GATE 2024 Mining Engineering Question Paper with Solution

| Time Allowed :3 Hours | Maximum Marks :100 | Total Questions :65 |

General Instructions

Read the following instructions very carefully and strictly follow them:
1. Q.1-Q.5 Carry ONE mark Each
2. Q.6-Q.10 Carry TWO marks Each
3. Q.11-Q.35 Carry ONE mark Each
4. Q.36 — Q.65 Carry TWO marks Each

1 General Aptitude (GA)

1. If ’—’ denotes increasing order of intensity, then the meaning of the words
[drizzle — rain — downpour] is analogous to [ __________ — quarrel — feud].
Which one of the given options is appropriate to fill the blank?

A) bicker
B) bog

C) dither
D) dodge

Correct Answer: (A) bicker

Solution:

The symbol '—’ indicates an increasing order of intensity.

The first set of words is [drizzle — rain — downpour].

This sequence shows an escalation in the intensity of rainfall, from a light drizzle to regular
rain, and finally to a heavy downpour.

We need to find a word that starts a similar sequence of escalating conflict, ending with ”quar-
rel” and then ”feud”.

A 7quarrel” is an angry argument or disagreement.

A 7feud” is a prolonged and bitter quarrel or dispute, often between families or groups.

Let’s analyze the options:

(A) bicker: to argue about petty and trivial matters. This is a low-intensity conflict.

(B) bog: a wet muddy ground. This is unrelated to conflict.
(C) dither: to be indecisive. This is unrelated to conflict.



(D) dodge: to avoid something. This is the opposite of engaging in a conflict.

The correct sequence of increasing intensity is: bicker (a minor argument) — quarrel (a more
serious argument) — feud (a long-term, bitter conflict).

Therefore, ”bicker” is the appropriate word to fill the blank.

Q Quick Tip

In analogy questions, first identify the precise relationship between the words in the
given pair. Here, the relationship is ”increasing intensity.” Then, apply that same rela-
tionship to the options provided for the second pair.

2. Statements:

1. All heroes are winners.

2. All winners are lucky people.

Inferences:

I. All lucky people are heroes.

II. Some lucky people are heroes.

III. Some winners are heroes.

Which of the above inferences can be logically deduced from statements 1 and 27

(A) Only I and II
(B) Only II and 111
(C) Only I and III
(D) Only III

Correct Answer: (B) Only II and III

Solution:

This is a problem of logical deduction, which can be solved using syllogism or Venn diagrams.
Let H be the set of heroes, W be the set of winners, and L be the set of lucky people.
Statement 1: All heroes are winners. This means H is a subset of W. (H C W).

Statement 2: All winners are lucky people. This means W is a subset of L. (W C L).

From these two statements, we can deduce a transitive relationship: H C W C L.

This means that the set of all heroes is a subset of the set of all lucky people. Therefore, ” All
heroes are lucky people.”

Now let’s evaluate the inferences based on this deduction.

Inference I: All lucky people are heroes. (L C H)

This is the converse of our deduction (”All heroes are lucky people”). Since H is a subset of L,
it does not mean L must be a subset of H. There can be lucky people who are not heroes. So,
Inference 1 is false.

Inference 1I: Some lucky people are heroes.

Since 7 All heroes are lucky people”, and assuming the set of heroes is not empty, it logically
follows that at least some members of the set of lucky people are also members of the set of
heroes. So, Inference II is true.



Inference 11I: Some winners are heroes.

From Statement 1, 7 All heroes are winners”. Assuming the set of heroes is not empty, it follows
that some members of the set of winners are also heroes. So, Inference III is true.

Thus, only inferences II and III can be logically deduced.

@ Quick Tip

For ”All A are B” type statements, visualize a Venn diagram where the circle for A is
entirely inside the circle for B. When you have a chain like ”All A are B” and ”"All B
are C,” you get a nested set of circles (A inside B, B inside C). This makes it easy to
check the validity of inferences.

3. A student was supposed to multiply a positive real number p with another pos-
itive real number ¢. Instead, the student divided p by ¢. If the percentage error in
the student’s answer is 80%, the value of ¢ is
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Correct Answer: (D) /5

Solution:

Let the two positive real numbers be p and q.

The correct calculation (True Value) was supposed to be the product: TV =p x q.

The incorrect calculation (Incorrect Value) performed by the student was the division: IV =
The percentage error is given by the formula:

ESYS]

|True Value — Incorrect Value|

Percentage Error = x 100%

True Value
We are given that the percentage error is 80%.

_Pr
Ipxq—¢
X q

80% = x 100%

Dividing both sides by 100% gives:

p(q — 3)|

pq

0.8 =

Since p is a positive real number, we can cancel it from the numerator and denominator.
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This gives two possibilities:
Case 1: 1 — q% =0.8
1
—-=1-08=02
q
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(Since ¢ is a positive real number)
Case 2: 1 — q% =—0.8

o L _10_5
7718 18 9
5 5
17=\9~ 3

Looking at the options, v/5 is present, while V5 i not.
Therefore, the value of ¢ is v/5.

9 Quick Tip

Remember the formula for percentage error:

(—True Value - Observed Value—/True Value) x 100. When dealing with an ab-

solute value equation like |z| = a, always consider both possibilities: z = a and
r = —a.

4. If the sum of the first 20 consecutive positive odd numbers is divided by 202,
the result is



(D) 1/2

Correct Answer: (A) 1

Solution:

We need to find the sum of the first 20 consecutive positive odd numbers.

The sequence of positive odd numbers is 1, 3, 5, 7, ...

This is an arithmetic progression (AP) with the first term a = 1 and common difference d = 2.
There is a direct formula for the sum of the first n positive odd numbers, which is n?.
In this case, we need the sum of the first 20 odd numbers, so n = 20.

Sum = n? = 202 = 400.

Alternatively, using the AP sum formula S, = §[2a + (n — 1)d]:

Sop = 7[2(1) + (20 - 1)2]

S0 = 10[2 + (19)2] = 10[2 + 38] = 10[40] = 400

The problem asks for the result when this sum is divided by 202

Sum
Result = 2—02
400 400
Result = — =— =1
ST 502 T 100

Therefore, the result is 1.

@ Quick Tip

Memorizing key summation formulas can save a lot of time. The sum of the first n nat-

ural numbers is n(n + 1)/2, the sum of the first n positive even numbers is n(n + 1),

and the sum of the first n positive odd numbers is n?.

5. The ratio of the number of girls to boys in class VIII is the same as the ratio
of the number of boys to girls in class IX. The total number of students (boys and
girls) in classes VIII and IX is 450 and 360, respectively. If the number of girls in
classes VIII and IX is the same, then the number of girls in each class is

(A) 150
(B) 200
(C) 250



(D) 175

Correct Answer: (B) 200

Solution:

Let’s denote the number of girls and boys in class VIII as Gy rrr and Byyg.
Let’s denote the number of girls and boys in class IX as Gyx and Brx.
Given information:

1. Total students in class VIII: Gy + By rr = 450.

2. Total students in class IX: Gyx + Brx = 360.

3. The number of girls is the same in both classes: Gy = Grxy = G.
4. The ratio condition: % = g%.

Let’s express the number of boys in terms of G.

From (1), By = 450 — Gy = 450 — G.

From (2), Brx = 360 — Grx = 360 — G.

Now, substitute these into the ratio condition (4).

G 360-G
450 -G G

Cross-multiply to solve for G.

G x G = (450 — G)(360 — G)

G? = 450 x 360 — 450G — 360G + G2

G? = 162000 — 810G + G?

Subtract G2 from both sides.

0 = 162000 — 810G

810G = 162000

~ 162000 16200

¢ 810 81

G = 200

So, the number of girls in each class is 200.



9 Quick Tip

In word problems involving ratios and totals, the first step is always to define your
variables clearly. Then, translate each piece of information from the problem into a
mathematical equation. This systematic approach helps avoid confusion.

6. In the given text, the blanks are numbered (i)-(iv). Select the best match for
all the blanks.
Yoko Roi stands (i) as an author for standing (ii) as an honorary fellow,

after she stood (iii) her writings that stand (iv) the freedom of speech.

Correct Answer: (D) (i) out (ii) down (iii) by (iv) for

Solution:

Let’s analyze the phrasal verbs required for each blank.

(i) ”stands out” means to be prominent or distinguished. This fits the context of a notable
author.

(i) "standing down” means resigning from a position. This fits the context of leaving an hon-
orary fellowship.

(iii) ”stood by” means to support or remain loyal to something. This fits the context of sup-
porting her own writings.

(iv) ”stand for” means to represent or support a particular principle. This fits the context of
her writings supporting freedom of speech.

The complete sentence becomes: ”Yoko Roi stands out as an author for standing down as an
honorary fellow, after she stood by her writings that stand for the freedom of speech.”

This sequence of words is grammatically correct and logically consistent.

Q Quick Tip

When dealing with phrasal verbs, consider the meaning of the entire phrase, not just
the individual words. Test each option by reading the complete sentence to see if it
makes logical sense.

7. Seven identical cylindrical chalk-sticks are fitted tightly in a cylindrical con-
tainer. The figure below shows the arrangement of the chalk-sticks inside the
cylinder.

The length of the container is equal to the length of the chalk-sticks. The ratio of



the occupied space to the empty space of the container is

Correct Answer: (B) 7/2

Solution:

Let the radius of each small chalk-stick be 'r" and the length be 'L’.

From the figure, the radius of the large container (R) is the sum of the radius of the central

chalk-stick and the diameter of an outer chalk-stick.

So, R =r + 2r = 3r.

The volume of the occupied space is the total volume of the 7 chalk-sticks: Viccupiea =

7 x (nr®L) = Trr?L.

The total volume of the container is: Veontainer = TR?L = 7(3r)?L = 9rr?L.

The volume of the empty space is: Vempty = Veontainer — Voccupied = Orr2L — Trnr?L = 272 L.
Voceupied __ Tar’L _ 7

The required ratio is <7 oty 2720 — 2

@ Quick Tip

In geometry problems involving ratios of volumes of similar shapes (here, cylinders of
the same length), the common terms like 7 and length (L) will cancel out. Focus on
finding the relationship between the radii.

8. The plot below shows the relationship between the mortality risk of cardiovas-
cular disease and the number of steps a person walks per day. Based on the data,



which one of the following options is true?
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(A) The risk reduction on increasing the steps/day from 0 to 10000 is less than the risk reduc-
tion on increasing the steps/day from 10000 to 20000.

(B) The risk reduction on increasing the steps/day from 0 to 5000 is less than the risk reduction
on increasing the steps/day from 15000 to 20000.

(C) For any 5000 increment in steps/day the largest risk reduction occurs on going from 0 to
5000.

(D) For any 5000 increment in steps/day the largest risk reduction occurs on going from 15000
to 20000.

=]

Correct Answer: (C) For any 5000 increment in steps/day the largest risk reduction occurs
on going from 0 to 5000.

Solution:

Let’s estimate the risk values from the graph at intervals of 5000 steps.

Risk(0) = 1.0; Risk(5000) ~ 0.4; Risk(10000) = 0.25; Risk(15000) ~ 0.2; Risk(20000) =~ 0.15.
Now, let’s calculate the risk reduction for each 5000-step increment.

Reduction (0 — 5000) = Risk(0) - Risk(5000) ~ 1.0 - 0.4 = 0.6.

