Correct Answer: (A) 500.0

Solution:
Hardness is conventionally expressed as the equivalent concentration of calcium carbonate
(CaCO3). The conversion is based on chemical equivalent weights.

Step 1: Determine the molecular and equivalent weights.

Molecular weight of Calcium (Ca) ≈ 40 g/mol.
Valency of Ca2+ is 2.
Equivalent weight of Ca2+ = Molecular weight / Valency = 40 / 2 = 20.

Molecular weight of Calcium Carbonate (CaCO3) = 40 (Ca) + 12 (C) + 3 × 16 (O) = 100
g/mol.
The equivalent valency for CaCO3 is 2.
Equivalent weight of CaCO3 = 100 / 2 = 50.

Step 2: Use the conversion formula.

Hardness (as mg/L CaCO3) = [Concentration of Ca2+ in mg/L] × Equivalent weight of CaCO3

Equivalent weight of Ca2+
.
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Step 3: Calculate the hardness.

Hardness = 200 mg/L × 50
20 .

Hardness = 200 × 2.5 = 500 mg/L.

Rounded to 1 decimal place, the hardness is 500.0 mg/L.

Quick Tip

A quick way to remember the hardness calculation for common ions is to find the con-
version factor. For Calcium (Ca2+), the factor is (Eq. Wt. of CaCO3) / (Eq. Wt. of
Ca2+) = 50/20 = 2.5. So, you just multiply the Ca2+ concentration in mg/L by 2.5.

56. A thermal power station receives coal of calorific value 4000 kcal/kg and uses
7000 tonnes of coal every day. Assuming 860 kcal is the heat equivalent of 1.0
kWh, for a thermal efficiency of 40% and electrical efficiency of 85% the power
generation per day in MWh is .
rounded off to 1 decimal place

Correct Answer: (A) 11069.8

Solution:
Step 1: Calculate the total heat energy input per day.

Mass of coal = 7000 tonnes = 7000 × 1000 kg = 7× 106 kg.

Calorific value = 4000 kcal/kg.

Total heat input = Mass of coal× Calorific value = (7×106 kg)×(4000 kcal/kg) = 28×109 kcal.

Step 2: Calculate the overall efficiency of the power station.

Overall efficiency (ηoverall) = Thermal efficiency (ηth) × Electrical efficiency (ηel).

ηoverall = 0.40 × 0.85 = 0.34.

Step 3: Calculate the useful energy output in kcal.

Energy output = Total heat input × ηoverall.
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Energy output = (28× 109 kcal)× 0.34 = 9.52× 109 kcal.

Step 4: Convert the energy output from kcal to kWh.

Conversion factor: 860 kcal = 1 kWh.

Energy output (kWh) = 9.52×109 kcal
860 kcal/kWh

≈ 11069767.44 kWh.

Step 5: Convert the energy output to MWh and round off.

Energy output (MWh) = 11069767.44 kWh
1000 kWh/MWh

≈ 11069.77 MWh.

Rounded to 1 decimal place, the power generation is 11069.8 MWh.

Quick Tip

To calculate the final electrical output of a power plant, first find the total heat input from
the fuel. Then, multiply by the overall efficiency (which is the product of all individual
efficiencies) to get the useful energy output. Finally, use the given conversion factors to
express the answer in the required units (e.g., MWh).

57. A coal company has three mines which transport coal to four washeries. The
daily production from each mine, the demand at each washery and unit transporta-
tion cost from each mine to each washery are given in table. The cost of initial
basic feasible solution using Vogel’s approximation method is .
rounded off to 1 decimal place

Correct Answer: (A) 81400.0

Solution:
We apply Vogel’s Approximation Method (VAM) iteratively.

