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ABSTRACT
The guiding principles pertinent to the design of
a main-line locomotive haulage- system in underground metal
mines are discussed in detail.

Factors governing a high

speed and high-capacity materials handling system are
examined with special emphasis on the economics of the
operation.
Equipment necessary for traek-haulage is briefly
'described-, and considerations for selecting appropriate
hauling equipment are investigated.

Comments are made on

the influence of mining conditions and road gradients oh
locomotive performance,
A

technique for estimating costs of owning and

operating rolling stock equipment is developed.

Haulage

costs of various equipment combinations for different cycle
times and under different haul road grades are illustrated
by means of characteristic curves.
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CHAPTER I
INTRODUCTION
Transportation of raw mineral material from the
working face to the shaft bottom constitutes one of the
most vital functions in the operation of underground mines.
The transportation system must move not only ore and waste
rock away from the face as rapidly as they are produced but
must also move supplies and materials toward the face so
that delays are at a minimum.

Direct mining cost depends,

to a large extent, on the cost of underground transporta
tion of ore.

For production to be profitable, it is essen

tial that a maximum quantity of material be moved at a min
imum cost.

Amine that is well equipped, properly manned,

and effectively managed at the face may prove a failure if
its'haulage system Is not efficiently and suitably designed
to cope with the mechanization adopted at the working face.
This study is confined to one of the forms of ore
transportation in underground metal mines, namely, locomo
tive haulage.

The subject is limited, moreover, to main

line haulage.

Ho attempt has been made to compare track

haulage with any other modes of main haulage such as con-,
veyors and trackless haulage, The analysis is made assuming
1

that, under certain conditions„ locomotive main haulage is
an effective means of underground ore transportation pro^
Tided the system is properly designed with respect to haul
age lay-out and to equipment selection,

ill investigations

and conclusions are made on the "basis of this assumption.
Transportation of ore in am underground mine is es
sentially a major bulk materials-handling operation.

Ma

terials handling is defined as the art and science of moving
1
packaging, and storing substances in any form.
It is said
that the field of materials handling offers one of the most
lucrative areas for reducing production costs in any indus
try.

Moving a piece of raw material, a component, or a

finished product from one place to another costs money.
Every ton of material handled adds only to the overall cost
of operation but does not upgrade in any way the intrinsic
value of the product Itself.

Hence, the handling cost will

be a minimum when a maximum quantity of material is moved
in a specific time and. when production approaches theoreti
cal capacity of the operation.
The basic function of a haulage system is to main
tain a continuous flow of the required quantity of material

Gordon B. Carson (ed.), Production Handbook. 2d ed., The
Ronald Press Company, New York, 1958, pp.. 23.1 to 23.3.

from the production point at or near the working face to the
ear unloading point» As each mine differs from another with
respect to mining conditions.and. mining methods used, form
ulation of a universal rule for designing a main haulage
system becomes almost impossible.

However, certain basic

conditions influencing the design of such•a system are com
mon to most mines and these are discussed, in the following
pages.
Track and rolling stock are two essential components
in any track-haulage system,

A brief examination of various

types of main-line track-haulage equipment and. a detailed,
discussion of procedures used, in their selection are pro- •
sented. in this thesis.
Finally, the economics of locomotive haulage in terms
of the unit cost of hauling equipment is investigated.

The

hourly ownership and operating costs are determined for
different locomotives and mine cars.

Haulage cost per ton

of gross load is determined by matching the unit cost of
hauling equipment with the gross hauling capacities of dif
ferent sizes of locomotives under varying haul grades and
by assuming different cycle times for each round-trip.
The results of the investigation are. presented in the form
of a number of theoretical,curves with the haul cost per
ton of material drawn against total cycle time.

These

11haul cost -• total cycle time" curves facilitate the compari
son of hauling costs for various equipment combinations.
By assuming total cycle times as a point of begin
ning in the calculation of haulage costs, a number of vari
ables associated with the time required for making a roundtrip are eliminated« These variables are the human element
involved in the operation, delays during hauling, and times
for loading, hauling, and dumping» Haul road features such
as curves and track conditions which vary from mine to mine
and which influence .the hauling speed .and thus the cycle
time per trip are also excluded when, total cycle times are
assumed»

The advantage gained by adopting such a procedure

is that it is generally applicable and not confined to a
particular mine under specific hauling conditions.

The re

sults of time studies made in any mine haulage system may
be compared with the theoretical "haul cost - total cycle
time" curves to determine the existing level of efficiency.
The method of calculations are illustrated as
simply as possible and all assumptions and approximations
are clearly defined, so the design procedure can be readily
modified to suit a variety of conditions and types of equip
ment.

Practical examples of determining appropriate hauling

equipment and a cost estimation procedure are shown to fa
cilitate better understanding of the design of. a main-line

track-hamlage system.

It is the purpose of this thesis to

review some of the principles of locomotive haulage in
underground metal mines and to investigate the performance
characteristics of such a system with the economics of the
operation as the objective.

GBAPSES II
HISTORICAL DEVELOPMENT AND PRESENT TRENDS
In the pioneering days of the mining industry, women,
children, and animals were used to carry ore or to pull the
ore in some form of container« The work was tedious, hard,
and at the same time, highly inefficient in terms of today's
standardso

However, as mines gradually started, to mechanize

towaM the end of nineteenth century, one of the first appli
cations of power was directed to haulage.
Records show that in about 1812 or 1813 mechanical
haulage was first attempted in England, when George Stephenson
1
altered an engine to haul cars up an inclined plane.
The
year 1870.saw the application of rope haulage in mines in
the United States and also marked the beginning of the use
of steam locomotives in underground mines.

Compressed air

locomotives made their appearance in 1882, lessening to
some extent the haulage hazards that were prevalent until
then.

In 1887, the first electric locomotive ever to be

used in the mines of United States was commissioned in the
old Lykens Valley Tunnel in the anthracite regions of Pennsylvania.

Predecessors of Pocahontas Fuel Company originated

i

:
"50 Years and Ahead in.Face-Supporting Services," Coal Age,
October, 1961, pp. 174-175.
~

’

‘

■

6

7
the battery locomotive and also the cable-reel locomotive
in the United States by about 1888. , The gasoline locomotive
followed in 1908 but its use was mostly confined to surface
operations.

The next improvement was in the introduction

of a combination trolley-battery machine which was operated
by a master control either as a trolley or as a battery lo
comotive.
By 1910, the electric locomotive had become an ac
cepted. mode of hauling in underground mines.
as large as 25 tons were available.

Locomotives

Some recent electric

locomotives built for underground use weigh .50 tons or more
and have speeds up to 35 or 40 miles per hour.

Improved

controls and cabs that provide the motormen with real pro
tection are among the distinguishing features of modern
machines.

Apart from these and. greater horse-power9 the

modern locomotives are similar to the machines of 1910 and
1911.
The first Diesel locomotive ever to be introduced
into underground mines dates back to 1927 and was used in
Germany.

Since then its adoption has been widespread,

particularly in the underground mines of Europe, England,
and South Africa.

In 1951, the United States Bureau of

Mines approved for underground service the Diesel loco
motives built by the.national Mine Service Company, and

8
since then, Diesel locomotives are gradaally■gaining ac
ceptance in the underground mines of the United States
2

alsoc

'
Locomotives, because of their weight, and speed, re

quire steel railso

However, earlier mine rails were made

of wood and were laid on wooden ties.

In modern main-

,haulage tracks, rolled steel rails and steel or preservativetreated wooden ties are used to give longer life and smooth
er service.

She rail weights have increased from 12 and 16

pounds per yard to 90 and 110 pounds per yard.
Welding of rails is another notable milestone in
. the development of track haulage and was introduced, in the
1930's,

Thermit welding, an exothermic welding process, was

first practiced at Hew Monarch Mines in Illinois in 1933.
Bronze welding was popular for some time but its high cost
paved the way for steel welding.

The latest innovation in

the welding methods is ”Crucible" welding, which does not
involve preheating of the joint,

.Another recent.develop

ment in track work is the practice of mechanical tamping,
3
which was pioneered at the Mathies Goal Company in 1959.
2 .

. ™"~:
Ibid,

3.
Ibid,

-

■

9
Bine cars also have andergone vast improvements in
recent years with respect to their construction, design,
and capacityo

Wooden cars used in early days are obsolete

and have been replaced by cars made of high quality, cor
rosion-resistant alloy steels.

This new development gives

prolonged car life and, better ability to withstand rough
use.

Introduction of modern mine cars equipped with roller

bearings is also an improvement in underground ore haulage
equipment.

Aluminum mine cars of light weight, designed, to

withstand corrosion and abrasion better than most other
I
ij.
cars, have been recently introduced in some mines.
Present
day fast-moving, main-haulage services show an increased
trend toward large-capacity, automatic-coupling mine cars
equipped with 4-wheel trucks and roller bearings.
Along with the improvements made with respect to the
track and rolling stock, developments concerning loading
and dumping arrangements, signalling, and safety devices
have also been achieved to maintain fast, accident-free main
haulage service.

Automatic, remote-controlled apparatus

have been installed in some modern mines at the loading and.
unloading points to facilitate continuous movement of trains.
—
■
Don C. Jones, "Underground Transportation Study - Part 2,"
Mechanization, May, 1962, p. 38.

10
Dlsciassion of recent trends in underground ore
transportation is not complete without reference to the
fast-developing fields of operations research and auto
matic computation*

These fields are making much progress

toward developing optimum solutions to problems consisting
of several complex interdependent operations and variables.
Underground haulage is one such problem and, is well suited
for the application of the two new fields»

Progressive

mines all over the world are using these latest techniques
for attaining more satisfactory results from their opera
tions.

CHAPTER III
'FACTORS AFFECTING THE DESIGN OF MAIN HAULAGE SYSTEMS
BASIC DESIGN FEATURES:
Planning of an efficient, fast, and accident-free
rail-tra.nsportation system is a, complex problem that con
fronts many modern underground mines» Because no two mines
are alike, each mine, necessitates a careful study and. anal
ysis of various mining problems and conditions before a
final decision is arrived at regarding the most suitable
choice of ore-handling method*

Even supposing that rail

haulage is to be the mode of transportation in two different
mines, the possibilities of having a common haulage design
for both of them are remote.

What is considered to be ex

cellent for a mine producing 1,000 tons of ore per day with
a life of 15 years would not be suitable for a mine that
has a daily production of 30,000 tons and a life of 50 years.
Production is just one of the many variables affecting the
design of mine haulage systems.
Underground traction problems are essentially en
gineering- problems set within a mining framework and present
a great deal of contrast to those existing in surface trac
tion work.

Underground operations are subjected generally

to restricted space and often to large amounts of fine dust.
11

12

Mines must operate under stringent regulations to make the
haulage operations aafe, and these measures have a decided
influence on the design of a haulage system*

Operation of

trains should, be so controlled and programmed as to not en
danger men who move about and work in thehaulage

roads.

Some of the major aspects which should be examined
in detail before designing a mine haulage system, main-line
1
transportation in particular, may be listed as follows:
1*

'Character of ore

2.

Life of mine or total ore reserves

3o

Mining method employed

4=

Expected daily production

5o

^Humber of working shifts per day

6.

Extent and type of working-face mechanization

7*

Hoisting and further processing capacity of the
operation

8.

Shape and size of mine openings

9-

Stability of surrounding strata

10= Haulage road grades
11=

Minimum radius of curvature

12.

Maximum length of main-line haulage

1

—

—

Stephen Kriekovic, '’Considerations in Designing a Mine
Haulage System - Part I," Mining Congress Journal, vol. 41,
August, 1955, pp. 39- 42.