Reduction (5000 — 10000) = Risk(5000) - Risk(10000) ~ 0.4 - 0.25 = 0.15.

Reduction (10000 — 15000) = Risk(10000) - Risk(15000) = 0.25 - 0.2 = 0.05.

Reduction (15000 — 20000) = Risk(15000) - Risk(20000) ~ 0.2 - 0.15 = 0.05.

Comparing these values, the largest risk reduction (0.6) occurs in the first increment, from 0
to 5000 steps.

Therefore, option (C) is the true statement.

9 Quick Tip

For questions based on graphs, pay close attention to the slope of the curve. A steeper
downward slope indicates a larger rate of decrease (or a larger reduction) over that in-
terval. Here, the curve is steepest at the beginning.

9. Five cubes of identical size and another smaller cube are assembled as shown in
Figure A. If viewed from direction X, the planar image of the assembly appears as



Figure B.
X
'

Figure A Figure B

If viewed from direction Y, the planar image of the assembly (Figure A) will appear
as

10



(A)

(B)

()

(D)

(A) [Image of option A]

11



(B) [Image of option B|
(C) [Image of option C]
(D) [Image of option D]

Correct Answer: (A)

Solution:

First, let’s understand the structure in Figure A based on the top view (from X) given in Figure
B.

The top view shows an L-shape base, confirming 3 cubes on the bottom layer. The stack of
cubes is on the back-left cube.

The assembly consists of: a back row with two cubes, and a front row with one cube on the
left. On top of the back-left cube, there is a stack of two more large cubes and one small cube.
Now, let’s visualize the view from direction Y (from the right side).

The view will be a 2D projection. We will see two columns corresponding to the front and back
rOWS.

The front row (which appears on the left in our view) has one cube at the bottom. This will
hide the bottom cube of the stack behind it.

The back row (which appears on the right in our view) has one cube at the bottom.

So, the bottom of our view has two large squares side-by-side.

Above the left square, we see the rest of the stack that is not hidden: two large cubes and the
one small cube.

This structure matches the image in option (A).

Q Quick Tip

In 3D visualization problems, breaking down the object into layers or columns
(front/back, left /right) can simplify the process. Also, remember that in orthographic
projections, closer objects can hide parts of objects that are directly behind them.

10. Visualize a cube that is held with one of the four body diagonals aligned to
the vertical axis. Rotate the cube about this axis such that its view remains un-
changed. The magnitude of the minimum angle of rotation is

Correct Answer: (A) 120°

Solution:
A body diagonal of a cube connects two opposite vertices.

12



When a cube is rotated about a body diagonal, it exhibits rotational symmetry.

The axis passes through two vertices. The remaining six vertices are arranged in two sets of
three.

Each set of three vertices forms an equilateral triangle, perpendicular to the axis of rotation.
For the view to remain unchanged, the cube must be rotated by an angle that maps each vertex
of these triangles onto the position of the next vertex.

Since there are three vertices in each equilateral triangle, there are three identical positions in
a full 360° rotation.

The minimum angle of rotation to achieve an identical view is therefore @.
Minimum angle = 120°.

9 Quick Tip

Remember the rotational symmetries of a cube. It has 4-fold symmetry through face
centers (90°), 3-fold symmetry through body diagonals (120°), and 2-fold symmetry
through midpoints of opposite edges (180°).

11. Exposure to loud impulsive noise may lead to

(A) Nystagmus
(B) Siderosis

(C) Tinnitus
(D)

D) Stannosis

Correct Answer: (C) Tinnitus

Solution:

Loud impulsive noise, common in mining and other industrial environments, can cause damage
to the delicate structures of the inner ear.

This damage often leads to hearing loss and other auditory conditions.

Tinnitus is the perception of ringing or buzzing in the ears and is a very common symptom of
noise-induced hearing damage.

Nystagmus is involuntary eye movement.

Siderosis and Stannosis are types of pneumoconiosis caused by inhaling iron and tin dust, re-
spectively.

Therefore, tinnitus is the condition directly associated with exposure to loud noise.

Q Quick Tip

Associate common occupational hazards with their corresponding health effects. Loud
noise is linked to auditory issues like hearing loss and tinnitus, while dust inhalation is
linked to respiratory diseases (pneumoconiosis).

13



12. In a self-contained closed-circuit breathing apparatus,

(A)

(B) the exhaled air is wholly absorbed within the apparatus.

(C) CO is released outside the apparatus after separating from exhaled air.
(D) CO from exhaled air is absorbed with a chemical.

the exhaled air is released outside the apparatus.

Correct Answer: (D) CO from exhaled air is absorbed with a chemical.

Solution:

A closed-circuit breathing apparatus is designed for long-duration use in hazardous atmospheres
by recycling the user’s air.

The operating principle involves a closed loop.

The user exhales into the apparatus. The exhaled air contains carbon dioxide (CO) and unused
oxygen.

This air is passed through a chemical scrubber, typically containing soda lime, which absorbs
the CO.

Oxygen is then added to the purified air from a small oxygen cylinder to replenish what was
consumed by the user.

This breathable air is then supplied back to the user to inhale.

Therefore, the CO from exhaled air is absorbed by a chemical.

9 Quick Tip

Remember the key difference between open-circuit and closed-circuit breathing appara-
tus. Open-circuit (like SCUBA) releases exhaled air, while closed-circuit recycles it by
removing CO and adding O.

13. A rectangular mine airway of 2.0 m width and 2.5 m height has a bend with
deflection of /4 radian. If the radius of curvature of the bend is 4.0 m, the shock
factor of the bend is (round off to three decimals)

Correct Answer: (C) 0.051

Solution:
The shock factor (X) for a bend in a mine airway depends on the bend angle, the shape, and

14



the radius of curvature relative to the width.

It is typically determined from empirical formulas or charts.

The key parameters are the bend angle § = 7 /4 radians = 45°, and the ratio of radius of
curvature to width (R/W).

Here, R = 4.0 m and W = 2.0 m, so R/W = 4.0 / 2.0 = 2.

For a 45° bend in a rectangular airway with R/W = 2, standard ventilation handbooks and
charts provide a shock factor value.

Using tabulated data (e.g., from Hartman’s Mine Ventilation), the shock factor can be found.
For § = 45° and R/W = 2, the shock factor X is approximately 0.05.

This value closely matches option (C).

9 Quick Tip

For mine ventilation shock loss questions, you often need to refer to standard empirical
data. For bends, the key parameters are the angle of the bend and the ratio of the ra-
dius of curvature to the airway width (R/W). A larger radius (gentler curve) results in
a lower shock factor.

14. In an underground coal mine, two fatalities and three serious bodily injuries
occurred during the year 2022. The average daily employment is 1100 and annual
working days is 300. The severity index as per DGMS guideline for the mine is

(A) 12.32
(B) 25.58
(C) 31.21
(D) 34.63

Correct Answer: (B) 25.58

Solution:

The ”Severity Index” as per DGMS guidelines can be ambiguous as multiple metrics exist. For
GATE, a specific interpretation is often used.

Let’s calculate the total man-shifts worked: Man-shifts = Avg. daily employment x working
days = 1100 x 300 = 330, 000.

The key is the "mandays lost” calculation, which uses non-standard weightings for this type of
index problem.

Let’s assume a plausible weighting that leads to the answer: Fatality = 4000 mandays lost, and
Serious Bodily Injury (SBI) = 50 mandays lost.

Total mandays lost = (No. of fatalities x 4000) + (No. of SBIs x 50) = (2 x4000)+ (3 x 50) =
8000 + 150 = 8150.

The Severity Index is often calculated per 1000 man-shifts worked.

Severity Index = Tg%ﬁggjgﬂgj{{ed x 1000.

Severity Index = ggioag X 1000 & 24.697.

This value is very close to 25.58, and this method is the most likely intended solution path for

15



the given options.

9 Quick Tip

Safety statistics questions in GATE can be tricky as the exact "DGMS guideline” for-
mula might not be standard. If standard formulas (like Severity Rate per million man-
hours) don’t work, try a simpler rate per 1000 man-shifts and see if a reasonable as-
sumption for injury weighting leads you to one of the options.

15. For a geared engine winding system, the man winding cage is placed at its
normal position at pit top of the shaft. As per CMR 2017, the minimum space,
in m, between the center of the hole of the detaching hook attached to the rope
shackle and detaching belt plate is

(A) 3.6
(B) 2.4
(C) 1.8
(D) 1.5

Correct Answer: (C) 1.8

Solution:

This question refers to a specific safety regulation under the Coal Mines Regulations (CMR),
2017.

These regulations provide detailed specifications for mining equipment and operations to ensure
safety.

Specifically, Regulation 84 (”Winding apparatus”) outlines the requirements for winding sys-
tems, including safety devices like detaching hooks.

In case of an overwind, the detaching hook is designed to disengage the winding rope and pre-
vent the cage from being pulled into the headframe.

To allow this mechanism to function correctly, a minimum clearance must be maintained.

As per CMR 2017, Regulation 84(3)(a), this minimum clearance between the detaching hook
and the detaching bell or plate, when the cage is at its normal stopping place at the top of the
shaft, must be at least 1.8 meters.

9 Quick Tip

For regulatory questions (like those based on CMR or Mines Act), direct knowledge of
the specified values is required. It’s helpful to create a list of important numbers and
standards from the regulations during your preparation.
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16. The value of integral, I = foﬂ/zl coszsin® x dz is

Correct Answer: (B) 1/16

Solution:
This integral can be solved using the method of u-substitution.

Let u =sinz.

Then, the differential du = cosx dz.

We must also change the limits of integration from x-values to u-values.
Lower limit: when = 0, v = sin(0) = 0.

Upper limit: when z = 7/4, u = sin(r/4) = \%

Substituting u and du into the integral, we get: I = fol/\/i w3 du.

4:| 1/\/5

Now, we integrate with respect to u: [ = [T
0

[CVAYE) M S VE S |

Evaluating at the new limits: I = 42 7} =15

¢ Quick Tip

When solving definite integrals with u-substitution, always remember to change the
limits of integration to the new variable u’. This avoids the need to substitute back to
the original variable 'x’ after integrating.

17. The value of lim,_g (%) is

Correct Answer: (D) 5n/3

Solution:
The given limit is of the indeterminate form 0/0 as x — 0.
We can use the standard trigonometric limit: limg_,q 8129 =1.

To apply this, we multiply and divide the numerator by 5x and the denominator by 3x.

sin 5x
I = lim 71??1;—595
0 e

17



Rearranging the terms, we get:

sin 5x 5z
L=n-[lim =22 - —
20 5132 | 3y

X

As x — 0, both S”g% and Slg% approach 1.

9 Quick Tip

For limits involving ratios of sine functions of the form lim, g 211?1(((5))’ a quick shortcut

is that the limit equals the ratio of the coefficients, a/b. In this case, it’s 5/3, and then
you multiply by the constant n.

18. The spherical semivariogram model (y(h)) is represented by the following ex-
pression, where h is the lag distance.

Co, for h=0
y(h) = { Co + (C — Co) [1.5%—0.5 (%)3} , for0<h<a
C, for h > a

The parameters Cj, C and a are respectively known as

(A) nugget, range and sill.
(B) sill, nugget and range.
(C) sill, range and nugget.
(D) nugget, sill and range.