Iteration 1: Calculate penalties. Rows: (30-10)=20, (40-30)=10, (20-8)=12. Cols: (40-19)=21,
(30-8)=22, (50-40)=10, (20-10)=10. Max penalty is 22 (Col W2). Allocate to min cost cell
(M3,W2), cost 8. Allocate min(Supply=1800, Demand=800) = 800. Col W2 is satisfied. M3
supply becomes 1000.
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Iteration 2: Recalculate penalties (Col W2 ignored). Rows: (50-10)=40, (60-40)=20, (40-
20)=20. Cols: (40-19)=21, (50-40)=10, (20-10)=10. Max penalty is 40 (Row M1). Allocate to
min cost cell (M1,W4), cost 10. Allocate min(Supply=700, Demand=1400) = 700. Row M1 is
satisfied. W4 demand becomes 700.

Iteration 3: Recalculate penalties (M1, W2 ignored). Rows: (60-40)=20, (40-20)=20. Cols:
(70-40)=30, (70-40)=30, (60-20)=40. Max penalty is 40 (Col W4). Allocate to min cost cell
(M3,W4), cost 20. Allocate min(Supply=1000, Demand=700) = 700. Col W4 is satisfied. M3
supply becomes 300.

Iteration 4: Recalculate penalties (M1, W2, W4 ignored). Rows: (70-40)=30, (70-40)=30.
Cols: (70-40)=30, (70-40)=30. All penalties are 30 (tie). Choose lowest cost cell, which is
(M2,W3) with cost 40. Allocate min(Supply=900, Demand=700) = 700. Col W3 is satisfied.
M2 supply becomes 200.

Iteration 5: Only Col W1 remains. Supply for M2 is 200, for M3 is 300. Demand for W1 is
500. Allocate 200 to (M2,W1) and 300 to (M3,W1).

Final Allocations: (M3,W2)=800, (M1,W4)=700, (M3,W4)=700, (M2,W3)=700, (M2,W1)=200,
(M3,W1)=300.

Total Cost = (800×8) + (700×10) + (700×20) + (700×40) + (200×70) + (300×40)
= 6400 + 7000 + 14000 + 28000 + 14000 + 12000 = 81400.

The total cost is 81400.0.

Quick Tip

Vogel’s Approximation Method (VAM) involves calculating ”penalties” for each row and
column (difference between the two lowest costs). In each step, you select the row/column
with the highest penalty and allocate as much as possible to the cell with the lowest cost
in that row/column.

58. A workshop has four tasks and equal number of machines to perform the tasks.
Each of the machines can perform only one of the four tasks. The estimated cost
at each of the machines to complete each task is given in table. The total cost of
optimal assignment is .
rounded off to 1 decimal place
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Correct Answer: (A) 210.0

Solution:
We use the Hungarian method to solve this assignment problem.

Step 1: Row Reduction. Subtract the minimum element of each row from all elements in that
row.

Original Matrix:


10 40 60 30
90 70 100 90
40 50 110 70
80 70 80 50

 → Reduced Matrix:


0 30 50 20
20 0 30 20
0 10 70 30
30 20 30 0


Step 2: Column Reduction. Subtract the minimum element of each column from all elements
in that column. (Only C3 changes).

Reduced Matrix:


0 30 20 20
20 0 0 20
0 10 40 30
30 20 0 0


Step 3: Cover all zeros with the minimum number of lines. We can cover them with 3 lines
(e.g., Row 2, Row 4, Col 1). Since 3 ¡ 4, the solution is not optimal.

Step 4: Improve the matrix. Find the smallest uncovered element (10). Subtract it from all
uncovered elements and add it to elements at the intersection of lines.

New Matrix:


0 20 10 10
30 0 0 20
0 0 30 20
40 20 0 0


Step 5: Cover zeros again. Now 4 lines are required. The solution is optimal. Make assign-
ments.
- M3 must be assigned to T2 (only zero in that row).
- With T2 taken, M2 must be assigned to T3.
- With T3 taken, M4 must be assigned to T4.
- With T4 taken, M1 must be assigned to T1.
Assignment: M1→T1, M2→T3, M3→T2, M4→T4.

Step 6: Calculate the total cost from the original matrix.
Cost = C(M1,T1) + C(M2,T3) + C(M3,T2) + C(M4,T4)
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Cost = 10 + 100 + 50 + 50 = 210.
The optimal cost is 210.0.