:
15<•

'

13

Ambient temperature of the mine

14o Ventilating air stream
15•

Mining plan and general projection
A detailed examination of all the above listed fac

tors is beyond the scope of this thesis*. However, their
importance lies in the fact that most of them are interde
pendent in influencing the selection of the main haulage
method, and the operation of equipment best suited for a
particular mine*

An analysis of items 1 to 7usually

helps

in making a decision as to the type ofhandling thatshould
be adopted to give maximum benefits from the operation;
after deciding upon the mode of transportation, selection of
equipment may be based upon investigations conducted with
respect to items 8 to 14.
Though listed last, mining plan and. general projec
tion of the mine are not the least in importance, and should
first and fundamentally be assessed in designing a haulage
system*

Planning a mine with respect to production and.

mining schedule is facilitated by a careful scrutiny of the
above factor*

Lay-out of haulage roads, suitable gradients,

and other essential elements required for a smooth-running,
high-speed, large-volume movement of materials handling
operating can be.determined beforehand by means of this
general projection of the mine.^
_

.

Ibid*

—

14
Ho fixed dividing line, however, exists between the
various factors mentioned, above for the design of haulage
method and the selection of equipment required for a mate
rials handling scheme*

In most cases, an overlapping of

these factors exists and each should, be weighed in its
proper perspective before a final decision is reached.
HAULAGE ROAD:'
Condition of haul road is a vital factor for the
success of any main haulage system.

High-speed transporta

tion of materials needs a clean and clear haulage road.
This is particularly true in case of main-line transporta
tion where main haulage roads are also expected to last the
life of the mine.
In the design of a maln-haulage way, the following
aspects should be explored:
(a)

Size:-

Haul-road dimensions should be sufficiently

large to provide necessary clearances for the smooth run
ning of rolling stock.

In modern main-line transportation,

use of one-way traffic is gaining much popularity for
achieving higher speeds and greater production.

Many mines

are adopting double-track systems to facilitate running of
trains with minimum delay.
in such cases.

Wide haulage roads are essential

15

(b) Length:-

Extent and spread of mine workings determine

the length of main hauls In most eases.. However, a good
design principle Is to look for the shortest possible haul
way for handling the required quantity of material.
.(e). ■ Supports:-

The haulway should be adequately supported

where necessary to prevent roof falls and movement of sides
and floor.
>

-

(d)

Roadbed,:-

In a track-haulage system, consideration

must be given to prepare and maintain a proper roadbed In
the haulage way.

The efficiency of handling process in

maintaining an uninterrupted flow of material depends, to
a large extent, on roadbed conditions.
A roadbed may be defined as a regular, prepared sub
grade on which are laid, the ballast section, ties, and. rails
The functions of a roadbed are:
1.

To support uniformly the weight of tracks, ballast, and.

the superSmposed loads caused by rolling stock, and, to trans
fer the weights onto the supporting natural ground underneath
with diminishing unit pressure.
2e
3.
3

To facilitate drainage of haulage roads.
To provide a smooth, regular surface for placing ballast
.........

William W. Hay, Railroad Engineering, vol. 1, John Wiley &
Son, Inc., Hew York; Chapman & Hall, Ltd., London, 1953,p.202.

section and track structure*
The purpose of the roadbed, is to maintain as nearly
as possible a permanent structure.

Greatest uniformity and.

approach to permanency are secured when the roadbed material
is free from excess moisture, and has physical characteris
tics furnishing high internal friction, high cohesion and
density, low compressibility, low capillarity, and low elas
ticity.

A mining engineer does not have much control over

the choice of roadbed material.

The most he can do is to

utilize the best type of material that is readily available»
One way of increasing stability is to provide proper compac
tion of the roadbed material before laying the track.
(e)

Drainages-

Capacity of the haulage system is seriously

and adversely affected, if proper drainage of haul roads is
not maintained.

Accummulation of mud and mine water in

haulways ruins track structure, causes undue delays in haul
ing, and reduces haulage capacity.

Haul roads may be kept

dry by constructing ditches of suitable slope. Good ditches
are basic in any system of underground drainage.

Gradient

of ditches may be the same as the track but not less than
0.30 per cent to make the ditches self-flushing and free of
standing water.

If gravity disposal becomes impossible,

then sumps, should be constructed at suitable places for
collecting drainage water and the latter pumped out of the
mine by means of automatically controlled pumps.

IT
(f)

(xracles s-

Haul-road gradient should not "be too severe

for normal adhesive traction and should he kept as uniform
and easy as the mining conditions permit= Here, again, the
initial projection of the proposed main haulage road on a
map helps in obtaining a fair picture of the grades that are
likely to be encountered and in deciding the most appropriate
gradient.
' The ideal condition in a haulage road is to move all
loaded trains downgrade.

Even where this is not practically

possible, the roads should be so graded as to present uni
form grades either up or down an elevated portion.

Uniform

grades will permit greater speed, simplify drainage, pre
vent spillage due to bumping, prevent damage to ears and lo
comotives alike a and, in general, decrease maintenance prob
lems.

Since the capacity and performance of the locomotive

is predicated on the basis of the steepest grade encountered
in the haul road, a reduction in grades results in increased
hauling capacities of the main haulage locomotives.
"ideal" gradient of a haulage way may be determined
by using the following formula.

The "ideal" gradient in

this context is considered as that gradient which requires
the same tractive effort from the locomotive to haul a

loaded train down the grade as an empty train against the
grade. 4 -

H = (W / L) x (6 9000 / F) -5- (4,000 / F).....(l)
where;

H = length of gradient in feet for a change in
level of one foot
¥ = weight of locomotive in tons
L = gross trailing load of a full train in tons

F = tractive resistance in pounds per ton
The problem of gradient is the major limiting factor
in the performance of locomotives and will be discussed
further in a later chapter.
(g)

Curves;-

Radius of curvature is another major factor

deserving attention In designing a haul road.

Curves in

underground haulways are usually designated, in terms of the
length of curve radius, degree of curvature, or tangent dis
tance,

In designing a main haulage way, a cardinal princi

ple is to have as long a radius as possible.

Curves with

longer radii (100 to 500 feet) minimize curtailment of loco
motive performance.
%

”77'"" "

~

T. E. Green* ^Principles of Underground Locomotive Haulage,

Transactions-Institutlon of Minim# Engineers, vol. 112,
1952-53, pp. 966-969, 980.
.

19
Length of wheel has© and diameter of the wheels of
the largest piece of equipment that uses the curve determine
the minimum radius of the curve.

An approximate method of

knowing the minimum radius of curvature (in feet) is to di
vide the length of wheel has© (in inches) by 2.

Thus, if

the length of wheel base of a main-line locomotive is 9-0
inches, then the minimum radius of curvature should be at
least 45 feet. Table I shows the minimum radius of curva
ture over which a locomotive will pass depending on the
dimensions of the wheel base and the wheel.^
In going around a curve, a train is subjected to
the action of centrifugal force acting radially outward.
The magnitude of this force is found from the formula:
F 55 w v
wheres

w

/ g R

.............. '....... (2 )

* weight of car or locomotive in pounds

v w speed of train in feet per second
R = radius of curve in feet .
g s acceleration due to gravity, 52.2 feet per
second^
F ss centrifugal, force in pounds •
The effect of centrifugal force on the train is' to
make the outside wheels of ears drawn by the locomotive climb
3“ ••
“ . ..
'
Atlas Car and, .Manufacturing Company. Catalog 1245, 1932,
p.- 93....
.
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up the outer rail resulting in derailments and, wrecks» In
properly designed curves9 the track is laid in such a way
that the effdot of centrifugal force is fully counteracted.
This is achieved by raising or superelevating the outer rail
on the curve by ’'e11 inches above the inside rail level (see
Figure 1 ).

A state of equilibrium is reached by superele

vating theoutside

rail so wheels are made to bear equally

on rails with no lateral thrust.

-

The amount of superelevation 11e” is determined by
the following formulae:6
2

e * 0" V

f

XX

O.OOOOOOOOO. . OOOOOO. . ( 5 ^

Formula (3) may be expressed, also, in a more usable form:
e

where:

*■

d

iiT

/ 113

© o o oo

o o o o o

o o o o o o o o o o o (

)

e - elevation of outer rail in inches.
Q s gaugeof track in inches
•v x speedof train in feet per second
V = speedof train in miles per hour
g - acceleration due to gravity, 32©2 feet per
second^
H = radius of curvature in feet

=
—
¥. W. Staley. Mine Plant Design© 2d ed., Mcdraw-Hill Book
Company, Inc., New York, Toronto, London, 1949, pp© 430-431.
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1
TABLE I
MINIMUM RADIUS OF CURVATURE
Wheel Base
(Inches)

Minimum radius of" curve (feet) over which ibeomotive will pass ; ______ .
___________
Diameter of Wheel (Inches)_______ ___
14

.

16 . 18

20

18

6

20
22

7
7

24
26
28
30
34
36
38
40
.42
44
48
54

8
8

8
8
8

■8

8

8

9

9

9

9
9

10 10
11 11
12 12
12 ■12

10
11
12
12

13
14
15

13
14
15

13
14
15

16

16
18
.18

16

22

24

26

28

30

33

36

13
14
15

15

16
16

16
16

16
16

17
19

17
19

17
19

20
22

22

25 25
28 28
31 31
34 34
39 39
45 45
51 51

7

60
66

*■*

72
84
96

***

r*

«. ■

-

8

18
20
22

25
29

-

108

«s«

144

—

9

11
12

10
11
12

10
11
12

13
14
14
15

13
14
14
15

13
14
14
15

16

16

16

17
19

17
19

17
19

21

21

21

23
26
30
34
39
52

23
26
30
34
39
52

23
26
30
34
39
52

21

21

21

23
26
28
33
37
43
56

23
26
28
33
37
43
56

23
26
28
33
37
43
56

68

68
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TABLE II
.SUPERELEVATION OF OUTER RAILS■
Radius of
Track
Curve (ft -) Q-auge(in»)

.Speed (m» p.h» )
4____ 6 - I
10
12
15
Elevation of outer rail (in.J~

20

36

1.54 3.42

6.13

9.59

13-80

21..60 38.40

42

1.80 3.99

6.99 1.1=19

16.10

25.20

44.80

36

1.30

2.84

5.10

8.00

11,46

18.00

32.00

42

1.52 3 =31

5=95

9.33

13 =37

21.00

37=33

36

1.10

2.43

4.38

6.86

9.85

15 =43

27.43

42

1.28

2.84

5.11

8.00

11.49

18.00

32.00

36

0.64

1.42

2.56

4,00

5 =75

9.00

16.00

42

0.75

1.66

2,99

4.67

6.71

10.50

18.67

36

0.48

1.06

1=93

3.00

4.32

6.75 '12 .03

42

0.56

1.24

2.25

3 =50

5=04

7 =88

14.00

36

0.39

0.85

1=53

2.40

3.44

5=40

9.60

42

0.45

0.99

1=79

2.80

4.01

6.30

11.20

36

-

0.43

0,77

1.21

1=72

2.70

'4.80

42

-

0=50

0.89

1.41

2.01

3 =15

5 =60

36

-

0.31

0.48

0,69

1.08

1.92

42

—

0.36

0.56

0.81

1.26

2.24

25

30

35

60

80

100

200

500

-
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Center o f
g ra v ity

FIGURE I:

SUPERELEVATION

Based on formula (4), Table II gives the values of
"e" for some radii of curvature and train speeds. Values
shown are for 36- and 42-inch track gauges.
LAY-OUT NEAR SHAFT STATION AND LOADING POINTS:
Track lay-out near shaft station and loading points
are two other items that should find a place in the design
schedule of a main-line haulage system.

Excellent equipment

selection, good haulway design, and high speed of operation
will all be in vain if extra care is not taken to design
suitably the track lay-out at the loading and dumping places.

2#
She lay-out must provide for rapid handling and. minimum
interference of empty with loaded, cars-

The type of lay

out again varies from mine to mine depending on the extent
of mine workings, output, and equipment availability.
' One common procedure that is practiced, in modern •
high-speed haulages is to have loop traffic of sufficient
length at the loading and. dumping ends - Loop haulage allows
a continuity in train movement and also enables the loco
motive to be always aththe leading end of the train when
transporting material.