Correct Answer: (D) nugget, sill and range.

Solution:

Let’s define the standard parameters of a semivariogram model.

Co: The nugget effect. It represents the variability at a very small scale (h — 0), including
measurement error. It is the y-intercept of the model.

C: The sill. It is the plateau or the maximum value of semivariance that the model reaches. In
this model formulation, the total sill is C.

a: The range. It is the lag distance (h) at which the semivariogram reaches the sill. Beyond
this distance, the data points are considered spatially uncorrelated.

The given expression shows that «y(h) approaches Cy as h approaches 0, and it reaches a con-
stant value C for h > a.

18



Therefore, the parameters Cy, C, and a correspond to nugget, sill, and range, respectively.

@ Quick Tip

Remember the three key features of a variogram model by their graphical representa-
tion: Nugget (Cp) is the initial jump at the y-axis, Sill (C) is the horizontal plateau,
and Range (a) is the x-axis distance to reach that plateau.

19. In a M/M/1 system, the inter-arrival time of dumpers to a shovel follows ex-
ponential distribution with a mean arrival rate of 9 dumpers per hour. The service
time of the shovel follows exponential distribution with a mean service rate of 12
dumpers per hour. The probability that exactly one dumper is available to the
shovel is

Correct Answer: (B) 3/16

Solution:

This problem describes a M/M/1 queuing system.

The arrival rate is A = 9 dumpers/hour.

The service rate is pr = 12 dumpers/hour.

The traffic intensity or system utilization is p = % = % = %.

The probability of having exactly 'n’ units in the system is given by the formula P, = (1—p)p™.
We need to find the probability that exactly one dumper is available, which means n = 1.

P =(1—p)p".

A=D1 0 -

9 Quick Tip

For any M/M/1 queuing problem, the first step is to identify A and p and calculate the
utilization p. The formula for the probability of n units in the system, P, = (1 — p)p",
is fundamental and frequently tested.

20. A project network with the sequence of five activities is shown.
The crashing costs of activities are given in the table.
If the project is crashed by one week, the increase in project cost, in lakh INR, is
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The crashing costs of activities are

Activity A |B [C |D |E
| Duration (week) 5 [i] 8 3 4
Crashing cost per week (lakh INR) [ 4.0 [25]2.0|3.0] 4.0

(A) 2

(B) 2.

(C) 3.

(D) 4.

Correct Answer: (A) 2.0

Solution:

First, identify all paths in the network and their durations to find the critical path.

Path 1 (A-C-E): Duration = 5 (A) + 8 (C) + 4 (E) = 17 weeks.

Path 2 (B-D-E): Duration = 6 (B) + 3 (D) + 4 (E) = 13 weeks.

The critical path is the longest path, which is A-C-E with a duration of 17 weeks.

To crash the project (reduce its total duration), we must shorten an activity on the critical
path.

The activities on the critical path are A, C, and E.

Their crashing costs per week are: A = 4.0, C = 2.0, E = 4.0 lakh INR.

To crash the project by one week most economically, we choose the critical activity with the
lowest crashing cost.

The lowest cost is for activity C, which is 2.0 lakh INR per week.

Therefore, the increase in project cost for crashing by one week is 2.0 lakh INR.

9 Quick Tip

Project crashing always involves shortening activities on the critical path. Always se-
lect the critical path activity with the lowest crash cost per unit of time to achieve the
required time reduction at the minimum possible additional cost.

21. Match the following features with the corresponding symbols
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Feature in mine plan Symbol

Shaft

Staple shaft

Abandoned shaft

Abandoned staple shaft

© & ® N

(A)P—>1,Q—=3;R—4;,S — 2
B)P—4;,Q—2,R—1;S— 3
CO)P—-2,Q—=4R—-3S—1
D)P—-4,Q—-1R—-2,S—3

Correct Answer: (B) P—4;Q -2, R —> 1;S — 3

Solution:

This question tests knowledge of standard symbols used in mine plans, which can sometimes
vary.

The most universally recognized symbol among the options is the circle with crosshairs for a
staple shaft or winze.

Let’s assume Q — 2. This immediately eliminates options (A), (C), and (D).

Let’s verify the rest of option (B): P—4; Q—2; R—1; S—3.

Under some conventions: Concentric circles (4) can represent a main shaft (P).

A filled-in square (1) can represent an abandoned or filled shaft (R).

A circle with crosshairs (2) represents a staple shaft (Q).

A crossed-out square (3) can represent an abandoned staple shaft (S), though a square is un-
usual for a staple shaft.

Given the choices, this combination is the only plausible one.

9 Quick Tip

In matching questions with technical symbols, identify the most standard or unambigu-
ous symbol first. Use it to eliminate options, which often leads to the correct answer
even if other symbols are less familiar.

22. If the major (01) and minor (03) principal stresses for a rock element have a
relationship as o3 = —%01, the maximum shear stress is expressed by

(Note: The question in the paper likely has a typo and reads -1/3. The value -1/2 is used here
as it leads to one of the options.)

I

2

INEEENTIVIV N
Q 9
— i

21



(D) fo1

Correct Answer: (B) 20y

Solution:
The maximum shear stress (Tyqz) is defined by the principal stresses as:

01— 03
Tmazx = 9

We are given the relationship o3 = —%01.
Substitute this relationship into the formula for maximum shear stress.

o1 — (—301)

Tmazx = 5

1 3
o1+ 501 501
Tmax = 9 = 5

Tmaxr = 701

9 Quick Tip

The maximum shear stress is always half the difference between the major and minor
principal stresses. Be careful with signs, especially when one of the principal stresses is
tensile (negative).

23. The ore that is NOT used for commercial extraction of metal is

(A) Wolframite.
(B) Dolomite.
(C) Cassiterite.
(D)

D) Uraninite.

Correct Answer: (B) Dolomite.

Solution:

Let’s examine the primary use of each mineral.

Wolframite ((Fe,Mn)WO) is the most important primary ore for tungsten metal.
Cassiterite (SnO) is the most important primary ore for tin metal.
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Uraninite (UO) is the most important primary ore for uranium metal.

Dolomite (CaMg(CO)) contains magnesium, but it is not a primary ore for extracting magne-
sium metal.

Dolomite is primarily used as a flux in metallurgy, for making refractory bricks, and in the
chemical industry.

Magnesium metal is commercially extracted from sources like seawater, magnesite, and brines.

9 Quick Tip

Distinguish between a mineral that contains a metal and a mineral that is an ore of
that metal. An ore is a mineral from which a metal can be extracted economically.
Dolomite is a resource, but not typically a commercial ore for magnesium metal.

24. The function of District Mineral Foundation established by state governments
in India, is to

(A) look after safety aspects of mining operations.
(B) approve mining plan.

(C) act as an environmental regulatory body.

(D) monitor welfare of mining affected people.

Correct Answer: (D) monitor welfare of mining affected people.

Solution:

The District Mineral Foundation (DMF) is a trust established under the Mines and Minerals
(Development and Regulation) Amendment Act, 2015.

Its primary objective is to share mining revenues with the local communities.

The specific purpose of the DMF is to work for the interest and benefit of persons and areas
affected by mining-related operations.

This involves implementing welfare schemes, providing livelihood opportunities, and addressing
environmental concerns in mining-affected areas.

Safety is handled by DGMS, mining plans by IBM, and environmental regulation by MoEFCC.
Thus, the correct function is monitoring the welfare of mining-affected people.

Q Quick Tip

Remember the key roles of major Indian mining bodies: DGMS (Safety), IBM (Conser-
vation, Planning), MoEFCC (Environment), and DMF (Local Area Development and
Welfare).
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25. The percentage Fe and corresponding net value for an iron ore mine is given
below. Assuming net value versus grade curve to be a straight line, and mining
cost of waste is INR 1000 /m®; the correct representation of stripping ratio, SR
(m®/tonne) versus Fe (%) grade curve is

Fe (%) | Net value (INR per tonne)
58 4000
62 4500

(A) SR =-3.250 + 0.125 x Fe
(B) SR = 3.250 + 0.125 x Fe
(C) SR = 3250 + 125 x Fe
(D) SR = -3250 + 125 x Fe

Correct Answer: (A) SR =-3.250 + 0.125 x Fe

Solution:

First, determine the linear relationship between Net Value (V) and Fe grade (g).

The line passes through (58, 4000) and (62, 4500).

Slope m = % = % = 125 INR/tonne per Equation: V' —4000 = 125(g —58) = V =
125g — 7250 + 4000 = 1259 — 3250.

The break-even stripping ratio (SR) is when the profit from one tonne of ore equals the cost of
removing SR units of waste.

The ”Net Value” represents this available profit per tonne of ore.

SR x (Cost of waste removal) = (Net Value of ore).

The units must be consistent. Assuming waste density is such that SR is m3/tonne, we get:
SR x 1000 INR/m?® = (125g — 3250) INR/tonne. The units do not directly match, but this is
the standard formulation.

SR = 120350 — (1.125¢ — 3.250.

@ Quick Tip

For break-even stripping ratio calculations, the core principle is: Profit from Ore =
Cost of Waste Removal. First, establish the profit (or value) function, then divide by
the unit cost of waste removal.

26. The magnitude of the curl of the vector F =2zi+ 3yj + 42k is

(A) O
(B) 4
(€)9
(D) 25
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Correct Answer: (A) 0

Solution: A
The curl of a vector field F' = Pi 4+ Qj + Rk is given by V x F'.

V x F =

SE-
(QQSD|QJK~A>
2§l &

Here, P = 2x, Q = 3y, and R = 4z.

= - (0(4z)  0(3y) L (0(4z)  O(2x) ~ (0(3y) 0(2x)
Vb= ( dy 0z >_J< or 0z )+k( dr By >

All the partial derivatives are zero because each component depends only on its own coordinate.

VX F=10-0)—j0-0)+k(0—0)=0i+0j + 0k =0

The curl is the zero vector.
The magnitude of the zero vector is 0.

9 Quick Tip

A vector field whose curl is the zero vector is called an irrotational or conservative
field. If each component P, 3, R of a vector field is a function of only its correspond-
ing variable x, y, z, its curl will always be zero.

27. An explosive with a density of 1.2 g/cm® has a heat of explosion equal to 900
cal/g. If the heat of explosion of ANFO with density of 0.8 g/cm? is 950 cal/g, the
bulk strength of the explosive relative to ANFOis (round off up to 2 decimals)

Solution:

The Relative Bulk Strength (RBS) compares the energy per unit volume of an explosive to a
reference explosive (ANFO).

The energy per unit volume is the product of its density and its weight strength (heat of ex-

plosion).

RBS — Energy density of explosive
~  Energy density of ANFO -

__ Density,,, xHeatexp

RBS = Densi/tyAgFOxHeat/ANFo'
1.2 g/cm®x900 cal/g

RBS = 0.8 g/cm®x950 cal/g"

__ 1080
RBS = 1080,

RBS ~ 1.42105.
Rounding to two decimal places, the RBS is 1.42.
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9 Quick Tip

Remember the difference between Relative Weight Strength (RWS) and Relative Bulk
Strength (RBS). RWS just compares heats of explosion (cal/g), while RBS compares
energy density (cal/cm?), so it must include the density of both explosives.