Quick Tip

The Hungarian method is a standard algorithm for solving assignment problems. The
key steps are row reduction, column reduction, and then iteratively improving the matrix
by covering zeros and adjusting values until an optimal assignment (where the number
of covering lines equals the matrix dimension) can be made.

59. The time between consecutive accidents in days in an underground coal mine
in a year are as follows
10, 15, 6, 18, 12, 14, 16, 9, 21, 15, 26, 18, 22, 25, 13
Assuming exponential distribution, the probability that there will be no accident
over a 10-day period is .
rounded off to 2 decimal places

Correct Answer: (A) 0.54

Solution:
Step 1: Calculate the mean time between accidents (µ).

Number of observations (N) = 15.

Sum of times = 10+15+6+18+12+14+16+9+21+15+26+18+22+25+13 = 240 days.

Mean, µ = Sum / N = 240 / 15 = 16 days.

Step 2: Determine the rate parameter (λ) for the exponential distribution.

For an exponential distribution, the rate parameter λ is the reciprocal of the mean.

λ = 1 / µ = 1/16 accidents per day.

Step 3: Calculate the required probability using the exponential distribution formula.

The probability that the time T until the next event is greater than some time t is given by
the reliability function: P(T ¿ t) = e−λt.

We need to find the probability of no accident over a 10-day period, which is P(T ¿ 10).
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P(T ¿ 10) = e−(1/16)×10 = e−10/16 = e−0.625.

P(T ¿ 10) ≈ 0.53526.

Step 4: Round the result to 2 decimal places.

The probability is 0.54.

Quick Tip

The exponential distribution is often used to model the time between events in a Poisson
process. Remember the key formula for the probability of ”survival” (no event occurring)
beyond time t: P (T > t) = e−λt, where λ is the average event rate.

60. A surface mine blast pattern has spacing 4 m and burden 3 m. The diameter
of the drill hole is 110 mm. The drilling length is 8.8 m including subgrade of 10%.
The bulk explosive density is 900 kg/m3. If the powder factor is 2.5 m3/kg, the
charge length in m is .
rounded off to 2 decimal places

Correct Answer: (A) 4.49

Solution:
Step 1: Determine the bench height.

Drilling length (L) = 8.8 m. This includes a 10
L = Bench Height (H) + Subgrade = H + 0.1 × H = 1.1 H.

H = L / 1.1 = 8.8 m / 1.1 = 8 m.

Step 2: Calculate the volume of rock broken per drill hole.

Volume per hole (V) = Burden × Spacing × Bench Height.

V = 3 m × 4 m × 8 m = 96 m3.

Step 3: Calculate the weight of explosive required per hole.

The powder factor (PF) is given as volume of rock per kg of explosive.

Weight of explosive per hole (W) = Volume per hole / Powder Factor.
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W = 96 m3 / 2.5 m3/kg = 38.4 kg.

Step 4: Calculate the charge length required for this weight of explosive.

Weight = Charge Volume × Explosive Density.

Charge Volume = Area of drill hole × Charge Length (lc).

Hole diameter (D) = 110 mm = 0.11 m.

Area = πD2/4 = π(0.11)2/4 ≈ 0.009503 m2.

W = Area × lc × ρex.

38.4 kg = 0.009503 m2 × lc × 900 kg/m3.

38.4 = 8.553 × lc.

lc = 38.4 / 8.553 ≈ 4.489 m.

Rounded to 2 decimal places, the charge length is 4.49 m.

Quick Tip

Blasting calculations often involve working backwards or forwards through a series of
steps. Key relationships are: Volume = BxSxH, Explosive Weight = Volume / Powder
Factor, and Explosive Weight = (Charge Length × Hole Area) × Explosive Density.
Ensure consistent units.

61. A mining company makes an initial investment of Rs 200 crore on a project.
The following data are available:
Production life: 3 years
Year wise production after gestation period (Mtonne): 1.0, 2.0, and 1.0
Stripping ratio: 1.5 m3/tonne
Selling price of ore: Rs. 2000 per tonne
Ore mining cost: Rs. 500 per tonne
Waste mining cost: Rs. 500 per m3

Discount rate: 10%
By ignoring any other cash-flows, if the NPV of the project becomes Rs. 5.367
crore, the gestation period of the project, in years, is .
rounded off to the nearest integer

Correct Answer: (A) 2
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Solution:
Let the gestation period be ’g’ years. The production cash flows occur in years g+1, g+2, and
g+3. The investment is at year 0.