Another method is to layout the

haulage plan as a simple, double loop with one-way traffic
of continuous haul, the loops consisting of two parallel
and interconnected, drifts sufficiently set apart. Figure 2
represents this method of haulage layout as designed at the
San Manuel mine in Arizona, U. S. A., one of the biggest
underground copper mines in the world with an estimated
daily output of 35,000 tons of ore.
DOUBLE OR SINGLE TRACK:

7

'

The question of whether to have double or single
track for main haulages is a controversial matter among
mining engineers. The major factor that decides the above
7
■0. F. Cigliana, •"Ore Transportation at San Manuel,1'1 Mining
Engineering. May, 1958,■pp. 573-576.
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FIGURE 2:

south haulage-2
1000'

MAIN HAULAGE AT SAN MANUEL

problem Is production capacity of the mine.

If production

is high and if mining conditions permit, adoption of double
tracking may be justifiable.

Advantages claimed for double

tracking are:
(i)

Complete isolation of and non-interference between empty

and loaded trains.
(ii) Lesser requirements in number of cars and locomotives
for a given duty because waiting at side tracks and passing
tracks is eliminated.
(ill)Availability of second track ensures production to be
continuous in spite of occasional hold-ups on one of the
tracks.

•

(Iv)
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'

Facilitates the Installation of spring-*type derails on

up-grades.
All the'above advantages should be weighed against
economical considerations of Installing a second track before
reaching a final decision on the problem.

Many mines have

attained good results without resorting to.double tracking
by properly locating well-designed passing tracks along
their single track installationsy .a possibility which the
designer should bear in mind before deciding entirely in
favor of double track system.
LieHf i m A10 HA1LAG-E COlTROLs
Safety, speed of operation, and maintenance of track
and equipment are all facilitated by adequate illumination
of main haulage roads,

latest type of lighting units used

in mines are fluorescent tubes, which provide a significant
increase in light output while drawing the same amount of
current as incandescent, lamps'.

Lights should be properly

located in the haulway such that the vision of men operating
the hauling units is not hampered by glare from the lights.
Modern high “capacity .haulage systems' must be equipped
with a control system; by means of which instant communication
between mobile haulage units or between, a dispatcher and any
mobile unit may be established, at any time.

Such a system

helps to Increase safety, efficiency, and continuity in
haulage operation.
Where there is heavy two-way traffic over a single
i
track, a dispatcher can. effectively control the movements
of trains and keep delays to a minimum.

Where double track

ing is used, the need for a dispatcher may not be too im
portant; however, a rigid control system of reporting at
prescribed places is essential so that all units ape alerted
if any disruption occurs in the haulage operation.
There are three systems of. communication currently
Q
in practice in various mines.
The tube-type phone units
are the oldest and use the trolley wSiJfe for transmission.
Transistorized phone units have been recently introduced
into mines.

These are, powered by storage batteries and,

transmit over the trolley wire.

Use of storage batteries

permits communication when a failure in trolley power oc
curs.

A self-contained combination telephone and loud

speaker Unit, capable of operating on any two-oomdUctoP sys
tem, is the third type of communication apparatus used in
mines.

This system is equipped with two dry-cell batteries.

k number of these units may be installed on a single line,

Don 0. Jones, "Underground Transportation Study - Part 2,
Track Haulage Equipment Costs," Meehanlzatlon, May, 1962,
p. 40. ■
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thus making possible for communication between any central
control point, such as a dispatcher's office, and active'
working areas, or vice-versa.
Block signals, track switches, and derails - all
automatically, operated, are the various other .haulage control
devices used, frequently in mines.

They all assist in in

creasing safety and minimizing delays in an efficient haulage
operation.

The designer must take into consideration several

aspects, such as total tonnage, number of locomotives in
use, haul distances, interval of time between shifts, and
availability of a main repair shop underground before coming
to a conclusion on. whether to incorporate all or only a few
of the controlling devices for his mine haulage scheme.
Various other features essential for a fast main
haulage system such as locomotives, mine cars, track and
other accessories are discussed in the succeeding chapter
of this thesis.
The design of main haulage systems should combine
at the same time simplicity and flexibility of operation as
well as* highest efficiency.

These aspects are essential

for a low-cost, high-capacity bulk materials handling opera
tion in any underground mine.

CHAPTER IV
■■. TRAOK-HAULAG-E EQUIPMENT
■ s . .

Rail-haulage equipment is-generally classified into

three groups; namely, track structure, rolling stock, and.
accessory equipment. Each group consists of various com
ponents , as shown in Table III, and a brief discussion of
each component follows.
TABLE III
CLASSIFICATION OF .TRACK-HAULAGE EQUIPMENT
Track-Haulage Equipment
1-Track Structure
Ballast
Rails
Ties
Turnouts

II-Rolling Stock

Ill-Accessory Equipment

Locomotives
Mine Cars

Loading Equipment
Dumping Equipment

TRACK STRUCTURE:
Efficiency of locomotive haulage is primarily depend
ent upon properly constructed and well-maintained track.
Track which does not adequately support the load it must
carry increases maintenance costs, causes excessive wear on
other, components, and increases resistance to train move
ment , Savings from a good track installation usually more
than compensate for the greater investment.
29

Time in transit

30

is an important element of haulage cost.

By resorting to

a high staa&ard of track installation and track maintenance
haulage is speeded up, moving time of machinery is reduced,.
production is increased, and hence, a reduction of cost
occurs.
Good track depends on the condition both of the
sub-structure, which consists of artificially prepared
bedding or ballast, and of the super-structure comprised
of rails, ties,/and turnouts.
BALLAST1
Ballast is

selected material placed on the road-

.bed for the purpose of holding the track in line and on
grade.

Apart from sustaining the superimposed pressures

and transferring them uniformly to the underlying sub-grade,
ballast also assists in compensating for any variations in
floor level and in giving protection to the ties from humid
mine atmospheres.
Good ballast must possess the following character
istics:
1.

Strength to resist the crushing action of superimposed

static and dynamic loadings; the material should not be
brittle.
2.

Capacity to withstand abrasion and weathering.
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3o

Ability to stay in place*

4o

Quick and efficient drainage..

5«

Good working surface.

6.

Availability in large quantities at low cost.
Choice of ballast material depends on the condition

of haul road,, volume of traffic, availability of material,
and cost of material. .Crushed limestone, crushed slag, and
cinders are some of the common ballast materials used in
underground mines.
Crushed limestone, suitably sized (3/4" to 2"), is
best but is expensive. Its availability is limited to
certain localities.

Use of stone ballast prolongs tie life.

Most of today's high-speed haulage operations use
crushed, slag for ballasting.

Slag costs less than lime

stone and is more readily available in mining areas.

The

only disadvantage, of slag ballast is that it causes dry rot
in track ties.
Volcanic cinders is also used as ballast in some
mines.

It is cheap and, drains Well but has a difficult

working surface and does not stay in place.
Ballast should be packed firmly to gain compaction
(density) and interlocking of particles (rigidity).

This
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is accomplished either hy manual or by mechanical tamping
methods, the tamping being done oh each side of the tie
both outside and. inside of the pail.

Ballast under the

center of ties between rails is left untamped to prevent
tie breakage owing to the tie becoming center-bound.
Hand tamping is a. tedious, time consuming, and ex
pensive process fairly common in many mines.

Owing to the ■

lack of uniformity in hand tamping, the quality of work done
is not very high.
Mechanical tamping is fast becoming popular in some
of the larger operations.

Use of mechanical tampers gives

a superior and more uniform compaction of ballast.

The

.tamping process is speeded up, and as the amount of labor
needed is less, a reduction in cost also results.
Depth of ballast section depends upon the condition
of roadway and .the magnitude... of..J..oads. that the sub-grade is
expected to withstand.

The depth should be sufficient to

insure. ..uniform distribution, of load from the ballast to the
sub-grade.

General practice in underground mines is to have

a ballast depth of at least 6 -inches.

Width of ballast sec

tion is related to the .tie length, ballast depth, shoulder
width and slope.

Good practice is to have at least 9-inches

of ballast from each end of the ties taking into considera
tion the size of haulage road and the provision of drainage .
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ditch.

Figure 3 illustrates a typical cross-section of" a

single-track, straight roadway with a drainage ditch.

1

ij: Roadway

tt Trank

B a lla s t ( t ig h t ly packed)
B a lla s t (lo o s e ly packed)

FIGURE 3:

TYPICAL SECTION ACROSS SINGLE-TRACK ROADWAY WITH
DRAINAGE DITCH

RAILS:
A rail may be considered as a continuously supported,
flexible beam yielding under load and distributing its
1

Tracklaylng for Underground Haulage, 2d ed., National Coal
Board, England, 1961, p. 43•
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weight over a number of ties.

Strength, durability, weight,

and capacity to resist bending (stiffness) under the action
of superincumbent loads are the major characteristics a
rail should possess for being used on main haulage lines.
A rail section is made up of three parts?
web, and the base.

the head, the

Hardness of the head controls the rate

of wear and tear on the rail.

Height of web, and. to a

certain extent, its thickness determine the bending strength
of the rail.

Resistance to tilting is offered by the thick

ness and width of the base.
Rails are usually designated by the weight per run
ning yard.

Modern underground track-haulage systems use

rails ranging from 20 to 110 pounds per yard, depending on
the types and, weights of locomotives and cars used in the
mine.

Rails of 60 to 90 pounds are most commonly used for

main haulages.

Rails come in standard mill lengths depend

ing on their weights. ,For example, 30 - or 33 -feet lengths
are common for 40- and 60-pound rails whereas 85 -pound rail
comes in 39 -feet lengths.

Standard lengths cost less per

foot than custom lengths.
Rail selection depends on the spacing of ties, sta
bility of roadbed, and the maximum weight the rail is ex
pected to sustain.

The weight the rail must carry is de

termined by the general construction, weight, and horse-power

of the locomotives. A rule-of-thumb method that is often
used to choose the minimum weight of rail is "based on allow
ing 10 pounds per yard of rail weight for e/very ton of loco
motive weight on each driving wheel« For example, for a
20-ton 4-wheel locomotive, the minimum rail weight should

"be at least (20 / 4) x 10 or 50 pounds per yard,.

For prac

tical purposes, the minimum weight of rail should be suit
ably increased to allow for various conditions such as
stresses caused by floor movement, humidity of mine air,
corrosive action of mine water, and roadbed conditions preva
lent in the mine.

Table IV illustrates the standard rail

weights that are recommended for different locomotive
weights. P
Rail life depends chiefly on the quality of material
from which the rail is manufactured, tonnage handled, speed
of operation, amount of curvature, alignment, cleanliness,
dryness, and the degree of maintenance.

In some mines, the

problem of acid-water corrosion is common and. calls for
frequent renewal of rails.

Rail life, however, can be pro

longed by an efficient track installation and maintenance
program.
2

~

‘

. .

Bethlehem Mine and Industrial Track Work for Safe Haulage,
Catalog"470, Bethlehem Steel Company, Bethlehem, Pennsyl
vania, 1958 , p. 7
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TABLE IT
LOCOMOTIVE - RAIL WEIGHTS
Wight of Rail (pounds per yard)
Weight of Locomotive(tons)
4-Wheel
Locomotive

6 -Wheel
Locomotive

6

30

-

8

■ 30

—

10

40

30

13

60

40

15

60

40

60

60

25

70

60

30

80

70

35

85

80

40

90

85

50

100

90

'
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Welded Railss-

The. weakest link in the track structure is

the joint between rails.

The majority of track maintenance

costs is due to the presence of such joints.

Maximum rail

wear occurs at .the joints giving way to a general d.eterio- .
ration in track structure and seriously;affecting the per
formance of equipment using the track.
Continuously welded rails have effectively solved,
the inherent defects of rail joints by eliminating the open

joint - Adoption of welded rails is becoming; common in many
of the modern mines as'ing heavy-doty and high-speed haulage
equipment.
Welding of rails, may-, be carried out by any of the
following methodss

namely, thermit process, electric flash

welding, oxy-aeetylene pressure process,, and crucible weld
ing.

Thermit process and ©xy-aeetyleme.welding are common

in most metal mines- whereas some coal mines are using the
crucible method of welding to a large extent.
Laboratory tests show that welded joints possess
superior fatigue properties to those of bolted joints.