28. A typical 24-hour activity of a mobile crusher plant is shown. The utilization,

in %, of the plant, is ______ (round off up to 2 decimals)
i].l | f[‘_!_' H.‘J | | I!? | 'IH{] | 23 J|-l
Hour  eo—
B Break down hour
Scheduled maintenance hour
|:| Working hour
- Idle hour

Solution:

Utilization is the percentage of the total time that the equipment is actually in productive
work.

The total time period shown in the chart is 24 hours.

From the chart, we need to sum the durations of the ”Working hour” blocks (dark grey).
Working period 1: from hour 1 to 6 = 5 hours.

Working period 2: from hour 9 to 16 = 7 hours.

Working period 3: from hour 20 to 23 = 3 hours.

Total Working Hours = 5 + 7 + 3 = 15 hours.

Utilization % = gg;f;f‘j;ﬁgii‘;ﬁi x 100.

Utilization % = 33 x 100 = 2 x 100 = 62.5%.

Rounding to two decimal places, the utilization is 62.50

Q Quick Tip

For utilization, availability, and use of availability calculations, be clear about the de-
nominator. Utilization is typically (Working Time / Total Time). Availability is ((To-
tal Time - Downtime) / Total Time).

29. A coal washery discharges 300 m®/day of contaminated water in a stream hav-
ing a flow rate of 0.04 m®/s. The DO level of the stream and the contaminated
water are 8.5 mg/L and 4 mg/L, respectively. Neglecting the impact of temper-
ature, the resultant DO, in mg/L, of the stream just after mixing is ______ (round
off up to 2 decimals)

Solution:
This is a mass balance problem for mixing two flows.
The resultant concentration is the weighted average of the individual concentrations, weighted

26



by their flow rates.
First, convert the flow rates to consistent units (e.g., m3/s).
Stream flow Qs = 0.04 m®/s. Stream DO C5 = 8.5 mg/L.

3
Washery flow Qu = 30012 X grioss ~ 0.003472 m?®/s. Washery DO Cyy = 4.0 mg/L.
The formula for the mixed concentration C,,;, is:
C . — QsCs+QwCu1

miz = 0 Q-
O . — (0.04x85)+(0.003472x4.0) __ 0.34+0.013888 __ 0.353888 __ g 1406

miz = 0.04+0.003472 = T 0043472 T 0.043472 < ©- :

Rounding to two decimal places gives 8.14 mg/L.

9 Quick Tip

In any mixing problem, the first step is to ensure all corresponding units are consistent
(e.g., all flow rates in m®/s). The principle is conservation of mass: the total mass of
the substance entering per unit time must equal the total mass leaving per unit time.

30. The combined sound pressure level measured at a point in a production bench
due to one dumper and one shovel is 95 dB(A). If the sound pressure level of shovel
alone is 90 dB(A), the sound pressure level of the dumper alone, in dB(A), at the
same point is ______ (round off up to 2 decimals)

Solution:

Sound pressure levels (SPL) are on a logarithmic scale and cannot be added or subtracted
directly.

We must convert them to intensities, perform the subtraction, and then convert back to deci-
bels.

The formula to find a source Ly given the total L;,; and another source Ly is:

Ly = 10logy (10Ltomz/10 ok /10)

Given Lyotqr = 95 dB(A) and Lgpoper = 90 dB(A). Let Laymper be L.

Laumper = 101ogyg (1095/ 10 10%/ 10) = 101og;¢(10%° — 10°9)
Laumper = 1010g0(316227766 — 100000000) = 10log,((216227766)

Laumper = 10 x 8.3349 ~ 93.35 dB(A)

Rounding to two decimals gives 93.35 dB(A).
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9 Quick Tip

When adding/subtracting dB levels, remember the rules of thumb. Adding two equal
sources increases the level by 3 dB. If one source is 10 dB lower than another, it adds

almost nothing to the total. Here, the difference is 5 dB, so the unknown source must
be slightly higher than 90 dB.

31. The void ratio of an unconsolidated soil heap of volume 1000 m?® is 1.0. If the
soil heap is consolidated to a volume of 800 m®, the corresponding void ratio is
,,,,,, (round off up to 2 decimals)

Solution:

The key principle is that the volume of solid particles (V5) remains constant during consolida-
tion.

The relationship between total volume (V), volume of solids (V5), and void ratio (e) is V' =
Vs(1+e).

Initial state: V3 = 1000 m3, e; = 1.0.

Calculate Vs: 1000 = Vi(1 + 1.0) = 1000 = 2V, = V5 = 500 m>.

Final state: V5 = 800 m3, Vi = 500 m®. We need to find es.

Use the formula again for the final state: Vo = V(1 + e2).

800 = 500(1 + e2).

B0 =1+e = 1.6=1+en.

eo =1.6—1=0.6

Rounding to two decimals gives 0.60.

@ Quick Tip

In soil consolidation problems, always start by calculating the volume of solids (Vj),
as it is the only component that does not change. Then use Vs to find the unknown
property in the final state.

32. For a circular path of radius 300 m, the super elevation is restricted to 0.1 m
for a width of 1.6 m. The maximum speed, in m/s, of vehicle to avoid overturn is
,,,,,, (round off up to 2 decimals)

Solution:

Superelevation (e) is the banking of a road, expressed as a rate (tan).

Superelevation height (E) — 0.1m __
Width of road (W) — 1.6m — 0-0625.

The condition to avoid overturn without relying on friction is that the component of gravity

provides the necessary centripetal force.
2

The governing equation is e = ;T%'

e =
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Where v is the vehicle speed, g is acceleration due to gravity (=~ 9.81 m/s?), and R is the radius.
We need to solve for v: v =+/e-g- R.

v = 4/0.0625 x 9.81 x 300.

v = /183.9375 ~ 13.562 m/s.

Rounding to two decimal places, the maximum speed is 13.56 m/s.

9 Quick Tip

The fundamental equation for motion on a banked curve is e + f = v2/(gR), where f’
is the coefficient of side friction. When a question asks for speed to ”avoid overturn” or
for ”design speed”, it often implies the case where friction is ignored (f=0).

33. A scanline survey between points A and B of a rock mass is shown. Consider
RQD = 100 x (0.1A 4+ 1) x exp(—0.1\), where, A is the frequency of discontinuity per

m. The RQD of the rock massis ______ (round off up to 2 decimals)
A o B
Solution:

First, we must determine the discontinuity frequency (A) from the scanline survey.
The length of the scanline AB is given as 2 m.

By counting the number of joints intersecting the line in the image, we find there are 8 discon-
tinuities.

Frequency A = Nunﬁl;irgtolf g%sgg;ﬁﬁl‘gﬁes = % = 4 joints/m.

Now, substitute A = 4 into the given empirical formula for RQD.

RQD = 100 x (0.1(4) + 1) x exp(—0.1(4)).

RQD = 100 x (0.4 + 1) x exp(—0.4).

RQD = 100 x 1.4 x 0.67032.

RQD = 140 x 0.67032 =~ 93.8448.

Rounding to two decimal places, the RQD is 93.84.

@ Quick Tip

RQD can be calculated in two main ways: from core recovery (sum of pieces ; 10cm
/ total length) or from discontinuity frequency (\). This question uses an empirical
formula based on the latter. Ensure you correctly calculate A from the provided data
first.
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34. In a VCR stope, blast holes of 165 mm diameter are drilled. For the blast hole
to behave as a spherical charge, the maximum charge length, in m, is ______ (round
off up to 2 decimals)

Solution:

A cylindrical charge in a blasthole is considered to behave as a ”spherical charge” for practical
purposes when its length is short relative to its diameter.

This ensures that the shock wave propagates more uniformly, similar to a point source.

The commonly accepted rule of thumb in blasting engineering is that the charge length (L)
should be no more than six times its diameter (d).

Lz < 6d.

Given the diameter d = 165 mm = 0.165 m.

Lipaz = 6 x 0.165 m.

Lipaz = 0.99 m.

Rounding to two decimals gives 0.99 m.

@ Quick Tip

For blasting calculations, remember key rules of thumb. A charge is ”spherical” if L <
6d. A charge is "cylindrical” if L ; 6d. This distinction affects how rock fragmentation
and ground vibration are modeled.

35. A rectangular development heading of dimension 3 m X 2.8 m is to be blasted
with holes of 2.4 m in length. If the pull factor is 0.95 and swell factor is 1.20, the
volume of blasted rock per round, in m%, is ______ (round off up to 2 decimals)

Solution:

First, calculate the theoretical in-situ volume of rock to be broken.

Volume = Face Area x Drilled Length = (3 m x 2.8 m) x 24 m = 8.4 m? x 24 m = 20.16
m3.

The pull factor (or pull efficiency) gives the actual length of advance achieved.

Actual in-situ volume broken = Theoretical Volume x Pull Factor.

Vin—situ = 20.16 m® x 0.95 = 19.152 m3.

The swell factor accounts for the increase in volume of the rock after it is broken (the muckpile).
Volume of blasted rock = Actual in-situ volume x Swell Factor.

Vitasted = 19.152 m3 x 1.20 = 22.9824 m?.

Rounding to two decimal places gives 22.98 m3.
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9 Quick Tip

Distinguish between in-situ volume and blasted volume. In-situ volume is affected by
the pull factor (how much of the drilled depth actually breaks). Blasted (muckpile)
volume is the in-situ broken volume multiplied by the swell factor.

36. Data from two production faces of an open pit iron ore mine are given. Ores
from two different faces are blended and supplied with Fe grade not less than 60%.
Based on the demand, the combined production is limited to a maximum of 2500
tonne/day. If the selling price of blended iron ores is INR 4500 /tonne, the optimal
production from two faces in tonne/day, for maximizing the profit, respectively are

Item description | Face 1 Face 2
Maximum production capacity (tonne/day) | 1600 2000
Fe (%) 63 58

Production cost of ores (in INR/tonne) 1500 1200

(A) 1000.0 and 1500.0
(B) 1333.3 and 1166.7
(C) 1600.0 and 900.0
(D) 500.0 and 2000.0

Correct Answer: (A) 1000.0 and 1500.0

Solution:

Let 1 and x2 be the tonnage from Face 1 and Face 2.

Profit: P; = 4500 — 1500 = 3000, P>, = 4500 — 1200 = 3300. Maximize Z = 3000xz; 4+ 3300x>.
Constraints:

1. Capacity: 0 < 1 <1600, 0 < xo < 2000.

2. Total Production: x1 + x9 < 2500.

3. Grade: B8 > 60 —> 6311 + 582 > 601 + 6002 => 321 > 202,

We test the vertices of the feasible region. The intersection of x1 + xo = 2500 and 3z = 2x9
is key.

Substituting z1 = 2/3x9 into the sum gives 2/3x2 + x9 = 2500 = 5/3x2 = 2500 = x93 =
1500. Then x; = 1000. This point (1000, 1500) is feasible and is option (A).

Profit at (1000, 1500): Z = 3000(1000) 4+ 3300(1500) = 3,000, 000 + 4, 950, 000 = 7, 950, 000.
Checking another vertex like (1600, 900): Z = 3000(1600) + 3300(900) = 4.8M + 2.97TM =
7,770,000. Profit is lower.

The maximum profit occurs at (1000, 1500).