Step 1: Calculate the annual cash flow per tonne of ore.

Revenue = Rs. 2000/tonne.

Ore mining cost = Rs. 500/tonne.

Waste mining cost = Stripping ratio × Waste cost = 1.5 m3/tonne × Rs. 500/m3 = Rs.
750/tonne.

Net Cash Flow per tonne = 2000 - 500 - 750 = Rs. 750/tonne.

Step 2: Calculate the undiscounted cash flows for each production year.

Year 1 (g+1): 1.0 Mtonne × 750 Rs/tonne = 750 M Rs = 75 crore.

Year 2 (g+2): 2.0 Mtonne × 750 Rs/tonne = 1500 M Rs = 150 crore.

Year 3 (g+3): 1.0 Mtonne × 750 Rs/tonne = 750 M Rs = 75 crore.

Step 3: Set up the NPV equation.

NPV =
∑

CFt

(1+r)t
− I0.

5.367 = 75
(1.1)g+1 +

150
(1.1)g+2 +

75
(1.1)g+3 − 200.

205.367 = 1
(1.1)g

[
75
1.1 +

150
1.12 +

75
1.13

]
.

Step 4: Calculate the value inside the bracket (Present Value of cash flows if g=0).

PV = 68.1818 + 123.9669 + 56.3494 = 248.4981.

Step 5: Solve for g.

205.367 = 1
(1.1)g

× 248.4981.

(1.1)g = 248.4981 / 205.367 ≈ 1.21.

Since (1.1)2 = 1.21, we can see that g = 2.

The gestation period is 2 years.
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Quick Tip

In NPV problems with an unknown gestation period, calculate the present value of all
future cash flows as if they started in year 1. Then, use the NPV formula to find the
discount factor (1/(1+ r)g) needed to match the given NPV. This allows you to solve for
the gestation period ’g’.

62. A rock slope is intercepted by a joint plane at an angle 30° as shown in figure.
The following data are available
Unit weight of the rock: 20 kN/m3

Cohesion of joint: 30 kPa
Friction angle of joint: 22°
The factor of safety of the rock slope to slide along the joint plane is .
rounded off to 2 decimal places

Correct Answer: 1.52 (Note: This is the correctly calculated value. The likely provided

answer key value of 1.11 corresponds to a slope angle of 75°, not 45° as shown.)

Solution:
The Factor of Safety (FOS) for a planar failure is the ratio of resisting forces to driving forces.
The standard formula is:
FOS = cA+W cosψp tanϕ

W sinψp

Step 1: Calculate the geometry and weight (W) of the sliding block per unit meter length.
Slope height, H = 20 m. Slope face angle, ψf = 45°. Failure plane dip, ψp = 30°.
Area of the sliding wedge = 1

2H
2(cotψp − cotψf ).

Area of wedge = 1
2(20)

2(cot 30◦ − cot 45◦) = 200(1.732− 1) = 146.41 m2.
Weight of the wedge, W = Area × Unit Weight = 146.41 m2 × 20 kN/m3 = 2928.2 kN.

Step 2: Calculate the area of the failure plane (A) per unit meter length.
Length of the failure plane, L = H/ sinψp = 20/ sin 30◦ = 40 m.
Area of the plane, A = L × 1 m = 40 m2.

Step 3: Calculate the Resisting and Driving Forces.
Cohesive force = c × A = 30 kN/m2 × 40 m2 = 1200 kN.
Frictional force = W cosψp tanϕ = 2928.2×cos 30◦×tan 22◦ = 2928.2×0.866×0.404 = 1024.1
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kN.
Total Resisting Force = 1200 + 1024.1 = 2224.1 kN.
Driving Force = W sinψp = 2928.2× sin 30◦ = 2928.2× 0.5 = 1464.1 kN.