Rail

life is. prolonged,and a general decrease in track mainte
nance .costs results inasmuch as joints are eliminated.
Welded rails eliminate-the necessity of bonding the joints
for electric traction and provide better electrical conduc
tivity.

Welded, rail, joints are less expensive than bonded

rail joints.

A major limitation for welded rails is that

they cannot be used in places where excessive floor move
ment is present.
Ties $-

-'
. -v- "
,
Ties or sleepers, as they are generally called out

side the United States,., ar® bedded in the upper portion of
the ballast seetibnj and help in distributing the wheel
loads onto the ballast section with diminishing pressure.
They serve also in holding the rails to line and correct
gauge.
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Track ties used In mines are made either of wood or
steel.

Wooden ties are used in most mining operations as

these are more flexible and. less expensive.

Wooden ties,

should.' be well seasoned, and be of good,, sound, clean timber,
free from bark, dead wood, unsound knots, bad shakes, and
other defects liable to affect their strength when in use.
They should be straight, well sawed, and cut square at the
ends with top and bottom parallel.

Wooden ties treated with

preservatives' have a longer life than untreated ties and
serve better where mine conditions favor timber decay (wet
or damp roadways).

Some of the common wood preservatives

used are creosdte, zinc chloride, and arsenates of copper and.
chromium -; impregnated, under pressure.

Generally , a track

installation with an expected life of less;than.five years
does not warrant.the need of treated ties.

Nevertheless,

use of treated ties is always preferred on main haulage roads
which are expected to last the life of the mine.
Steel ties give fairly good service when the track
structure is well packed and ballasted.

They are easy to

stack in restricted places underground. Steel ties offer
a rigid support to rails, are lighter, stronger, and more
durable (in certain places) than wooden ties.

Major draw

backs of steel ties are their susceptibility to corrosive
action of mine waters and.their lack of flexibility.

Use

of steel ties in conjunction with wooden ties has, however,
proved beneficial especially on curves.
For a given rail weight the spacing of ties is' de
pendent more on the maximum wheel weight rather than on the
total weight of locomotive or cars.

The closer the. ties are

spaced, the greater is the support and stability offered to
the track.

Normally, they are spaced 18. to 50 inches apart,

center to center.

Ties should not be spaced less than 10

inches apart, as efficient tamping of ballast is then
hampered.

An excessive tie spacing increases track resist

ance because the rails will bend between the ties.
Tie replacement coupled with the expense of period
ical inspection of ties in place is a substantial cost item
in maintaining track.

Renewal of ties should be done on a

carefully planned and organized'program.

It is desirable to

keep a record of all ties in. service on main roads.

Such

Information will prove helpful in inspection and mainte
nance procedures.
Rails are fastened, to the ties by means of spikes
alone or spikes and tie plates.

Tie plates should be used

on main lines where heavy equipment and heavy traffic ape
involved.

They protect the ties from mechanical wear and

distribute the rail load uniformly over a larger tie area.

TURNOUTS:

A turnout Is defined as a track arrangement consist
ing of a switch and a frog, with connecting and operating
parts, and extending from the point of. the switch tothe heel
of the frog.

By means of a turnout, locomotive's andcars

may pass from one track to another.

Figure # shows a typical

turnout with its various parts designated "by n a m e T h e min
imum turnout.number recommended, for main-haulage track using
large-capacity cars is as

follows:

(a)

Number 3

Turnout Number 2-|- or

for track using 40- or

60-pound rails.

(b)

Turnout Number 4 or Number 8 - for track using 85-pound,

rails, the Number '8 turnout being generally used for long
radius curves•
The switch consists of two switch rails, with neces
sary connecting and operating parts, and is the moveable part
of the turnout designed to divert rolling stock from one
track to another.

Fast main-line haulage requires the use

of automatic switches controlled by a pneumatic cylinder or
an electrical device.

In the latter case, the switch may be

actuated by a dispatcher or by the motorman through contact
switches.
3

"
—
:
Bethlehem Mine and Industrial Track Work for Safe Haulage,
Catalog 470, Bethlehem Steel Company,. Bethlehem, Pennsyl
vania, 1958 , p. 91 .
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FIGURE 4:

TURNOUT

The frog is a device used where the outer rail of
the turnout crosses the rail of the main track and provides
flangeways to permit wheels travelling on either rail to
cross the other.

Frogs may be either rigid or spring type

and are designated by their angles or more commonly by a
number known as 11Frog Number.11
Track Gauge:-

Gauge of track is the distance between rails

measured from inside to inside of rail head.

Selection of

the most suitable gauge for main-haulage track should be

based on tonnage to be handled, dimensions of rolling stock,
and width of haul road.

Mine track gauges range from 12 to

56§ inches (standard railroad gauge).

The common gauges

used for main haulage in mines are either 36 inches or 42
inches.

Wide track gauge is a necessity for high-speed

operations.

Stability of rolling stock and its maneuvera

bility on curves are increased by using a wide gauge,
use of powerful and bigger locomotives is facilitated.

Also,
On

long hauls and steep grades a gauge of not less than 36
inches should be used.

This is true particularly when haul-.

ing with trolley Ipcomotives.

Higher installation and main

tenance Costs.are two disadvantages, in using wide rail gauges
in mines.
Track Bondings-

Bonding of rails by short lengths of braided

copper cable extending around, joints is a significant item
in maintaining haulage efficiency where trolley locomotives
are used.

The purpose bf using a heavy bond is to insure a

good electrical path.around the rail joints to provide a
low-resistances return-current path through the rails.
Bonds may be either welded or mechanically fastened to the
two rails around the joint.

On main-lines, bonds should be

Installed at all joints and cross bonds should be placed at
intervals of 100 to 200 feet.
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II - ROLLING STOCK
LOCOMOTIVES;
Present-day main-line locomotives have weights rang
ing from 15 tons to 54 tons and, are capable of speeds up to
40 miles per hour.

Three types of locomotives are generally

used for main-haulage in underground mines.
1.

Trolley locomotives

2.

Battery locomotives •

3.

Diesel locomotives

They are:.

Of these, the trolley locomotive is the most popular one used
in underground metal mines. Battery and, Diesel units find
extensive application as main<Line. locomotives in coal mines,
especially in Europe and, England.

Other types of locomotives

that are only rarely used in special circumstances are com
pressed-air locomotives, trolley-battery combination loco
motives , cable-reel locomotives, electro-gyro locomotives,
and gasolene locomotives.
Trolley locomotives:-

Trolley locomotives offer a highly

efficient and reliable method of transport for all normal
services including main-line, gathering, switching, and
general work in those mines where conditions permit the
open collection'of current from a bare conductor.

Compared

to other types of mine locomotives, the trolley locomotive

.

has a greater power-to-slze ratio*

#

The weight a,nd horse

power of a trolley locomotive can he increased without
making great changes in its overall dimensions.

It has the

ability to start heavier trains, to accelerate at high rates,
and to sustain high speeds, three essential requirements
for fast, high-capacity main-haulage.
Power for electric traction is usually received from
a contact conductor carrying either 250 or 500 volts d,e»
Alternating current is rarely used for haulage purposes be
cause it. is not suitable for the variable speed type of loco
motives needed for transportation underground. ■ Alternating
current is converted to direct current by means of con-„
verting units such as rotary converters or mercury-arc con
verters.

Substations perform the functions of switching,

transforming, and sometimes rectifying the transmission
current.

Their presence at. suitable intervals along the

main-haulage road is necessary to provide adequate direct
current power to the haulage system such that a constant
voltage is maintained throughout the route for efficient'
traction.

For example, when using 85-pound rail and heavy-

duty locomotives, good practice is to install a 500-kilo
watt substation at intervals of one mile.

Ordinarily, lo

cation of substations is governed by the number of loon-,
motives in use and the maximum power requirements of the lofiomot ives.
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Tii© contact conductor may "be either a part of an
overhead-line suspension system (trolley wire) or a third
rail system.
haulage.

The latter is rarely used in underground

The trolley wire consists of hard-drawn copper

wire of grooved section and is suspended from the roof by
means of suspension devices which also act as insulators.
The suspension devices should be spaced so that the over
head-line suspension is flexible, free from sag, and as
nearly parallel to the rails as possible.

Support spacing

of between 15 to 20 feet on straight roads and between 10
to 12 feet o n.curves usually is sufficient.

According to

the United States Bureau of Mines requirements, the sag in
the trolley wire should, not be more than

inches on a 30-

foot span, and the convergence or divergence between the .
trolley wire and the rail should, never exceed 2 per cent.
To meet the latter condition, the suspension device, should .
be capable of accommodating for any changes in floor- or
roof-level.

To avoid fire hazards due to arcing in timbered

roadways, the trolley wire should be hung at least 12 inches
below the roof level.

Distance between trolley wire and

rail level may vary from 6 to Tt feet depending upon whether
the trolley voltage is 250 volts or 500 volts.

Trolley

wire circuit should be provided, with eircuit-breakers at
—

G, H. Frltzsche and E. L, J. Potts, Horizon Mining;, George
Allen and Unwin Ltd,, London, 1954, p. 423,
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suitable places to facilitate safe working during haulage
road, repairs.
•The collector unit on a trolley locomotive may be
either a trolley pole or a pantograph unit.

Trolley pole

.'is commonly used in mines of the United States and consists
of a wooden pole, a trolley wheel, and a harp.

The entire

pole equipment is mounted on the locomotive by means of
either a soeket-spring type base or a ball-bearing-spring
type base.
The pantograph type collector, so called because of
its shape and operation, is ordinarily used, in the coal
mines of Europe and England.

Use of pantograph type col

lector causes less arcing and facilitates travel in either
direction without alteration of the collector unit.

One

disadvantage of such a unit is that it does not allow the
provision of side-boards for protecting the overhead wire
at points where men work.
Storage Battery Locomotives:-' Battery locomotives are used
extensively for short hauls and for gathering services, and,
to a limited extent, for main road services in underground
metal mines. Main-line, battery locomotives range from 6 to
20 tons in weight and have a horse-power rating of from 35
to 230 h. p.

Their running speed varies from 6 to 18 miles

• '

4$

per hour and. their rated, drawbar pull ranges from 3,000 to
10,000 poundSo

Battery capacity Varies from 80 to 620

kilowatt hours, and the batteries require recharging usually
at the end of each shift.
Battery locomotives are self-contained, flexible
units capable of travelling anywhere in the mine where tracks
have been laid.

Their range of operation, however, is cur

tailed by the limited capacity of the battery.

Battery-

charging units must be placed on the various levels of a
mine where such locomotives are used..
In general arrangement and design, battery loco
motives are similar to trolley locomotives, differing mainly
with respect to the source of power.

Whereas trolley loco

motives receive power .from an external conductor, battery
le.eomotives derive power from a storage battery unit housed
in a .sheet-steel container which, in some designs, is di
vided. into two or four compartments.

The battery container

is carried on the locomotive.

-

Lead-acid, and alkaline (nickel-iron or nickel-cadmlum) type batteries are the two common types of batteries
used on battery locomotives.

Lead-acid batteries are ex

pensive and. have a short life (about 4 years or 1,250 cycles
of charge and discharge, whichever is earlier),-

Alkaline
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batteries last longer but cost twice as much as the acid-type
batteries.

They weigh less but occupy more space for a given

output.
In a battery locomotive built for underground use, the
battery should be compact. This size limitation seriously
affects the capacity of such a locomotive.

Figure 5 shows

the general shape of the time-capacity curve of acid-type
batteries from which it can be observed that battery capacity
18
decreases rapidly with an increase in the discharge rate.
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TIME - CAPACITY CURVE OF LEAD-ACID BATTERY

T. E. Green, "Mine Locomotives, Institution of Electrical
Engineers-Proceedings, vol. 103, no. 12, December, 1956,
pp. 554-555.
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Battery-ckapglng equipment generally consists of a
transformer» an a.e. switeh-gears and a suitable rectifier
to convert a,c. to d> Co power« Battery charging is always
done by means of direct current.