9 Quick Tip

In Linear Programming, the optimal solution for a maximization problem will always
lie at one of the vertices (corner points) of the feasible region defined by the con-
straints. The quickest way to solve is often to identify the vertices and compare the
objective function values.
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37. Four identical districts of a mine are ventilated with a quantity of 3500 m®/min
at a fan drift pressure of 1.15 kPa. When one of the districts is sealed off, the
change in resultant resistance is 0.072 Ns?/m. If the fan is stopped, keeping a
district sealed, the quantity through the mine becomes 850 m®/min. The natural
ventilation pressure in Pa, is

Correct Answer: (B) 82.28

Solution:

Let R,, be main resistance and R; be district resistance. The 4 districts are in parallel.
Initial resistance Ry = Ry, + Ry/4. After sealing, R3 = Ry, + Ry/3.

Change in resistance AR = R3 — Ry = Ryq/3 — Ry/4 = Ry/12 = 0.072. Thus Ry = 0.864
Ns?/m.

Initial flow Q4 = 3500/60 = 58.33 m®/s. Pressure Py = 1150 Pa.

Py = R4Q421 — 1150 = (R, + 0.864/4) x 58.332 = 1150 = (R,, + 0.216) x 3402.7.

This gives R, +0.216 = 0.338 = R,;, = 0.122. So, R3 = 0.122 4 0.864/3 = 0.410.

With the fan stopped, flow is due to Natural Ventilation Pressure (NVP). The resistance is R3.
Flow Qnvp = 850/60 = 14.167 m3/s.

NVP = R3 x Q% p = 0.410 x (14.167)? = 0.410 x 200.7 ~ 82.28 Pa.

¢ Quick Tip

For complex ventilation network problems, break it down. Use the given data to solve
for the individual resistances (Ryain, Raistrict) first. Then, use those calculated resis-
tances to solve for the unknown in the final scenario (e.g., NVP).

1
38. Matrix A = |5 ,and B= A — AT, then B is
6

RN
W o= W

(A) symmetric.

(B) skew symmetric.
(C) diagonal.

(D) scalar.

Correct Answer: (B) skew symmetric.

Solution:

We are given the matrix B = A — AT. We need to determine its properties.
Let’s find the transpose of B, which is BT.

BT = (A - ATT,

Using the property of transpose (X — Y)?T = XT — YT we get:
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BT = AT — (ATHT,

Using the property (X7)7 = X, we get:

BT = AT — A.

Factoring out -1 gives: BT = —(A — AT).

Since B = A — AT, we have BT = —B.

By definition, a matrix is skew-symmetric if its transpose is equal to its negative. Therefore, B
is skew-symmetric.

@ Quick Tip

For any square matrix A, the matrix A + AT is always symmetric, and the matrix A —
AT is always skew-symmetric. This is a standard property and allows you to solve the
problem without any calculation.

39. The roof convergence data for 30 days at a monitoring station in a coal mine
gallery is given. The management decides on a Trigger Action Response Plan
(TARP) if the following two premises occur simultaneously. Premise 1: Rate of
convergence exceeds 1.5 mm/day between two consecutive measurements. Premise
2: Rate of cumulative increase in convergence exceeds 1.0 mm/day. Identify the
day on which TARP is enforced in that gallery.

Day Convergence reading (mm)
0 ]
5 4.7
10 11.3
|6 19.6
22 28.8
30 34.8
(A) 10
(B) 16
(C) 22
(D) 30

Correct Answer: (C) 22

Solution:

We must check the two TARP premises at each measurement day after the first.
Check Day 16: Rate(10-16) = % = % ~ 1.38 mm/day. (Premise 1 fails).
Check Day 22:

Premise 1: Rate(16-22) = 23136 — 92 ~ 1 53 mm/day. This is ; 1.5. (Premise 1 is TRUE).

Premise 2: Cumulative rate at Day 22 = TOt?Flogflanf:nce = % ~ 1.31 mm/day. This is ; 1.0.
(Premise 2 is TRUE).
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Since both premises are true for the measurement taken on Day 22, the TARP is enforced on
this day.

Check Day 30: Rate(22-30) = 243=288 — 60 — (.75 mm/day. (Premise 1 fails).

9 Quick Tip

In TARP problems, be methodical. Go through the data chronologically and check all
conditions at each step. Remember that for a TARP to be triggered, all specified con-
ditions must be met simultaneously.

40. Magnitude of error in the determination of the integral, [ = flg(x?’ + 6)dz, using
Simpson’s 1/3 rule, taking step length as 1.0 is

— — —
O = = O
o O O

A
B
C
D

e N R

Correct Answer: (A) 0

Solution:

Simpson’s 1/3 rule is a numerical integration method that approximates the function with a
series of quadratic polynomials (parabolas).

A key property of this rule is that it provides an exact result for any polynomial of degree 3 or
less.

The error term for Simpson’s 1/3 rule is proportional to the fourth derivative of the function.
The function to be integrated is f(x) = 2 + 6, which is a cubic polynomial.

Let’s find the fourth derivative, f®*(z).

f'(z) = 322
f"(z) = 6x.
" (x) =6.
fW(z) =0

Since the fourth derivative is zero, the error in Simpson’s 1/3 rule for this integral is zero. The
method will yield the exact answer.

Q Quick Tip

Before performing complex calculations for numerical methods, check for simplifying
properties. Simpson’s 1/3 rule is exact for polynomials up to degree 3, and the Trape-
zoidal rule is exact for polynomials up to degree 1.
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41. In a closed traverse, ABC, the bearings of two lines AB and BC are given. The
length, in m and bearing of line CA, in degree, respectively, are

Line | Length (m) Bearing
AB 100 90°
BC 120 150"

(A) 190.7 and 303°
(B) 190.7 and 240°
(C) 160.3 and 240°
(D) 160.3 and 303°

Correct Answer: (A) 190.7 and 303°

Solution:

First, calculate the latitude (L) and departure (D) for the known lines AB and BC. Latitude
= Length X cos(Bearing), Departure = Length X sin(Bearing).

For line AB: L = 100 cos(90°) = 0. D = 100sin(90°) = +100.

For line BC: L = 120 cos(150°) = —103.92. D = 120sin(150°) = +60.

For a closed traverse, the sum of latitudes and departures must be zero.
YL=Lsp+Lgc+Lca=0 = 0—-103.92+ Loy =0 = Lga = +103.92 m.

XD =Dap+Dpc+Dca=0 = 100+60+ Dgag =0 = Dcyg = —160 m.

Length of CA = \/LZ , + D2, = 1/103.922 + (—160)2 = /10800 + 25600 = /36400 ~ 190.79
m.

Bearing of CA: Tan(f) = |Dca/Lcal = | —160/103.92| = 1.5396. Reduced Bearing 6 ~ 57°.
Since Latitude is positive and Departure is negative, the line is in the NW (4th) quadrant.
Whole Circle Bearing = 360° — 57° = 303°.

9 Quick Tip

For closed traverse calculations, remember the fundamental rule: the algebraic sum of
latitudes and the algebraic sum of departures must both equal zero. This allows you to
find the properties of the closing line.

42. Match the method of mining with orebody geometry, orebody strength and
type of supports.

Geometry Strength Support Method

P. Tabular & L. Strong X. Unsupported 1. Cut and Fill
Moderately Steep |\ nroderate | Y. Artificially 2. Block Caving
Q. Tabular &/Hlat N. Weak Supported 3. Room and Pillar
R. Massive and Steep Z. Self-supported

(A) PoL—>Y—-3; Q-N—-Z—1; R-M—X—2
(B) PoM—Y—2; Q»N—-Z—1; R5L—>X—3
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(C) P5L—=Y—2; Q-M—Z—3; R N—-X—1
(D) PoM—-Y—1; Q»L—Z—3; R-N—-X—2

Correct Answer: (D) P-M—Y—1; Q—L—7Z—3; R-N—-X—2

Solution:

Let’s analyze each orebody type to find the appropriate mining method and characteristics.
P. Tabular Moderately Steep: This geometry is suitable for methods that work along
the orebody dip, often requiring backfill for support. Cut and Fill (1) is a classic example,
which uses artificial support (Y) and is suitable for moderate strength orebodies (M). So,
P—-M—Y—1.

Q. Tabular Flat: This geometry is ideal for Room and Pillar mining (3), where parts of the
orebody are left as pillars for self-support (Z). This requires a strong (L) orebody to ensure
pillar stability. So, Q—L—Z—3.

R. Massive and Steep: This geometry, especially when the orebody is weak (N), is suited
for large-scale caving methods like Block Caving (2). This method relies on gravity to cave the
ore, hence it is considered unsupported (X). So, R=N—X—2.

The combination P-M—Y—1, Q—L—Z—3, and R—N—X—2 matches option (D).

@ Quick Tip

When matching mining methods, create logical links: Flat Strong Ore -; Room Pillar
(Self-supported). Steep Moderate Ore -;, Cut Fill (Artificially supported). Massive
Weak Ore -; Block Caving (Unsupported/Caving).

43. Vectors a = 2i + 3j — 4k and b = 4i + 2j + 3k represent the two adjacent sides of
a triangle. The magnitude of the area of the triangle and the unit vector perpen-
dicular to both a and b respectively, are

(A) 28.93 and 0.58i — 0.76j — 0.27k
(B) 28.93 and 17.0i — 22.0j — 8.0k
(C) 14.46 and 0.581 — 0.76j — 0.27k
(D) 14.46 and 17.0i — 22.0j — 8.0k

Correct Answer: (C) 14.46 and 0.58i — 0.76j — 0.27k

Solution:
First, find the cross product a x b, which gives a vector perpendicular to the plane of the
triangle.

i j k
axb=|2 3 —4] =i(9—(=8)) —j(6 — (=16)) + k(4 — 12) = 17i — 22j — 8k.
4 2 3

The magnitude of the area of the parallelogram formed by a and b is |a x b|. The triangle’s
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area is half of this.
lax b|= \/172 + (—22)2 + (—8)2 = /289 + 484 + 64 = /837 ~ 28.93.
Area of triangle = 3|a x b| = 223 ~ 14.46.

The unit vector perpendicular to both a and b is Eia.
. _17i-22j-8k 17 . 22 . 8
Unit vector = =355~ = 530531 — 35.03) — mo3K-

Unit vector ~ 0.588i — 0.760j — 0.276k.
This matches the values in option (C).

@ Quick Tip

Remember that the magnitude of the cross product |a x b| gives the area of the paral-
lelogram, not the triangle. Always divide by two for the triangle’s area.

44. Water is pumped from a mine sump at the rate of 300 m®/hr to an inverted
conical water tank, as shown. The rate of rise in water level in m/min, at the
instant water level reaches at 5 m height from bottom of the tank, is ______ (round
off up to 2 decimals)

15 m

h=5m
o s

- .. - O S .

Inverted conical water storage tank

Solution:
Let V be the volume of water, h be the height, and r be the radius at height h. The volume of

aconeis V = %71’7“2]1.

From the tank dimensions (Total Height H=15m, Total Radius R=5m), we establish a rela-

tionship between r and h using similar triangles: 7 = % 5 — %, SO = %

15
h3

) . ) 1 Y 2 .
Substitute r into the volume formula: V = 37 (§) h = e -

>

We need to find %. Differentiate V with respect to time t: = a o G = 9 di-
The pumping rate is % = 300%1—5 = 300m® _ rﬁl—;

60 min
We need to find % when h = 5 m.

v _ d (TrhS) _ 3xh*dh _ xh*dh
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_m0)dh __ 5 _ 25mdh
2h_ S0™ o
J— X — Y~ 1
U= 3> = 5=~ 0.5729 m/min.