Step 4: Calculate the Factor of Safety.
FOS = Total Resisting Force / Driving Force = 2224.1 / 1464.1 = 1.519.
Rounded to 2 decimal places, the Factor of Safety is 1.52.

Quick Tip

The Factor of Safety for a simple planar slope failure is the ratio of total resisting forces
(cohesion + friction) to the total driving force (component of weight parallel to the
failure plane). Ensure all geometric parameters like wedge weight and failure plane area
are calculated correctly.

63. A mine void of width 20 m, length 50 m and height 30 m is to be filled
with mill tailings based cemented paste backfill (CPB). The CPB contains tail-
ings:cement:water as 1.0:0.1:0.2 by weight. The specific gravity of tailings and
cement are 2.8 and 2.4 respectively. Assuming 20% of the original volume of water
is retained in the final backfill, the amount of cement in tonne required so as to fill
the void completely is .
rounded off to nearest integer

Correct Answer: 6837 (Note: This is the correctly calculated value. The likely provided
answer key value of 5382 corresponds to an incorrect water retention of 80

Solution:
The principle is that the sum of the volumes of the final components (solids + retained water)
must equal the volume of the void.

Step 1: Calculate the volume of the mine void.
Vvoid = 20 m × 50 m × 30 m = 30,000 m3.

Step 2: Express component masses and volumes in terms of a single variable, Mc (mass of
cement in kg).
From the weight ratio 1.0:0.1:0.2, we have:
Mass of tailings, Mt = 10 × Mc.
Initial mass of water, Mw = 2 × Mc.
Densities: ρt = 2800 kg/m3, ρc = 2400 kg/m3, ρw = 1000 kg/m3.

Step 3: Formulate the volume balance equation.
Vvoid = Volume of Tailings + Volume of Cement + Volume of Retained Water.
Vtailings = Mt / ρt =

10Mc

2800 .
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Vcement = Mc / ρc =
Mc

2400 .

Initial volume of water = Mw / ρw = 2Mc

1000 .

Volume of retained water = 0.20 × Initial volume of water = 0.20× 2Mc

1000 = 0.4Mc

1000 .

Step 4: Substitute the volumes into the balance equation and solve for Mc.
30,000 = 10Mc

2800 + Mc

2400 +
0.4Mc

1000 .
30,000 = Mc

(
10

2800 +
1

2400 +
0.4
1000

)
.

30,000 = Mc (0.0035714 + 0.0004167 + 0.0004).
30,000 = Mc (0.0043881).
Mc = 30,000 / 0.0043881 ≈ 6,836,645 kg.

Step 5: Convert the mass of cement to tonnes and round to the nearest integer.
Mc (tonnes) = 6,836,645 / 1000 ≈ 6836.6 tonnes.
Rounding to the nearest integer, the required amount of cement is 6837 tonnes.

Quick Tip

In backfill calculations, the fundamental principle is that the sum of the absolute volumes
of the solid components (tailings, cement) and the retained water must equal the volume
of the void being filled. Vvoid = Vsolids + Vwater retained.

64. A fan installed in a mine ventilation system circulates 30 m3/s of air to two
districts A and B as shown in Figure below. It is desired to increase the quantity
of air by 20% in the district B using a booster fan in it. Assuming that the main
fan pressure is unchanged, the pressure of the booster fan, in Pa, is .
rounded off to 2 decimal places

Correct Answer: 317.00 (Note: This is the correctly calculated value based on a rigorous net-
work analysis. The likely provided key of 280.80 may result from an oversimplified assumption.)

Solution:
This problem requires a full ventilation network analysis for the initial and final states.
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Step 1: Analyze the initial network to find the operating pressure of the main fan.
For parallel branches A and B, the pressure drop is equal: PJ = RAQ

2
A = RBQ

2
B.

Given RA=2.0, RB=4.0 =⇒ 2Q2
A = 4Q2

B =⇒ QA =
√
2QB.

The total flow is Q = QA + QB = 30.√
2QB +QB = 30 =⇒ (1.414 + 1)QB = 30 =⇒ QB = 30/2.414 = 12.426 m3/s.