Method of rectification

and, control of charging current varies with different manu
facturers.

Selenium-cell and. mercury-arc rectifiers are

the two common types of rectifiers used in underground
battery stations.

Battery stations should be well venti

lated to prevent excessive concentration of hydrogen in the
atmosphere.
Regarding the frequency of battery charging, it is
common belief that charging should be done at-the end of a
full shift (8 hours).

In actual practice, it is found that

the efficiency of battery locomotives drops off considerably
by the middle of the shift if working on long hauls, and
towards the end of the shift if operating on short hauls.
Hence, for achieving a high degree of efficiency, the bat
tery must be recharged, during the shift.
Diesel Locomotives;-

Diesel locomotives are extensively

used as main-line locomotives in the coal mines of Britain
and Germany.

In the United States and Canada, Diesel units

are used to some extent for secondary haulages..

Diesel lo

comotives ranging in size from 5 to 45 tons with rated horse
power of from 40 to 300 h.p. have been built for mining and
tunneling services.

Transmiss ion of power in a Diesel

locomotive may "be either direct or through a hydraulic
torque-converter drive.

Torque converter drives have im

proved the versatility of Diesel locomotives toy providing
smooth starts and multiple-speed, ratios.
Stringent regulations have restricted the applica
tion of Diesel locomotives underground because of certain
hazards arising out of using internal combustion engines.
Ignition of explosive gases - if present in the mine atmos
phere - and production of noxious gases such as carbon mon-r
oxide, carbon dioxide, oxides of nitrogen, aldehydes, and
sulfurous fumes in the exhaust are potential hazards which
Diesels introduce. -These dangers are minimized by providing
good ventilation in the haul roads and toy incorporating cer
tain devices in the engine design.

The United States Bureau

of Mines suggests a minimum circulation in all haulage roads
frequented toy Diesel locomotives of 75 cubic feet of free
air per minute per locomotive horse-power in addition to the
normal ventilation requirements of the mine.

Fresh air

circulation prevents harmful concentration of the exhaust
gases toy diluting and. then carrying them away from the work
ing areas. Design features of Diesel engines should in
clude a leak-proof fuel-oil tank and an efficient exhaust
conditioner.

Exhaust conditioners or scrubbers serve to

cool exhaust gases below the flash point of the fuel used ■

(about i60°F)to remove harmful particulate matter from the
exhaust fumes before being discharged Into the mine atmos
phere , and to remove some of the noxious gases.

Other regu

lations pertain to regular and. periodical Inspectj|>ns, and
a high order of maintenance of the Diesel unit,
OOHMISOH OF TROLLEY, BATTERY, AID DIESEL LOCOMOTIVE '
HAULAGES:
(a)

Flexibility of Operation:-

Flexibility of locomotives

for haulage purposes: is determined by their readiness for
service and their limitations in travel and running condi
tions,

The trolley locomotive is ready for'operation as

soon as the power supply in the external conductor is
switched on.

Readiness for service with.respect.to battery

and Diesel locomotives depends on the charging condition of
the battery and the availability of-fuel supply respectively.
Operation of the trolley locomotive is limited, to the ex
tent of overheads line installation whereas battery and fuel
capacities limit the. extent of battery and, Diesel hauls re
spectively.

Power reserve for trolley locomotives is almost

unlimited, lasts, about one shift for battery locomotives,
and nearly two shifts for Diesel locomotives.
(b) Operational Characteristics:-

Trolley and, battery loco

motives possess' high overload capacity and uniformity of
torque at the driving wheels - the factors responsible for

smooth starting and ability to overcome heavy grades.

Diesel

locomotives have lesser overload capacity, a defect which
has been effectively overcome by equipping them with hy
draulic torque converter drives.

Electric locomotives are

more reliable in their operation than Diesel locomotives
which require a high order of maintenance and special atten
tion.

Diesel locomotives transfer more heat to the surround

ing mine air than do electric locomotives.
(c)

Safety in Operation:-

Presence of an overhead conductor

for trolley locomotive operation is a constant source of
danger for men working in its vicinity.

Accidental touching

of a trolley wire,leakage of current, ignition.of explosive
gases, and fire outbreaks due to excessive sparking are a
few hazards that confront trolley locomotive operations.
These dangers may be averted by'taking necessary precautions
with regard to the construction of trolley wire circuits
and collector devices, and. by installing seotionalizing
eireuit-breakers at suitable places.
Battery locomotives must be flame-proof in construc
tion if used in coal mines.

They are safer to operate than

trolley locomotives because the exposed trolley wire neces
sary for the latter is absent.

However, battery locomotives

require special care against the danger of burns from ig
nition of gas during battery charging and from electrolyte
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spillageo

Battery containers shots1(3 be properly insulated, to

prevent shorting or leakage of current.
Diesel■locomotives present a number of safety prob
lems.

.The main source ©f danger arises from the exhaust

gases of the Diesel engine. Adequate ventilation of haulage
roads, proper design of the engine, and. excellent maintenance
of the equipment are the possible answers to eliminate dan
gerous situations arising out.of using Diesels underground.
(d)

Cost of Operations-

Diesel locomotives have the lowest

initial cost, followed by trolley and then battery loco
motives.

Operational cost, including interest and deprecia

tion, is lowest for trolley locomotives because of the low.
cost of repair, spare parts, and power.

Battery and. Diesel

locomotives have approximately the same operational cost.
COMMOEf R1QDIBEMEUTB FOR;LOCOMOTIVES:

Whatever the type of locomotive used, certain equip
ment such as braking devices and. auxiliary equipment are
common to all locomotives.

Braking equipment is of para

mount importance for any type of locomotive for stopping
trains quickly and, safely.

All locomotives must carry me- •

chemical hand brakes (parking brakes).

In addition to the

hand brakes, other braking systems such as power braking
or dynamic braking may also be incorporated to furnish better
safety.

.Sanders, controls, head lights, warning signals, and
automatic coupling devices are the various auxiliary equip
ment used on most of the. mine locomotives.

They all assist

in providing either better traction or safety of operation*
MIME CARS:
Mine cars for high-capacity main-haulage systems
are available in three designs - side-dump or Granby ears,,
bottom-dump or drop-bottom cars, and rotary-dump or solidbottom cars.

Side-dump and rotary-dump.cars are common in

metal mines whereas drop-bottom cars are largely confined
to coal mines*

Each type has its own advantages and dis

advantages, and each requires special dumping arrangement
for unloading the material*
Mine cars are expected to meet certain general re
quirements for use underground*

They should be capable of

withstanding abrasion and corrosion, should give a favorable
tape - load ratio, and should be of rugged construction to
give a long service life*

Cars should be designed to offer

little resistance to motion and should possess proper bal
ance to stay on the track, particularly on curves*

They must

be easy to handle in case of derails and wrecks, and must
be easy to unload and clean.
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Modern mine cars are usually built of corrosionresistant alloy steels, the body being of welded, or riveted
construction-

Recently, mine cars built of aluminum have

been introduced, into underground mines-

These cars are

designed to withstand, abrasion and corrosion, and. possess
the advantage of a lesser dead load for a given haulage ca
pacity.

'
Wheels, axles, and bearings account for 10 to 15 per

cent of the total weight of mine cars and. their good design
promotes operational safety and easy maneuverability of
trains.

Solidly constructed trucks are essential for main'

'

'

taining proper wheel alignment of mine cars.
Wheel diameters' of cars vary from 10 to 18 inches
with the 14-ineh diameter as., the standard.

Large, diameter

wheels resist wear better and require less overall power
for motion.

Cast' iron wheels are satisfactory for haulage

speeds of up to 10. miles per hour.

For higher speeds,

wheels made of either steel or nickel-chrome-molybdenum
alloy or ductile iron are used.

A major portion of mine

car maintenance and maintenance cost depends on its wheels.
Wheel life depends on its alignment, type, size, haulage
speed, track condition, curves, and grades =

Under average

conditions, mine car wheels have an expected life'of from
1 to 3 years.

.
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Axles a,pe made usually of steel to withstand heavy
service conditions to which they are subjected.

Modern mine

cars are generally equipped with tapered roller bearings.
Roller bearings require very little lubrication, offer less
friction, and. have longer life than plain bearings.

Wheel

base of mine ears should be sufficiently long to prevent ex
cessive rocking of cars and to reduce the number of derail
ments.

.Longer wheel bases are necessary for long cars, but

too long-a wheel base may cause binding of wheels when ne
gotiating curves.

•

Mine cars should, be provided with automatic coupling
devices and bumpers.

Design of automatic couplers varies

with the type of mine ear used, and the method of dumping.
Ill -.ACCESSORY EQUIPME1T
Loading and unloading of mine ears are two major
facets in any main-haulage operation in underground.mines.
As an element of time is involved in both these processes,'
special attention should be given to their design and lay
out so that time losses during waiting, spotting, loading,
and unloading processes of trains are kept to a minimum.
Method, of loading varies from mine to mine depend
ing on mine-production and mine layout.
may be either continuous or intermittent.

Loading of cars .
Some common

methods of loading practiced today are chute loading,
scraper-slusher loading, loading by means of mechanical
loaders, conveyor loading when dual haulage is practiced,
and shuttle car loading.

Audio-visual signalling devices

must be installed at the loading points for quick and easy
spotting of cars.
• Depending on the type of.mine cars used, suitable
arrangement should be made at the shaft station for un
loading mine cars. Granby cars require a stationary or an
air-operated retracting dump block for side dumping the caps.
Solid-bottom cars need rotary tipplers (for single or multi
ple ears).

Bottom-dump cars require suitable tripping de

vices at the unloading points.

Automatic controls and sig

nals at the dumping point help in eliminating delays and
in maintaining a continuity in operation.

GHABTER V

SELECTION OF ROLLING STOCK
Selection of equipment with suitable design charac
teristics to meet the severity of service anticipated in a
particular installation is one of two important factors
contributing to the success of that operation.

Various as

pects pertinent to optimum operational results are examined
in this chapter,.

The second factor deals chiefly with the

economies of the equipment selected, and will be discussed in
the succeeding chapter,
GENERAL CONSIDERATIONS:
Selection of haulage equipment is controlled to a
certain extent by the "newness" of the mine.

In the ease

of an existing old mine, the equipment selection is usually
tempered by the nature of the mining method used and mining
conditions present in the mine.

Equipment selection for

such a mine should be done so as to establish proper linkage
and balance between existing facilities and the new system.
On the other hand, a new mine offers the advantage of pre
planning the entire haulage-system, and, hence, selection of
the right type of equipment becomes easier.
5r8

Equipment selection procedure differs from mine to
mine "because of the variat ions -in .daily product ion and. in
physical conditions of the mines®

Conditions,such as size

and. stability of mine' openings, length of ■haul roads, speed
of operation, condition of track structure, facilities for
loading and dumping, and: availability of- -power supply affect
the equipment selection.

In addition, the following funda

mental aspects should be carefully investigated, in the pro
cess of selecting suitable haulage equipment?1.

Design of equipment with respect to strength, rigidity,

capacity, and efficiency.

.

20 Method of installation for operating control, ease of
adjustment and repair, and provisions for later changes or
add it ions 6.
3o

Capacity of operation under normal or abnormal condi

tions, heavy overloads, or average capacity.
4.

Range and flexibility of operation.

5.

AdaptIblllty to automatic control devices.

6.

Maintenance and repair of equipment involving its sys

tematic inspection, cleaning,, adjustment, lubrication, and,
repair.
,7»

Standardization of equipment to benefit from the ad

vantages of duplicating apparatus for interchangeability of
units, for availability of spare parts, and for reduction
of repair parts inventory. ■

MIME GAR SELECT ION:
The capacity of mine cans is based on the following

factors
lo Size and capacity of locomotive
2, Tonnage to be handled
3» Gross section of haulage road
4„ Length of haul •
5-o Construction of track
6,

Arrangement of loading and, dumping points

To Speed of haul
80 Gradient and curvature of haul road

9o Mature of installation - whether for a new mine or for
re-equipping an existing system.
Mine cars are custom built and designed, more or less,
according to the needs of individual mines. ‘ This makes it
difficult to derive any formula that will establish defi
nitely the type or size of mine car for a particular mine
to give the most efficient results,

Main-haulage operations

generally require a careful decision regarding the size of
mine ears - large or small.