Rounding to 2 decimals gives 0.57.

@ Quick Tip

In related rates problems involving geometric shapes, the first step is to find an equa-
tion that relates the variables (e.g., V and h). Then, use the chain rule to differentiate
the entire equation with respect to time (t) before substituting the instantaneous val-
ues.

45. A thermal power plant has an agreement with three mines M1, M2 and M3 to
receive ’Grade 1’ coal, in the proportion of 60%, 25% and 15%, respectively. The
probabilities that a wagon supplied coal to the plant containing below 'Grade 1’
from mines M1, M2 and M3 are 0.02, 0.03 and 0.04, respectively. On a random
check, a sample wagon is found to carry below ‘Grade 1’ coal. The probability that
the wagon belongs to mine M1, is ______ (round off up to 2 decimals)

Solution:

This is a conditional probability problem requiring Bayes’ theorem.

Let M1, M2, M3 be the events the wagon is from the respective mines. P(M1)=0.60, P(M2)=0.25,
P(M3)=0.15.

Let B be the event the coal is "below Grade 17. We are given P(B—M1)=0.02, P(B—M2)=0.03,
P(B—M3)=0.04.

We want to find P(M1—B).

First, find the total probability of event B, P(B), using the law of total probability:

P(B) = P(B—M1)P(M1) + P(B—M2)P(M2) + P(B—M3)P(M3)

P(B) = (0.02)(0.60) + (0.03)(0.25) + (0.04)(0.15) = 0.0120 + 0.0075 + 0.0060 = 0.0255.
Now apply Bayes’ theorem: P(M1|B) = w.

P(M1|B) = 29120 ~ (.47058.

0.0255
Rounding to 2 decimals gives 0.47.

9 Quick Tip

Remember the structure of Bayes’ theorem: P(A|B) = %. The key is often

calculating the denominator, P(B), by summing up the probabilities of B occurring via
all possible paths.

46. A transportation system for carrying ore from stock pile to railway siding
through an ore bin is shown. The time between failure of each conveyor belt fol-
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lows an exponential distribution with mean time between failure of 700 hours. The
system is considered to be a ’success’ if ore transports from stock pile to siding by
any combination of belts. The reliability of the system for 350 hours of continuous
successful operation, is ______ (round off up to 2 decimals)

b

Belt 2

pett 3

Bayy 4

Solution:

The system consists of two subsystems in series: Subsystem 1 (Belts 1 2 in parallel) and Sub-
system 2 (Belts 3 4 in parallel).

First, calculate the reliability of a single belt for t=350 hours. For an exponential distribution,
Reliability R(t) = e .

Given MTBF = 1/X = 700 hours, so A = 1/700 per hour.

Reliability of one belt, Ry = e~ (1/T00)x350 — =05 ~ ().6065.

Reliability of a parallel subsystem with two identical components is Rpy,rqier = 1 — (1 — Rperr)?.
Rg1 = Rgo =1 — (1 —0.6065)? = 1 — (0.3935)? = 1 — 0.1548 = 0.8452.

The total system reliability is the product of the series components’ reliabilities: Rgystem =
Rg1 X Rga.

Rgystem = 0.8452 x 0.8452 ~ 0.7143.

Rounding to 2 decimals gives 0.71.

9 Quick Tip

For system reliability, break the system into simple series and parallel blocks. Calculate
the reliability of each block first, then combine them. Reliability of series components
multiplies. For parallel, use 1 — [[(1 — R;).

47. Polluted air with particulate matters of diameter 50 pm enter with a horizontal
velocity of 1.0 m/s at a height of 0.5 m from the bottom of a dry settling chamber.
The density of the particle is 2000 kg/m?® and dynamic viscosity of the air is 1.8 x
10 kg/m-s. Assume streamline flow and the density of air is negligible as compared
to particles and uniform horizontal velocity of 1.0 m/s of gas and particles within
the chamber. Considering particle settling follows Stoke’s law, the minimum length
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in m, of the chamber required for settling of the particle at its bottom, is ______
(round off up to 2 decimals)

Solution:

First, calculate the terminal settling velocity (vs) of the particle using Stoke’s Law: vy =

94> (pp—py)
18u :

Given: d = 50 pm = 50 x 1076 m, pp = 2000 kg/m?®, py =~ 0, p=1.8 x 1075 kg/m-s, g = 9.81
m/s>.

_ 9:81x(50x107%)%x2000 _ 9.81x2500x10~*2x2000 _ 0.04905 .
Us = 18%x1.8x10° - 32.4x10-5 = 0.000324 ~ 0.1514 m/s.
0.5

The time required for the particle to fall the height H = 0.5 m is t 74y = f—s = o151z ~ 3.3025 s.
For the particle to be captured, it must remain in the chamber for at least this time.

The minimum length of the chamber (L) is the horizontal distance it travels in this time.

L = vy, X tyqy, where horizontal velocity v, = 1.0 m/s.

L =1.0 x 3.3025 = 3.3025 m.

Rounding to 2 decimals gives 3.30 m.

(Note: a common calculation error is 0.01514 m/s, which gives 33.0 m. Let’s re-calculate:
(9.812500e-122000)/ (181.8e-5) = 0.04905/0.000324 = 151.38. Wait, I made a mistake. (9.81
(50e-6)22000) = 4.905e¢ — 5.And181.8¢ — 5 = 3.24e — 4.Sovs = 4.905¢ — 5/3.24e — 4 =
0.1514m/s.Originalcalculationwascorrect.)

9 Quick Tip

In particle settling problems, the logic is always: 1. Calculate the settling velocity (vs).
2. Calculate the time required to fall the given height (¢ = H/vs). 3. Calculate the
horizontal distance traveled in that time (L = vy, X t).

48. In a tacheometry survey, the readings observed are given. The additive and
multiplying constants of the instrument are 0 and 100, respectively. The length of

the line AB inm, is (round off up to 2 decimals)
Instrument Staff Bearing of Vertical angle | Staff
Station Station line of sight | readings (m)
P A 145° +8° 1 1.2,1.7,22
B 205° +3° 0.8,1.2 1.6
Solution:

We need to find the horizontal distances from the instrument at P to the staff stations A and
B, then use the cosine rule to find the length AB.

The horizontal distance formula is H = kS cos*(V) + ccos(V). Here k=100, ¢=0. So, H =
100S cos?(V).

For line PA: Staff intercept S4 = 2.2 — 1.2 = 1.0 m. Vertical angle V4 = +8°.

Hpa =100 x 1.0 x cos?(8°) = 100 x (0.99027)? ~ 98.06 m.

For line PB: Staff intercept Sp = 1.6 — 0.8 = 0.8 m. Vertical angle Vg = +3°.

Hpp =100 x 0.8 x cos?(3°) = 80 x (0.99863)? ~ 79.78 m.

The horizontal angle between PA and PB is the difference in their bearings: 6 = 205° — 145° =
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60°.

Using the Cosine Rule in triangle PAB: AB? = H% , + H%5 — 2(Hpa)(Hppg) cos(f).

AB? = (98.06)% + (79.78)% — 2(98.06)(79.78) cos(60°) = 9615.76 + 6364.85 — 2(7823.15)(0.5) =
8157.46.

AB = v/8157.46 ~ 90.32 m.

9 Quick Tip

For tacheometry problems involving finding the distance between two staff points, the
process is: 1. Calculate horizontal distance to each point from the instrument. 2. Find
the horizontal angle between the lines of sight. 3. Use the cosine rule.

49. The data obtained from an air sample analysis of an old working in a coal
mine are given. O 17.15%, CO 3.40%, CH 2.20%, and N 77.25%. Considering
atmospheric air contains O 20.95%, CO 0.03%, and N 79.02%, the percentage of
blackdamp in the old working, is ______ (round off up to 2 decimals)

Solution:

Blackdamp is the mixture of excess nitrogen and excess carbon dioxide that results from pro-
cesses that consume oxygen.

The calculation is based on the assumption that all nitrogen in the sample originated from
atmospheric air.

Step 1: Find the amount of oxygen that was originally present with the nitrogen in the sample.
Original O = (Sample N %) x (Atmospheric O % / Atmospheric N %) = 77.25x(20.95/79.02) ~
20.49%.

Step 2: Calculate the oxygen deficiency.

O deficiency = Original O % - Sample O % = 20.49 — 17.15 = 3.34%.

Step 3: Calculate the excess CO.

Original CO = 77.25 x (0.03/79.02) ~ 0.03%. Excess CO = Sample CO % - Original CO % =
3.40 — 0.03 = 3.37%.

Step 4: The percentage of blackdamp is the sum of the oxygen that was removed (and replaced
by other gases) and the excess CO that was added. A common definition is that blackdamp
fills the volume of the O deficiency.

Blackdamp % = O deficiency + Excess CO = 3.34 + 3.37 = 6.71%. This is not the standard
way.

A better method: Calculate the volume of air from which the sample was derived. Volume
= 100 (77.25/79.02) = 97.76. The volume contraction is 100-97.76 = 2.24. Blackdamp is the
oxygen deficiency.

Let’s use the simplest definition: Blackdamp = Excess N + Excess CO.

O associated with sample N is 20.49Excess N = 77.25% - 64.65% = 12.60%.

Excess CO = 3.40% - 0.03% = 3.37%.

Blackdamp % = Excess N + Excess CO = 12.60 + 3.37 = 15.97%.

Rounding to 2 decimals gives 15.97.
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@ Quick Tip

Calculations of mine gases like blackdamp and firedamp can be complex. The most re-
liable method is often based on calculating the ”excess nitrogen” by finding how much
N should be present to match the O content if it were pure air, and subtracting that
from the measured N.

50. A rectangular face of 2.0 m x 2.5 m dimension is blasted with 20 kg explosive
in a 1000 m long drive. One kilogram of explosive produces 2200 cm?® of nitrous
fumes. The face is ventilated with a duct, located 10.0 m away from the face, to
dilute the fumes. The quantity of air, in m®/s to be circulated for reducing the
concentration of nitrous fumes to 5 ppm within a period of 5 minutes, is ______
(round off up to 2 decimals)

Solution:

This problem requires applying the given formula for dilution time.

t= 2.303% log o+ % We need to solve for Q.

First, list the variables: t = 5 min = 300 s. Face Area = 2.0 x 2.5 = 5 m2.
V (total volume) = Area x Length = 5 x 1000 = 5000 m3.

Vi (mixing volume) = Area x Duct distance = 5 x 10 = 50 m3.

q (fume volume) = 20 kg x 2200 cm®/kg = 44000 cm® = 0.044 m3.

¢ (concentration) = 5 ppm = 5 x 107°.

Rearrange the formula to solve for Q: Q) = % [2.303Vm log % + (V- Vm)}.

Calculate the term inside the log: % = 5x10(')%4x50 = 2.g%0f§,4 = 176.

Substitute all values: @ = 535 [2.303 x 50 x log(176) + (5000 — 50)].

Q = 55 [115.15 x 2.2455 + 4950] = 555[258.59 + 4950] = 2259 ~ 17.36 m?/s.

9 Quick Tip

For complex formula-based problems, the main challenge is correctly identifying and
converting all the input variables to consistent units before plugging them into the
equation. Write down each variable and its value in base SI units first.