And QA = 30 - 12.426 = 17.574 m3/s.
The pressure drop across the junction is PJ = 4.0 × (12.426)2 = 617.6 Pa.
The pressure drop in the trunk roadways is PTrunk = (RT1+RT2)Q

2 = (0.2+0.2)(30)2 = 360
Pa.
The main fan pressure is PF = PTrunk + PJ = 360 + 617.6 = 977.6 Pa.

Step 2: Analyze the final network with the booster fan.
The main fan pressure remains unchanged, P’F = 977.6 Pa.
The new required flow in branch B is Q’B = 1.20 × 12.426 = 14.911 m3/s.
Let the new flow in branch A be Q’A. The new total flow is Q’ = Q’A + 14.911.
The main fan pressure equation is: P’F = (RT1+RT2)Q’2 + P’J .
The new junction pressure drop is P’J = RA(Q’A)

2.
977.6 = 0.4(Q’A + 14.911)2 + 2(Q’A)

2.
Expanding and rearranging gives a quadratic equation: 2.4(Q’A)

2 + 11.929(Q’A) - 888.66 = 0.
Solving for Q’A gives Q’A ≈ 16.917 m3/s.

Step 3: Calculate the booster fan pressure (Pb).
In a parallel circuit with a booster, the pressure drops must be balanced.
P’J = RB(Q’B)

2 - Pb.
Pb = RB(Q’B)

2 - P’J = RB(Q’B)
2 - RA(Q’A)

2.
Pb = 4.0 × (14.911)2 - 2.0 × (16.917)2.
Pb = 4.0 × 222.34 - 2.0 × 286.18 = 889.36 - 572.36 = 317.0 Pa.
The required booster fan pressure is 317.00 Pa.

Quick Tip

For parallel ventilation circuits, the pressure drop between the start and end junctions
is the same for all branches. A booster fan adds pressure to its branch, so the pressure
drop that must be provided by the main fan for that branch is reduced. The condition
”unchanged fan pressure” requires a full re-calculation of the network’s operating point.

65. Data related to a water turbine pump with backward bladed impellers are
given below:
Impeller diameter: 35 cm
RPM: 1200
Angle of curvature of blade: 30°
Radial velocity of discharge: 2 m/s
Manometric efficiency: 0.8
The number of impellers required in the pump to lift water by a height 300 m is
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.
rounded off to higher integer

Correct Answer: (C) 10

Solution:
Step 1: Calculate the tangential velocity of the impeller tip (u2).

Diameter, D = 35 cm = 0.35 m.

RPM, N = 1200.

u2 = πDN
60 = π×0.35×1200

60 = 22π ≈ 21.99 m/s.

Step 2: Calculate the whirl velocity at the outlet (Vw2).

The outlet velocity triangle for a backward-bladed pump gives the relation:
tan(ϕ) =

Vf2

u2−Vw2
, where ϕ is the blade angle (30°) and Vf2 is the radial velocity (2 m/s).

tan(30°) = 2
21.99−Vw2

.

0.57735 = 2
21.99−Vw2

.

21.99 - Vw2 = 2 / 0.57735 = 3.464.

Vw2 = 21.99 - 3.464 = 18.526 m/s.

Step 3: Calculate the manometric head developed by a single impeller (Hm).

Manometric efficiency, ηman = gHm

Vw2u2
.

0.8 = 9.81×Hm

18.526×21.99 .

0.8 = 9.81×Hm

407.387 .

Hm = 0.8×407.387
9.81 ≈ 33.22 m.

Step 4: Calculate the number of impellers required.

Total required head, Htotal = 300 m.

Number of impellers = Htotal

Hm per impeller =
300
33.22 ≈ 9.03.

Since the number of impellers must be an integer and we need to achieve at least 300 m head,
we must round up to the next higher integer.
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Number of impellers = 10.

Quick Tip

For centrifugal pumps, the key is to analyze the outlet velocity triangle. The manometric
head per stage is calculated using the formula ηman = gHm/(Vw2u2). The total number
of impellers (for a multi-stage pump) is the total required head divided by the head
generated per impeller, always rounded up.
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