If the quantity of material to

be moved on the main-line is large, adoption of large-capac
ity mine cars is advantageous.

The following are some.of

the salient features favoring the choice of. large mine cars
over small cars:- .

lo

Large mine cars are characterized by a better "tare - load"

ratio which leads to a saving of locomotive power and thus
to a reduction in cost.
2„

Large cars equipped with roller gearings reduce train

resistance and, make possible increased, haulage speeds.
3°

Maintenance and, supervision of large cars can be more

effectively carried out.
4.

-Fewer cars are required to handle a specific tonnage,

and, hence, a decrease in capital and.operational costs
follows.
5°

Cycle time of haulage operation is considerably lowered

because of reduction in the times required for switching,
coupling, loading, and. unloading oars.

Less cycle time

leads to a saving in manshifts and also to a simplification
of auxiliary equipment installation.
6.

Length of trains can sometimes be reduced, and may there

by require shorter loading lines and smaller shaft-stations.
The limitation in the number of trains required to deal with
the output may, in.-some cases, allow a single track operation
with a consequent reduction in the size of the roadway re
quired.
7.

Spillage of material during transit is considerably re

duced with large cars.
8.

Large cars mean increased, stability, and, therefore,

fewer accidents from de-railment.

These advantages of using large cars should he
considered, together with the following disadvantages before,
the type and. size of mine car for an individual mine is
finally selected
1,

Loading of large cars may become difficult when the cars

are loaded by mechanical loaders.
2.

Large cars require bigger, wider, and more strongly sup

ported main roads.
5.

Long cars offer high resistance on curves which there

fore must be driven with a sufficient radius.
4.

The proportion of mine cars necessary for reserve pur

poses 9 amounting to about 15 per cent of the rolling stock
in operation for large cars, is greater than that required
for smaller cars, for which case 10 per cent is an average
requirement.
5=

Handling of large cars in case of wrecks and accidents

is difficult.
LOCOMOTIVE SELECTION:
Type of Locomotive:-

A preliminary survey of the mining fac

tors forming the framework within which the haulage must
operate will often lead to a reasonable approximation of
type, size, and number of locomotives suited for "a particular
mine. The factors to be surveyed are size, disposition,
length, gradient, and. stability of haul roads, position of

and arrangement at loading and dumping points, and duty in
terms of time, load, and mine-car capacity.

Usually, this

initial examination does not attempt to bring forth a de
tailed scheme for the haulage system but does assist in/the
possible elimination of a particular type of locomotivedeemed to be unfit under the prevailing mining conditions»
The following are some of the working principles which may
help in making a first determination of the type of loco
motive suited for an individual mines1,

-

A haulage road which is subject to excessive movement

of either floor or roof is unfit for trolley locomotives2„

A road of small size may require enlarging to provide

the necessary clearances for trolley locomotives, and the
cost of this may be prohibitive.
3»

A road having severe gradients of considerable length

usually precludes the adoption of battery locomotives; it
may be suitable for trolley locomotives.
4.

A deep, hot mine may be unsuitable for Diesel loco

motives.
5. - In a mine where sense of smell is important (e.g. for
the detection of fires), Diesel locomotives may be unde
sirable.
Size of Locomotive:.-

The size of locomotive required de

pends. primarily on the number of loaded, cars the locomotive
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can practically handle in a trip.

Size and length of train

is generally controlled by the gradient of the haul road,
length of side-trabka, and track facilities at the loading
point and the tipple,

Condition of track and its profile,

rail size and its capacity, and -..track gauge are the other
factors affecting the selection of a locomotive and these
have already been discussed.
.The following characteristics are basic require
ments for all heavy-duty locomotives:1.

The locomotive must have sufficient weight to:
(a) .start and. accelerate the train to running speed
within a reasonable distance
(b)

haul the trip on the steepest up-grade

(c)

stop the train moving down on the steepest down
grade.

2,

The motors must have sufficient .capacity to prevent

overheating, particularly on long hauls.
To meet the above two conditions satisfactorily, the
selection of locomotives must be based on certain traction
calculations.

These calculations constitute the theory of

mechanical haulage and are derived from fundamental laws
of mechanics and electricity.
THEORY OF MECKMICAL; HAUWE:.
A variety of forces which oppose the movement and

speed of the train are present in a locomotive haulage opera
tion*

In order to move the train, a force must be provided

by the locomotive equal to or greater than the sum of all
resistances to the motion of the train. , This force is
generally referred to as the tractive force or tractive
effort and, is defined as the total pulling force, in pounds,
exerted by the locomotive at the rims of the driving wheels.
The tractive force required to move a given weight of train
over a haulage road is.dependent on the physical character
istics of the haulage road and on acceleration and speed.
The tractive force must be sufficient to overcome the re
sistance values imposed by grades, curvature, rigidity of
rails and road bed, temperature, and speed of train.
Tractive effort is limited by the coefficient of
adhesion between the locomotive wheels and the rails.

Co

efficient of adhesion .is expressed in per cent of the weight
of the locomotive supported by the drivers.

Table V shows

the values of coefficients of adhesion between driving
wheels (chilled cast iron or steel) and steel rails under
a variety of conditions.^

For average mine conditions, the

coefficient of adhesion is generally assumed as 25 per cent.
T ----------------------

"Locomotive Selection Procedure," Technical Report from
Plymouth Locomotive Works, Division of the Fate-Root-Heath
Company, Plymouth, Ohio, p. 61
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TABLE V
GGEFFICIE1TS OF ADHESION

Uns ended Rails

Sanded Rails

Track Condition
Chilled Cast
Iron Wheel

Steel
Wheel

Chilled Cast
Iron Wheel

Steel
Wheel

Most favorable
conditions

28 %

35 %

32 ^

40 %

Clean dry rail

18 %

25 %

24 %

30 %

Dry rail

14 %

18 %

19 %

24 %

Slippery, moist
rail

12 %

15 %

16 %

20 %

9 %

11 %

12 %

15 %

Dry, snow
covered rail

Forces opposing the movement of the train are due to:
lo

Internal resistance of the locomotive caused "by friction

"between its various moving components
2=

Journal resistance

3=

Track resistance

4.

Air resistance

5®

Curve resistance

6,

Grade resistance

7®

Acceleration resistance

8o

Starting resistance

\

Forces 1 to 4 unite to comprise train resistance and
are measured "by the number of pounds resistance offered per

ton of train weight moving at constant speed, on tangent
level track»

They are always present during the train move

ment whereas the remaining resistances are present only
intermittently.
Journal Resistances-

Journal resistance is caused by the

friction between the journals and the bearing surfaces.
Journal friotionrpar ton, in ease of cars equipped with plain
bearings, Is found to decrease with heavier wheel loads and
good lubrication.
Track Resistance;-

'
When the track, is subjected to the action

of wheel loads, depression of the rails occur just at the
point of wheel-rail contact.

As a reaction against this de

pression, the rail portion immediately in front of the con
tact point has a tendency to bend upward.

These two actions

on the rail - deflection and reverse bending - absorb energy
and add resistance to the motion of the train.
ance is called track resistance.

This resist

Track resistance may be

decreased by increasing the weight of rail and the stiffness
of track structure.

Rolling resistance and flange.resist

ance may be considered as the components of track resistance.
Rolling resistance is caused from friction between
the wheel tread and the head of the rail, and also from a
minute amount of flattening of the surfaces in contact.

The

value of rolling resistance depends on the coefficient of
rolling friction between metals which decreases as the load
is increased«

Coefficient of rolling friction is affected

by a number of variables such as the type of metals in wheel
and rail, and the condition of wheel and rail surfaces whether dirty or clean, wet, oily, or rusted.
Flange resistance results- from the friction between
the wheel flanges and the edge of the rail.

Its value varies

and greatly increases on crooked tracks, causing ea.rs to
sway and the flanges to bear against the edge of first one
rail and then the other.

Theoretically, flange resistance

is- found to vary inversely as the length of the wheel base.
Resistance due to trailing load in a train may be
considered, as a combination of journal friction and track
resistance.

Expressed in pounds per ton of load hauled,

trailing load resistance varies between 1 and 2 per cent of
the gross load depending largely on the type of bearings
used.

For ears equipped with roller bearings this resist

ance is about 1 per cent or 20 pounds per ton, and for those
with plain bearings 1.5 per cent or 30 pounds per ton.
However, the resistance.values may increase to as much as
10© pounds per ton with dirty tracks and wrong or insuffi

cient lubrication of the bearings.

Thus, it is important

whenever possible to determine the actual journal friction

and track friction of the equipment being considered for an
individual mine by observing the equipment in operation.
The following relationship facilitates the determination of
trailing load resistances
D - (R + R )
S o ,
K

—

t

where: R^
D
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= trailing load resistance in pounds per ton
= available drawbar pull of locomotive in
pounds

Eg. = resistance in pounds due to grade
R0

= resistance in pounds due to curvature

Ws = maximum weight of,trailing load in tons at
which slippage of locomotive wheels just
begins to occur.
Air Resistances-

Air resistance for ordinary train speeds

varies approximately as the square of the impact velocity
and directly as the. cross-sectional area of the rolling
stock.

However, air resistance is of little consequence at

the usual traction speeds in mine haulages and is usually
neglected.
Curve Resi stan c e C u r v e resistance is the resistance or
"drag11 on a train which must be overcome by the tractive
effort in rounding a curve. The difference'between resist
ance on a curve and on tangent level track divided by the

degree of carve gives the curve resistance in pounds per ton
per degree of curvature.

For traction calculations, curve

resistance is estimated, from 0,5 to 1 pound but 0,80 pound
per ton of train weight per degree of curvature is generally
the accepted figure.

Curve resistance becomes negligible

when curves in the haulage road have adequate radius and
proper superelevation and when the equipment selected meets
the minimum wheel-base requirements.
Orade. Resistance;-

Grade resistance is the resistance

offered by an increase in elevation in the haulage road and
is a major element In limiting the tractive ability of a
locomotive.

For haulage calculations, the grade resistance

is considered to change uniformly with grade and is assumed
to be 20 pounds per ton for each per cent of grade.
Gradient poses two problems from the standpoint of
traction:

that of hauling a train up-grade and that of

stopping a train moving down-grade.

In the first ease, the

tractive effort exerted by the locomotive should be suffi
cient to overcome the combined effect of train resistance
and grade resistance and, also, to accelerate the train up
the grade.

In the second case, the problem also involves

safety of operation in addition to the mechanics of retarda
tion.

Thus, the steepest gradient, either plus or minus,

encountered in the haul road and the expected train capacity

determine the size or weight of the locomotive.

Maximem

train weight, maximum speed., and safe- stopping distance are
all related, to the road gradient and, hence, to the size of
the locomotive..

Figure 6 shows the haulage capacity curves

for different locomotive sizes. (8 to 50 tons) on various
grades (0 to 5 per cent).

The values for the curves have

been obtained on the assumptions that the locomotive wheels
are of rolled steel (25 per cent coefficient of adhesion)
and that the mine cars are equipped with roller bearings .
(20 pounds per ton rolling friction).

For example, on a

5 per cent grade, a 30 -ton locomotive will have a gross

hauling capacity of 100 tons.