51. Data for a centrifugal pump discharging water from a sump to the surface are
given. The annual electrical power consumption in GWh, due to pumping opera-
tion, is ______ (round off up to 2 decimals)

Solution:
Step 1: Calculate the hydraulic power (Py,) required. P, = vQH.
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Given: Specific weight v = 10.20 kN/m® = 10200 N/m?. Discharge rate Q = 320 m3/hr =
320/3600 m?3/s. Head H = 180 m.

P, = 10200 x (320/3600) x 180 = 163200 W = 163.2 kW.

Step 2: Calculate the electrical power (P,) consumed. P, = P, /n, where 7 is efficiency.
P, =163.2 kW/0.70 ~ 233.14 kW.

Step 3: Calculate total annual operating hours.

Hours = (270 days x 14 hr/day) + (95 days x 20 hr/day) = 3780 + 1900 = 5680 hours.
Step 4: Calculate annual energy consumption in kWh.

Energy (kWh) = P, x Hours = 233.14 x 5680 = 1,324, 235.2 kWh.

Step 5: Convert to GWh. 1 GWh = 105 kWh.

Energy (GWh) = 1,324, 235.2/1,000, 000 ~ 1.324 GWh.

Rounding to 2 decimals gives 1.32 GWh.

9 Quick Tip

Power and energy calculations require careful unit management. Hydraulic Power
(Watts) = Pressure (Pa) x Flow Rate (m®/s) or Specific Weight (N/m?) x Q x H.
Remember to convert the final energy from kWh to GWh as requested.

52. The root of the function, f(z) = 222 4 3z-1 in the interval [0, 1] using bisection
method after two iterations, is ______ (round off up to 2 decimals)

Solution:

The bisection method finds a root by repeatedly bisecting an interval and selecting the subin-
terval in which the root must lie.

The initial interval is [a, b] = [0, 1]. We check f(0) = —1 and f(1) = 1. Since they have
opposite signs, a root exists.

Iteration 1:

The first estimate of the root is the midpoint ¢; = (a +b)/2 = (0+1)/2 = 0.5.

f(c1) = £(0.5) = (0.5)3 — 2(0.5)2 + 3(0.5) — 1 = 0.125 — 0.5 + 1.5 — 1 = 0.125.

Since f(0.5) is positive and f(0) is negative, the root lies in the new interval [0, 0.5].
Iteration 2:

The second estimate of the root is the midpoint of the new interval: ¢o = (04 0.5)/2 = 0.25.
The question asks for the value of the root after two iterations, which is the value of cs.

So, the estimated root is 0.25.

@ Quick Tip

For the bisection method, ”the root after N iterations” refers to the Nth calculated
midpoint (cy). The process is simple: find the midpoint, evaluate the function, and
choose the half-interval where the function changes sign.
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53. A Bord and Pillar panel is developed at a depth of 250 m in a flat coal seam.
The vertical stress gradient is 0.027 MPa/m. If the strength of a square pillar is
12.5 MPa, the extraction ratio of the pillar for a safety factor of 1.5,is ______ (round
off up to 2 decimals)

Solution:

Step 1: Calculate the in-situ vertical stress (oy).

oy = Depth x Stress Gradient = 250 m x 0.027 MPa/m = 6.75 MPa.

Step 2: Calculate the allowable stress on the pillar (o},) using the factor of safety (FS).

FS = Pillar Strength / Pillar Stress = o0, = Pillar Strength/FS = 12.5 MPa/1.5 = 8.333
MPa.

Step 3: Apply the tributary area theory to relate pillar stress to the extraction ratio (e).

op = 1%
Step 4: Solve for the extraction ratio (e).

_ oy _ 6.75
1—6—%—m~081
e=1-0.81=0.19.

Rounding to 2 decimals gives 0.19.

¢ Quick Tip

The core formula for pillar stress based on the tributary area theory is o,
Ovirgin X (Total Area/Pillar Area). The ratio (Pillar Area / Total Area) is equal to
(1 - extraction ratio).

54. A Mohr-Coulomb envelop between shear stress, 7 and normal stress, o, of a
sandstone rock is given as 7 = 7.5 + 0.840,, (unit of stresses is MPa). A sandstone
sample is tested in triaxial mode with confining pressure of 5.0 MPa. The value of
the shear stress, 7 in MPa at the failure, is ______ (round off up to 2 decimals)

Solution:

From the failure envelope 7 = ¢+ o, tan ¢, we identify cohesion ¢ = 7.5 MPa and tan ¢ = 0.84.
The friction angle ¢ = arctan(0.84) ~ 40.03°. .

In a triaxial test, the principal stresses at failure are related by: o1 = o3 ﬁ:ﬁi + %C_Z(frslf;
Given o3 = 5.0 MPa, sin(40.03°) =~ 0.6432, cos(40.03°) ~ 0.7657.

o =5 (56482) | 2TAOTOD _ 5(4.605) + 32.19 ~ 23.03 + 32.19 = 55.22 MPa.

0.3568 0.3568
The shear stress on the failure plane can be found from the radius of the Mohr circle and the

friction angle.

Radius of Mohr circle = 74 = 572 = 55'222_5 = 25.11 MPa.

The shear stress on the failure plane is 7¢ = Tyqq cOS @.
Tf = 25.11 x cos(40.03°) = 25.11 x 0.7657 =~ 19.23 MPa.
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9 Quick Tip

Once you find the major (01) and minor (o3) principal stresses at failure, the radius of
the Mohr circle is (o7 — 03)/2, which represents the maximum shear stress. The shear
stress on the failure plane itself is this radius multiplied by cos ¢.

55. A circular tunnel is constructed at a depth of 100 m. The average unit weight
of overburden rock is 27.0 kN/m?3. If the tangential stress measured at point A
located at the horizontal boundary of the tunnel as shown, is 5.0 MPa, the tan-
gential stress at point B in MPa, is ______ (round off up to 2 decimals)

Solution:

First, calculate the in-situ vertical stress o, = vh = 27.0 kN/m® x 100 m = 2700 kPa = 2.7
MPa.

The tangential stress (op) at the boundary of a circular tunnel is given by Kirsch’s equation:
o9 = oy[(k+ 1) — 2(k — 1) cos(20)], where k = o1, /0.

Point A is at the horizontal boundary (sidewall), where § = 90°. So, cos(26) = cos(180°) = —1.
ooa = opl(k+1) = 2(k —1)(=1)] = ou[k + 1+ 2k — 2] = 0,,(3k — 1).

Given ogq = 5.0 MPa and o, = 2.7 MPa. 5.0 =273k — 1) = 3k—1=1.8518 = Lk~
0.9506.

Point B is at the vertical boundary (crown), where § = 0°. So, cos(260) = cos(0°) = 1.

opp =ou[(k+1) =2k —1)(1)] = oy[k +1 =2k + 2] = 0,(3 — k).

ogp = 2.7(3 — 0.9506) = 2.7(2.0494) ~ 5.533 MPa.

Rounding to 2 decimals gives 5.53.
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9 Quick Tip

Memorize the simplified Kirsch equations for the crown/floor (o9 = 0,(3 — k)) and the
sidewalls (09 = 0,(3k — 1)) of a circular tunnel. These are frequently tested special
cases.

56. A mine worker weighing (W) 600 N lifts an object of 100 N as shown. The
50% body weight is applied downward through point A and a force F is produced
parallel to x axis by the contraction of erector spinae muscle during lifting. The
lumber disc, L (shown by red box) acts as a smooth hinge and keeps the upper
body in static equilibrium. Ignore all other forces in the body. The magnitude of
the resultant of the reaction forces, in N at the lumber disc, is ______ (round off up
to 2 decimals)

100 N

Solution:

This is a static equilibrium problem. We sum the moments about the pivot L to find the muscle
force Fp. Let L be the origin (0,0).

The diagram is complex. A simplified interpretation for biomechanics problems is to treat the
back as a lever arm. Let’s assume the back is tilted 55° from horizontal.

Let’s define a coordinate system tilted along the back, with L at the origin. x’-axis along the
spine.
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The weight forces (0.5W = 300N, Object = 100N) act vertically, so their components perpen-
dicular to the lever arm create moments. Perpendicular component = Force X sin(55°).

Sum of moments about L = 0: Mg, + Mysw + Migony = 0. (Clockwise as negative)

Fr x (5 cm) — (300sin(55°)) x (25 cm) — (100sin(55°)) x (40 cm) = 0.

5Fp = 25(300 x 0.819) + 40(100 x 0.819) = 6143.6 + 3276.6 = 9420.2. Fg ~ 1884 N.

Sum of forces in x’-dir: R, — Fg—300 cos(55°) —100 cos(55°) = 0 = Ry = 1884+ 172+57 =
2113 N.

Sum of forces in y’-dir: R, — 300sin(55°) — 100sin(55°) = 0 = Ry = 245.7 + 81.9 = 327.6
N.

Resultant Reaction Force R = 4/ R2, + R, = v2113% 4 327.6% = /4464769 + 107321 ~ 2138.3

N.
Rounding to 2 decimals gives 2138.30 N.

9 Quick Tip

In biomechanics statics problems, it’s often easiest to define a coordinate system
aligned with the main lever arm (like the back). Then, resolve all external forces (like
gravity) into components parallel and perpendicular to this system before summing
forces and moments.

57. A solid ball of mass 10 kg is subjected to forces as shown. The magnitude of

the acceleration in m/s?, is ______ (round off up to 2 decimals)
M
100N
45° 100 N
Solution:

We use Newton’s Second Law, ﬁnet = ma. First, find the net force vector by summing the
component vectors of the applied forces.

Let the East direction be the positive x-axis and the North direction be the positive y-axis.
Force 1: Fy =100 N, North = F; = 0i + 100j.

Force 2: Fy =100 N at 45° (NE direction).

Fy = (100 cos 45°)i + (100 sin 45°)j = (100/+/2)i + (100//2)j ~ 70.71i 4 70.71j.

Net Force: Frer = Fi + Fy = (0+ 70.71)i + (100 4 70.71)j = 70.71i + 170.71j.

Magnitude of Net Force: |ﬁnet| = /70.712 + 170.712 = /5000 + 29142 = /34142 ~ 184.78 N.
Magnitude of acceleration: a = |Fye|/m = 184.78 N/10 kg = 18.478 m/s2.

Rounding to 2 decimals gives 18.48 m/s?.
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9 Quick Tip

When dealing with multiple vector forces, always break them down into their x and y
(or i and j) components first. Sum the components to find the net force vector, and
only then calculate the magnitude.

58. In an open pit mine, the mineral inventory, prices, costs and capacities are
given. The mine is operating at 5 million tonne in a year. Considering mining ca-
pacity being the only constraint, Lanes’ algorithm (based on profit maximization)
is used for determining mill cut-off grade. The total amount of copper produced
in million tonne, in the life of the pit, is ______ (round off up to 2 decimals)

Mineral inventory

Grade interval Tonnage (in million tonne)

0=Cu% =03 ]

03<Cut =04 5

0.4 <Cu%=10.5 5

0.5 =<Cu% =0.6 5
#I
5

0.6 =< Cu®% =0.7
0.7<Cu <058 3
0.8 < Cuti 0

Solution:

Lane’s algorithm requires finding the break-even cut-off grade where profit from processing is
7Z€ero.

Profit/tonne ore = Revenue/tonne ore - Processing Costs/tonne ore.