This is obtained, in the ■

following manner:
Weight of locomotive = 30 tons or 60,000 pounds
With a 25^ coefficient of adhesion, the locomotive
on a level road can exert at its drawbar 25^ of its weight
or 15s000 pounds.
With a 5% grade against the load, the available
d,rawbar pull is reduced, by the total weight of the loco
motive, 30 tons, times the grade resistance of 20 pounds
per ton, times the grade in per cent, 5 , or:
3.0 x 20 x 5 = 3,000 pounds

TiO-tfOn
30-bon
00—iton
l5-:ion
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Thus, the available drawbar pull on a 5 per cent
grade Is (155OOO - 3 ,000 ) or 12,000 pounds.
With a rolling friction of 20 pounds per ton and a
grade resistance of 20 x 5 or 100 pounds per ton, the total
resistance due to the trailing load Is 120 pounds per ton.
Then^ the haulage capacity of the locomotive in gross
tons
available drawbar pull in pounds
—

resistance to trailing load in pounds
per ton

=

12,000 / 120 or 100 tons

The curves in Figure 6> may be used as a guide for
selecting the required size of locomotive on the basis of
the steepest gradient existing in a main-haulage road.

Sup

posing it is required to haul 10 loaded cars (equipped with
roller bearings) with a gross weight of 15 tons each from
the leading point to the .tipple, against a maximum grade of
2 per bent. . Then, from the figure, a 20-ton lojcoaotive with
a gross hauling capacity of 153 tons on a 2 per cent grade
will be suitable for the job..
Acceleration and. Retardation:-

The rate at which a loco

motive can accelerate a train is sometimes significant as
it may have an appreciable effect on running time, -track

capacity, and. on safety. ' Under average conditions, the
force to accelerate a train is often neglected.

When the

locomotive has to start a train against severe grades, how
ever,. Investigation of acceleration becomes imperative.
1
Sceelerative .force may be„found from the following formula :
2

w v

^
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2 g L

= accelerative force in pounds
w = weight of train in pounds
v = terminal speed of train in feet

per second

L = distance in feet to reach theterminal
velocity
g = acceleration due to gravity, 32.2 feet per
second2.
In a more practical form, the above expression can be re
duced to:
■P'q

where:

2,000 W I2 (5,280)2
660S W IT2
-- !
-- :
--- — "
■= ' ------- !
2 x 32o2 L ( 3 , 6 0 0 L

oooooo .(T)

Fa = accelerative force in pounds
W = .weight of train in tons
V = terminal speed of train in miles per hour
L = accelerating distance in feet

In equation t>f only the translational velocity of the train
is considered..

But the accelerative force must impart both

velocity of translation to the train and velocity of rota
tion to the wheels, . Allowing about 5 per cent for the ro
tative effort, the above expression becomes:
70 W i2
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When the force of acceleration is expressed in terms of
pounds per ton of train weight,

then,

Fa
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Force required to accelerate from one speed to another may
be deduced from equation 9,

In that ease,
70 (V22
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L
where 7g and

are respectively the final and, the initial

speeds in miles per hour of the train.
Distance L required, to accelerate from a speed of
miles per hour is given by:

to Vg
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When the drawbar pull (in pounds per ton) available
for acceleration on level track Is known, the accelerating
or decelerating force for various speeds can be determined
for any gradient by subtracting the grade resistance (in
pounds per ton) from the drawbar pull available for acceler
ation on level track*

Also, when accelerative force in

pounds per ton (Fa1 - which is the unit tractive effort
available for acceleration) is divided by 20 , the result
indicates the grade up which a train can move at a given
speed.
The theoretical braking distance (retardation) for
stopping a train may be found by means of the foregoing
formulae, but then, Vg and

must be interchanged.

Desig

nating the retarding or braking force in pounds per ton by
F-^'g and the stopping distance in feet by L, then,
70 (V]2'- v22 )
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The braking effort of the locomotive may be assumed,
for all practical purposes, as 80 to 85 per cent of the loco
motive tractive effort.

Starting Resistance or Resistance of Inertia:-

Starting re

sistance is commonly from 1,5 to 3 times as great as train
resistance but falls off rapidly as the train increases
speed.

Generally this resistance is neglected in mine haul

age calculations as the usual practice is to start the loco
motive on sanded rails which increases the coefficient of
adhesion and, hence, the locomotive capacity,
HORSE-POWER REQUIREMENTS:
Specifications for locomotives generally indicate
tractive effort at various speeds,

From this, the approxi

mate horse-power may be obtained from the following formula:
(Tractive Effort) x (Speed in miles per hour)
Horse-Power = -:
-- --375
Tractive effort of a locomotive is generally re
stricted. by two limiting factors.

The first is the point at

which the drivers begin to slip as determined by the ad
hesive coefficient between the wheels and the pail.

The

second is due to the heating of traction motors at full
load and. high current value.

As the heating does not occur

at once, it is permissible to overload a motor for a limited
period.

Generally., the traction motors are specified by-

two ratings, the continuous and the hourly.

The rating of

an electric locomotive is the rating of the electrical
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motors whieh. drive it and these have the asoal current time relationship-,

-

Continuous rating of an electric locomotive is that
maximum tractive effort which"the locomotive can exert
continuously without endangering the motors.

It is the

heaviest load the locomotive can handle continuously with
safety "but. is: not the maximum load that the locomotive is
capable of handling.

The continuous rating is based on

that continuous current and corresponding tractive effort
which gives, at sea level, a motor temperature rise not ex
ceeding 75 ° Cs starting with a cool (25° C) motor.
The hourly rating is based on that current and trac
tive effort which ean.be exdr ted. for one hour without harm
ing, the motors' by raising the temperature of the motor to
75° G in one hour at sea level,
For an electric locomotive performing'constantly
over single or multiple shifts, the best way.of determining

hors e-power requirements; is to make all calculations on the
continuous ampere capacity basis.

This is facilitated, by

using the characteristic curves of the individual motors
published by the locomotive manufacturers,

Staley

2

gives a

V, W. Staley, Mine Plant Design, 2d ed,, McGraw-Hill Book
Company, Inc,, Hew York, Toronto, London, 1949, pp= 445-457»

detailed description for calculating the motor capacity of
mine locomotive motor.

Calculation of the duty cycle for

the locomotive motor and basing the selection of locomotives
on such calculation ensures that at no time is the loco
motive overloaded beyond its capacity.
A Diesel locomotive is rated according to the rating
of its engine.

Three ratings are used. - a 12-hour rating,

a continuous rating.which is 90 per cent of the 12-hour,
and a 1-hour rating which is 10 per cent above the 12-hour
rating.^

The 1-hour rating is often designated as the

11traction rating" of the Diesel engine.

The average loading

of the Diesel engine should not be much in excess of 60 per
cent of its traction rating if maintenance is to be kept at
a reasonable figure.

Also, the maximum load on the. Diesel

engine should never exceed, the traction rating.
When relating a selected weight and power of a loco
motive to a specific duty, the following points should be
borne in mind.

For ah electric locomotive, the maximum

tractive effort should not exceed the limits set by the
overload current setting of the circuit and the adhesion of
the•locomotive,• whereas the heating effect of the current
3

1
"
T. E. Green, Principles of Underground Locomotive Haulage,"
Transactions - The Institution of Mining Engineers, vol. 112,
1952-53, pp. 972-974.

should be within the correspondIng time rating of; the ma
chine o For a Diesel locomotive, the tractive effort
exerted must be within the maximum available at one of the
gear ratios provided for a particular speed.

Calculations

should be made for each section of the haul road as indicated
by the grade profile.

fhe locomotive finally selected should

have the capacity to withstand and to overcome the most
severe conditions existing in any particular section of the
haulage road.
NUMBER OF LOCOMOTIVES t
Number of locomotives required, for handling a spe
cific main-line operation depends on factors such as ton
nage produced per shift, profile of the roadway, haul
distance, average gradient, average haul speed:, size of
train, and time required for the train to complete one
round-trip.

The time per trip is difficult to estimate as

it is made up of a number of elements, which are all sub
ject to considerable variations.

However, by allowing a

reasonable factor of safety for the various delays and
contingencies in the operation and by conducting extensive
time studies, the number of trips that one train can make
during a shift may be determined.

If the tonnage to be

handled per shift is known, then the number of locomotives
required to handle that tonnage may be easily found.

CHAPTER VI
ECONOMICS OF LOCOMOTIVE HAULAGE
■ Performance Is the common yard-stick on which the
selection of haulage equipment is generally based.

Hauling

capacityg unit cost of equipment, and efficiency are
measures of equipment performance.

Hauling capacity is

mainly a function of the mechanical ability of the loco
motive under existing haulroad conditions; selection of
rolling stock on this basis was discussed in the previous
chapter.

The present chapter deals with the economics of

locomotive haulage based on the unit cost of rolling stock,
LIMITATIONS AND ASSUMPTIONS:
This investigation covers a particular phase of the
economics of locomotive haulage.

The analysis is conducted

on the basis of the unit cost of owning and operating the
rolling stock.

Costs pertaining to the track structure,

power transmission, loading, dumping, and other accessory
equipment needed for main-haulage operations have not been
considered in this analysis.

The need for the above men

tioned haulage equipment varies from mine to mine and since
it is hot the object of this analysis to confine to any
specific maim-haulage problem, such a course is adopted,
.
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However-s a ssmmarj of latest costs for auxiliary equipment
is provided in Tables VI, VII, and VIII in order to illusi
trate their number and magnitude,'
Further, as most of the
metal mines in the United States use only trolley loco
motives for main haulages, storage battery and Diesel loco
motives are excluded from the analysis; however, the same
procedure may be applied for analyzing the economics of
battery and Diesel operations«

Finally, the investigation

is based on the hauling capacities of different sizes of
locomotives (15 to 50 tons) under various haulroad gra
dients ;(0 to .+ 3$) and using different capacity mine cars
(10, 15 , 20, and 25 -ton capacities)Efforts to secure cost information, the operating
costs of rolling stock in particular, from leading under
ground mines., in the United, States proved unsuceessfulo
Generally, it is found that each mine has its own technique
for estimating haulage and. .equipment costs, and. that there
is no common procedure of cost estimation followed by
every mime.

One of the leading mines reported, that its

equipment maintenance costs are determined by charging all
labor and supplies used to repair production haulage motors
to a separate account.
_ _

—

Under the circurnstances, a standard

.

Don G, Jones, "Underground Transportation Study - Parts I
and II," Mechanlzationo vol. 26, April-Hay, 1962.

TABLE VI

TRACK EQUIPMENT AND INSTALLATION COSTS

85-lb Rail

)-lb Rail
Basic Track Materials
Quantity/Mile
Rail
Ties (wooden, 24" centers)
Tie plates
Spikes
Splice bars
Bolts
Joint bonds
Weld material
Cross bonds(2001 interval)
Ballast
Total materials cost

320(33-ft 1th.)
2,640
5,2SO(7"x9"xi»)
10,560(9/16ux5 ")
640
l,280(3/4"x3i")
320
•

Cost/Mile
($)

Quantity/Mile

14,520.00

272(39-ft 1th.)

6,864.00
2,640.00
834.04
886.40
185.60
892.80

Cost/Mile

($)
5,280(7"xl0"xg")
10,560(9/l6»x5i")

18,176.00
6,864.00
3,960.00
920.32

26,922.42

2,574.50
99.58
7 128.00
39,722.80

Basic track labor cost
(includes track laying,
alignment, materials
handling, welding bonds
and joints)

5,593.56

7,081.69

Total Installation Cost

32,515.98

46,804,49

271

26

99.58

26
1,980 tons

,

TABLE VII

POWER TRA1SMISSIOET EQUIPMENT COSTS

60-lb Rail

85-lb Rail

Basic TramsHiission Materials

Trolley wire
Feeder cable
Feeder splicers
Trolley splicers
Trolley feeder support (6U expansion shell unit)
Pipe extensions(in uneven roof)

Quantity/Mile

Cost/Mile
($)

Quantity/Mile

Cost/Mile
($)

5,280 ft.
795,000 cm.
5
' 5.