Revenue = (Selling Price/t metal) x Recovery x Grade = 650,000 x 1.0 x (g/100) = 6500g.
Processing Costs = Concentrating Cost + (Smelting Cost/t metal x Grade) = 3200+ 10000 x
(g/100) = 3200 + 100g.

Profit(g) = 6500g — (3200 4+ 100g) = 6400g — 3200.

Break-even grade g. is where Profit = 0: 6400g. — 3200 =0 — g. = 0.5% Cu.

Since mining capacity is the only constraint, all material with grade ; g, will be milled.

From the inventory, we mill the tonnage from grade intervals  0.5%: (0.5-0.6], (0.6-0.7], (0.7-
0.8].

Total ore milled = 5 MT + 5 MT 4 5 MT = 15 MT.

Total copper produced = ) (Tonnage x Avg. Grade). Assuming midpoint grades:

Cu Produced = 5 x (0.55/100) + 5 x (0.65/100) + 5 x (0.75/100) = 0.0275 + 0.0325 + 0.0375 =
0.0975 MT.

Rounding to 2 decimals gives 0.10 Million tonnes.
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9 Quick Tip

Lane’s algorithm fundamentally involves defining profit functions for mining and
milling. The simplest case, when one process (e.g., mining) is the bottleneck, involves
finding the break-even cut-off grade for the other process (milling) and processing all
material above that grade.

59. A longitudinal section of a mined out stope block in a copper mine is shown
by the shaded portion. For a uniform thickness of the stope block, the percentage
of ore recovery, is ______ (round off up to 2 decimals)
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Solution:

This problem asks for ore recovery within the stope block, which means we compare the mined
volume to the total volume of the block before mining, ignoring the main rib pillars between
stopes.

The geometry of the stope block is a large rectangle with unmined corners (crown/sill pillars).
Let’s assume the vertical walls are tangents to the corner quadrants. This implies the stope
width is Wy = 2R = 2 x 6.25 = 12.5 m. The stope height is H = 60 m.

The total volume of the stope block (ore in place before mining) is that of the enclosing rect-
angle: Viptar = Ws x H X t = 12.5 X 60 x t = 750t, where t is thickness.

The unmined volume consists of the four corner segments. The area of one corner segment is
the area of a square of side R minus the area of a circle quadrant of radius R.

Area of one unmined corner = R?— 17 R? = R?(1-7/4) = (6.25)%(1—7/4) ~ 39.0625(0.2146) ~
8.382 m?2.

Total unmined area = 4 x 8.382 = 33.528 m2. Unmined Volume = 33.528t¢.

Mined Volume = Total Volume - Unmined Volume = 750t — 33.528t = 716.472t.

Recovery % = Minedyolume 10 = 7164720 5 100 ~ 95.5296%.
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Rounding to 2 decimals gives 95.53%.

9 Quick Tip

In complex recovery problems, carefully define the "total volume” denominator. Here,
"recovery of the stope block” implies the denominator is the volume of the block itself
(mined + internal pillars), not including external pillars like the main rib pillars.

60. The real rate of return from a mining project is 14%. If the inflation rate over
the entire life of the mine is 5.5%, then the nominal rate of return in %, is ______
(round off up to 2 decimals)

Solution:

The relationship between the nominal rate of return (n), the real rate of return (r), and the
inflation rate (i) is given by the Fisher Equation.
(1+n)=04+7r)x(1+1).

We are given the real rate r = 14% = 0.14.

We are given the inflation rate i = 5.5% = 0.055.

Substitute the values into the equation:

14+n=(1+0.14) x (14 0.055) = 1.14 x 1.055.

14+ n =1.2027.

n = 1.2027 — 1 = 0.2027.

To express this as a percentage, multiply by 100: n = 20.27%.
Rounding to 2 decimals, the nominal rate of return is 20.27%.

Q Quick Tip

Don’t use the simple approximation n &~ r + i. Use the full Fisher Equation (1 4+ n) =
(14 r)(1+1) for accurate calculations, as is expected in competitive exams.

61. In an opencast coal mine, blast vibrations are measured at two locations, A
and B simultaneously for a maximum charge per delay (Q) of 1200 kg as given.

Location | Distance from the blast face, D (m) | PPV (mm/s)
A 100 L1595
B 300 20.3

—B
Assume the relation PPV = K [%] , where, K and [ are site constants. The

PPV in mm/s, at a distance of 200 m from the blast face, is ______ (round off up to
2 decimals)
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Solution:

The scaled distance (SD) is given by SD = D//Q. Given Q = 1200 kg, v/Q ~ 34.64.
For location A: D4 = 100 m, PPV = 112.5 mm/s. SD4 = 100/34.64 ~ 2.887.

For location B: Dp = 300 m, PPVp = 20.3 mm/s. SDp = 300/34.64 ~ 8.660.

We have two equations: 112.5 = K(2.887)~7 and 20.3 = K(8.660)".

Dividing the first by the second: % = (%)_ﬁ — 5.542 ~ (0.333) 7% ~ 3°.

Solving for g: = loiggéjz) ~ 1.559.

Substitute 3 back to find K: K = 112.5 x (2.887)19% a2 112.5 x 4.80 ~ 540.
Now, calculate PPV for D = 200 m: SDggy = 200/34.64 ~ 5.774.

PPVayy = 540 x (5.774)71559 = 540/(5.774'%%9) = 540/14.77 ~ 36.56 mm/s.

Rounding to 2 decimals gives 36.56.

9 Quick Tip

When you have two data points for a power-law relationship like the blast vibration
formula, taking the ratio of the two equations is an effective way to eliminate one con-
stant (K) and solve for the exponent () first.

62. A 35.0 kW motor transmits power to a pulley of 600 mm diameter, which
rotates at 400 rpm to drive a flat belt. The tension in the tight side is 2.5 times of
the slack side. Neglect all transmission losses. If the maximum allowable tension
is 8.0 N per mm of belt width, then the minimum width of the belt in mm, is ______
(round off up to 2 decimals)

Solution:
Step 1: Calculate the belt speed (v). v = %.

v = 0600 1) — g7~ 12.566 m /5.
Step 2: Use the power transmission formula P = (77 — T2)v to find the difference in tensions.
35000 W = (T — T3) x 12.566 m/s = 11 — T» ~ 2785.2 N.

Step 3: Solve the system of equations using the given tension ratio 77 = 2.575.

20Ty =Ty =2785.2 = 1.515 = 2785.2 = T ~ 1856.8 N.

Th = 2.5 x 1856.8 ~ 4642.0 N.

Step 4: Calculate the required belt width (w) based on the maximum tension (77).

- Max Tension (71) _ 4642.0N
W = ATlowable Tension per mm 8.0 N/mm ~ 580.25 mm.
9 Quick Tip

In belt drive problems, the process is usually: 1. Find belt velocity. 2. Use the power
formula to find the tension difference (77 — T%). 3. Use the tension ratio to solve for T}
and T5. 4. Design based on the maximum tension, 77.
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63. A 1.2 m diameter drum winding system is shown. One of the winding ropes
will be replaced for the manwinding cage. Considering the given conditions, the

minimum length, in m, of new winding rope is ______ (round off up to 2 decimals)
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Solution:
The minimum rope length is the sum of four components: operational length, dead wraps,
recapping allowance, and anchorage.
1. Operational Length: Length from drum to pulley (45.5 m) 4 length from pulley to bottom
landing (32 m + 215 m = 247 m). Total = 45.5 + 247 = 292.5 m.
2. Dead Wraps: At least 2 rounds must remain on the 1.2 m diameter drum. Length =
2x (mxd)=2x7mx12~754m.
3. Recapping Allowance: Life = 3.5 years = 42 months. Recap every 6 months. Number of
cuts = [42/6] —1 =7 — 1 =6 cuts. Length per cut = 2 m. Total allowance = 6 x 2 = 12 m.
4. Anchorage: The diagram shows 1 m of rope for anchorage.
Total Minimum Length = Operational + Dead Wraps + Recapping + Anchorage.
Total Length = 292.5 +7.54 + 12+ 1 = 313.04 m.
Rounding to 2 decimals gives 313.04.

Q Quick Tip

When calculating required winding rope length, always think in terms of the total de-
mand over the rope’s entire life. This includes the maximum suspended length, spare
wraps on the drum, and the total length that will be cut off during periodic recapping.

64. For a continuous miner (CM) panel, the following data are given. Assume,
unit weight of coal is 1.4 tonne/m?® and its swell factor is 1.2. Consider, 6 working
hours per shift. The non-working time in min, in working hours per shuttle car to
dispatch all coal cut by the CM, is ______ (round off up to 2 decimals)
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Solution:

This problem can be solved by comparing the total production capacity of the CM with the
total haulage capacity of the shuttle cars over the shift.

Step 1: Calculate the CM’s production rate.

Volume per cut = 5.0 x 3.0 x 0.6 = 9 m®. Mass per cut = 9 m3 x 1.4 t/m® = 12.6 tonnes.
Time per cut = 9 min. CM production rate = 12.6 t/9 min = 1.4 tonnes/min.

Step 2: Calculate total coal produced in the shift.

Shift duration = 6 hours = 360 min. Total coal = 1.4 t/min x 360 min = 504 tonnes.
Step 3: Calculate the total time the shuttle car system is busy.

Shuttle car capacity = 10 t x 0.9 = 9 tonnes. Number of trips = 504 t/9 t/trip = 56 trips.
Total busy time for the system = 56 trips X 6 min/trip = 336 car-minutes.

Step 4: Calculate the non-working time per car.

Total time available for the system = 2 cars x 360 min/car = 720 car-minutes.

Total non-working time for the system = 720 — 336 = 384 car-minutes.

Non-working time per shuttle car = 384/2 = 192 minutes.

9 Quick Tip

In machine synchronization problems with conflicting data, a robust approach is to an-
alyze the system over a longer period, like a full shift. Calculate the total output of the
bottleneck machine and then determine how much time the other machines would be
busy handling that output.

65. In a development coal face, 12 holes are drilled and charged with explosive.
Holes are initiated with electric delay detonators connected in series. The length of
a detonator lead wire is 1.5 m. The length of the blasting cable is 120 m. Data are
as given. The total resistance of the circuit in Q,is ______ (round off up to 2 decimals)

Solution:

The total resistance of a series blasting circuit is the sum of the resistances of all its compo-
nents.

1. Total Detonator Resistance: Number of detonators x Resistance per detonator.

Rgets =12 x 1480 = 17.76 Q).

2. Total Lead Wire Resistance: The lead wires connect the detonators to each other. Total
length = No. of dets x Length per det.

Rieaq = (12 x 1.5 m) x 0.04Q2/m = 18 m x 0.042/m = 0.72 €.

3. Total Blasting Cable Resistance: The cable connects the circuit to the exploder. It has two
wires (go and return).

Total cable length = 2 x 120 m = 240 m.

Reapie = 240 m x 0.009Q/m = 2.16 2.

4. Total Circuit Resistance: Ripra; = Raets + Riead + Reaple-

Riotar = 17.76 + 0.72 + 2.16 = 20.64 €.
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9 Quick Tip

For blasting circuit calculations, remember to include all three main components: the
detonators themselves, the short lead wires connecting them, and the long main blast-

ing cable. For the main cable, always double the given length to account for the com-
plete circuit path.
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