3,220.80
1,615.68
50.75
17.15

5,280 ft.
1,590,000 cm.
5
5

3,220.80
3,083.52
65.00
17.15

. 264
132

1,309.44
344.52

264
132

1,309.44
344.52

Total materials cost

6,558.69

8,040.78

Transmission labor cost

1,815.00

1,815.00

Total Installation Cost

8,373.69

9,855.78
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TABLE VIII

HSCELLAHEOUS MIN-HAULAGE EQUIPMENT COSTS

Equipment

Turnout, No. 3 for 60-Ib rail
Turnout, No„ 4 for 85-lb rail
Automatic switch throw for 85-lb rail
Trolley frog with arc-reducing tip
Trolley insulator
Sectional!zing circuit breaker (1,600-2,000 amps.)
Automatic block systems per set of 2 signals
Underground d.c. sub-station with 500-KW Silicon
rectifier (approximate cost)
Haulage communications systems:
Tube-type trolley wire units
Transistor-type trolley wire units
Self-contained combination loud speaker and telephone
Rotary car dumper(single car)

Cost ($)

374=00
730»00
400.00
18.35
44=00
2,300.00
475=00
47,500.00
775=00
900.00
300.00
75,000.00
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procedure for estimating the. unit costs of rolling stock as
given by Drev&ahl2 is followed, in this analysis.
COST CONSIDERATIONS:
Estimation of the hourly owning and. operating cost
of hauling equipment is a principal factor in analyzing the
equipment performance as the unit cost of equipment Is, in
most cases, a close measure of equipment performance.

-De

termination;of the hourly cost should necessarily take into
consideration the various items of cost contributing to the
total .cost of equipment.

For betteiir simulation of the

different equipment combinations, the various cost factors
of different equipment components should be treated, in a
similar manner "such that relative costs of equipment are
obtained.
Certain basic factors affecting the economic life of
rolling stock need to be examined first.

Economic life of

rolling stock depends on the rate at which the equipment is
amortized and the rate at which the maintenance and repair
costs Increase with the age of equipment. ..Depreciation cost,
which is the amount allowed for the recovery of the capital
investment on equipment, is related to the initial cost and
--r—
Elmer R..Drevdahl, Profitable Use of Excavation Equipment, ,
Technical Publications, Desert Laboratories, Inc., Tucson,
Arizona, 1961, pp. 2.1 - 2.17.

to the life of equipment«

Accurate prediction of the life

of rolling stock is fairly difficult as it depends mostly
upon the severity of conditions prevailing in the mine and
also on the life of the mine itself» For estimating pur^
poses in the present analysis, an average life of 25 years
for electric locomotives (20 years for Diesel locomotives)
3

and, 15' years for mine cars is assumed.

Various methods of

depreciation such as straight line, sinking fund, sum of '
year’s digits, declining balance, and productionv.units are
available to determine the yearly depreciation cost of
equipment.

Each of the depreciation methods has its ad

vantages and also disadvantages, in specific situations.
The straight line depreciation method is used in this anal
ysis.

'

Economic life of equipment usually depends on the
physical and technical operating characteristics of the
machine and on the cost and financial factors associated
with equipment operation.

Generally, the equipment is

considered to "be nearing its economic life when the hourly
expenses incurred on.its operation is found to exceed the
average hourly cost during the previous operations. At
this stage, the equipment is considered to be ready for re
placement and a dynamic equipment replacement policy re
quires that the equipment be replaced regardless of its
~

_______

- ,
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J, C. K. Olapham, "The Economies of Main Road Haulage,"
Transactions of Institution of Mining Engineers, vol. 117,
February,' 1958, pp. 301-23,

seemingly good condition.

However, in an tmdergrotmd oper

ation, various factors such as life of mine, mining methods
used, and conditions prevailing in the mine have a decided
Influence on the life of equipment, and hence, a definite
policy for replacing the equipment may not be easy to es
tablish.

Various methods have been developed to ascertain

the economic life of equipment but the most realistic method,
seems to be the one which takes into consideration equipment
type and size, working conditions, and number of shifts
4

operated, per day, . The.average life of equipment, in years,
is generally based on one-shift operation, and, the normal
working period for one-shift operation is 2,000 hours per
year.

When the equipment is operated on two or three

shifts per day, its., average life is considerably reduced
or its economic life is said to be accelerated.

The maximum

number of operational hours per year possible under 2- and
3-shift operations are. respectively 4,000 and 6,000 hours.
However, on multiple shift operations, it is found that
the equipment works only part of the time.

The number of

useful working hours the equipment actually operates on a
job other than a one-shift operation may be derived as
follows t

'

For 1-shift operation, number of working hours per year — H
3T
'
'
Drevdahl, op. cit., p. 2-4.
^

For 2-shift operation, number of useful working hours
per year —

(H 4-1/2) = 3/2 If

For 3-shift operation, number of. useful working hours
per year = (1 + l/2l 4r l/4l) = 7/4 1
From the above relationships, if 2,000 hours per year is
considered to be the normal working period for one-shift
operation, then, the equipment works for 3,000 hours per
year in a 2-shift operation and, 3,500 hours per year in a
3-shift operation,

The accelerated economic life of the

equipment for 2- and 3-shift operation is then:found from
the following relationship:
(2,000 hrs,/year) % (life in years)
Accelerated economic life — ----:
-— ---— :
Useful hours worked/year
In this analysis, a 3-shift operation is considered, and
hence, the accelerated, economic life for locomotives is:
(2,000 hours x 25 years) / (3,500 hours)
and, for mine cars:
or 8,57 years.

or 14,29 years;

(2,000 hours x 15 years) / (3,500 hours) .

Each item of. equipment is depreciated accord

ing to the above accelerated economic life period.
To cover interest, taxes, and insurance a single charge
of 12 per cent (6 per cent for interest, 3 per cent for
taxes, and 3 per cent for Insurance) of the average annual

investment has "been included„ The average annual Invest
ment is obtained us ing the formula:
n.-t-laverage annua,! investment'n "
---- — x (total initial invest2n '
ment)
O o o e o 0 e 6 e e o o 6 e ( l )

where:

n = economic life of equipment, accelerated or
otherwise»
.

The total yearly fixed costs are then converted into hourly
costs by dividing the former by the total number of opera
tional hours possible per year (2,000 hours for 1-shift,
4,000 hours for 2-shift, and 6,000 hours for 3-shift opera
tions).
The costs for maintenance, repairs, and supplies
are prominent features in the economics of rolling stock.
These costs are found to increase.with the age of equipment.
During the initial period's the costs are low but increase
during the later stages.

Informat ion on the precise magni

tude of such a change in maintenance costs is almost im
possible to obtain.

To overcome this difficulty, the

operating maintenance cost for the equipment is assumed as
an amount equivalent to a fixed percentage of the annual
reserve for depreciation.

For electric locomotives, this

amount may be considered to vary from 50 to 70 per cent of
the depreciation reserve (85 to 95 per cent for Diesel loco
motives).

In this analysis, a rate of 60 per cent of the
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depreciation reserve under average working conditions is
assumed to cover the cost of repairs, maintenance, and sup
plies for locomotives - For mine cars, an amount equal to
20 per cent of the annual depreciation is considered &s a
fair amount to cover the cost of repairs, maintenance, and
supplies.
Costs for power and lubrication ape difficult to
estimate as most of the mines do not keep a record of the
direct current consumption used exclusively by trolley loco
motives,

Attempts to secure information on the actual power

consumption by locomotives in mines were not successful.
Under the circumstances, the average power requirement is
assumed as 35 per cent of the numerical value of the total
continuous horsepower ratings of the locomotive traction
motors.

However, for precise work the exact percentage or

the load factor should, be determined taking into considera
tion the various resistance factors such-as grades, curves,
and speeds - all of which affect the performance of the
traction motors,

A power charge of $0,02 peg horsepower hour

is used for calculating the power costs.

Lubrication cost

is assumed.as 50 per cent of the total power cost.
A base rate of $3 =00 per hour per operator is
assumed to account for labor costs.

In addition, a certain

percentage of the base rate is allowed for fringe benefits.
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Fringe benefits vary from 25 to 40 per cent of the hourly
wageso
sis.

A 40 per cent allowance Is assumed In this analy
Two men are considered necessary for operating a train.
A 15 per cent increase on the hourly ownership and

operating cost of locomotives is allowed as indirect cost
to cover the expenses for overhead, supervision, and engi
neering.
EQUIPMENT COST IMFORMATI0Hs
The following list prices of locomotives (1962 rates)
were supplied by the Jeffrey Manufacturing Company, Golumbus,
Ohio.
15-ton locomotive, two 100-h.p. motors at $37 ,600*00
20-ton locomotive, two 125-h.p. motors at $51 ,200=00
30 -ton locomotive, -four 90-h=p. motors at $80,900.00

40-ton locomotive, four 150-h=p. motors at $94,000.00
50-ton locomotive, four 190-h=p. motors at $106 ,000.00

Capital costs of various sizes of mine cars are
difficult to obtain as, most of the cars are built to the
needs of individual mines.

However, the following average

costs are considered for estimation purposes.
_

— —
Jones, op. cit., May, 1962, p= 39°
.
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10-ton capacity

cars, 3.75 tons tare at §2,400.00

15-ton capacity

cars, 5.00 tons tare at §2 ,700.00

20-ton capacity

cars, 8.00 tons tare at §3 ,000.00

25-ton capacity

cars, 10.5 tons tare at §3 ,300.00

GOST ESTIMATION OF ROLLING STOCK:
Procedures for the determination of the hourly
owning and operating costs for a 20-ton.locomotive and a
15 -ton capacity car are shown here.

A.

20-ton locomotive:-

I - Ownership-Costs:
1.

Total Investment:f.o.b. price (including additional equipment).......

»...§51,200,00
Freight at §2.50 per 100-lb. of weight..§ 1,000.00
(Costs incurred for unloading and moving the equipment are
omitted in this estimation) •
Total of initial investment.............§52,200.00
2.

Economic Life:-

For a one-shift operationuunder average

working conditions the economic life is 25 years or 50,000
hours.

Three-shift operation would accelerate the economic

life as follows:
50,000 hours
accelerated, economic life=— — — — --- -— ——— — —
or 14.29
3,500 hours per year
years

3o

Depreciation;-

Yearly depreciation based on straight

line method
total initial investment
economic life (accelerated if applicable)

=
4=

$52,300 '
--- — -- = #3,650
14=29
■

Average Investment:n + 1
Average Investment = ____
x (total initial invest2 n■
ment)
where;

n = economic life, accelerated or otherwise=

14=29 + 1
Therefore, average investment =, -- ^— - x .(52 ,200 )
2 x 14=29
= $2.7,930
5o

Interest, Taxes, and Insurance;-

Yearly interest, taxes, and insurance cost = 12 per cent of
the average investment
= #27,930 x 12^ = $3,350
Total fixed, cost per year = Depreciation, per year 4- interest,
taxes, and insurance per year
- $3,650'+.$3,350 = $7,000
total fixed cost per year
— — -— ■
Total fixed cost per hour =• — — — — — -— — ----- -— “■
total number of operationalohours
■
possible per year

V,
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II - Operating Costss
1«

Repairss Maintenance, and Supplies;-

Assuming an amount

equivalent to 60 per cent of the annual depreciation cost
to cover this Item, the cost per year for repairs, mainte
nance, and supplies == §3,650 x 6®$ = |2,19Q .

Therefore,

cost per hour for repairs, maintenance, and supplies
yearly cost
total number of operational hours per
year
.

6000
20

Power and Lubriea,tion;Total horsepower of motors (2 - 125 h»p* each) — 250 h.p.
Assuming 35 per cent of the total horsepower rating

as the average power requirement, and a charge of §0.02 per
horsepower hour,
power cost per hour = 250 x 35^ % 0.02 = §1.80
Assuming 50 per cent of the hourly power cost as the
cost of lubrication,
lubrication cost per hour = §1.80 x 50^ = §0.90
Therefore, total hourly cost for power and lubrication
=
3=

Operating Labors-

§1.8© +#0.9© = §2.70

The hourly base rate for two operators

is assumed as §3.00 each.

Increasing this by 40 per cent

to cover miscellaneous fringe benefits., the total hourly
operating labor cost = (#3.00 x 2 ) + (3.00 x 2 ) x 40^ or
#8.,40.

7

,

.

-
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Total operating cost per hour = item (1 ) + item (2 ) -f item (3 )
= |0„3T-V #2,70-V i8o40= #llo47
Therefore9 total ownership and operating cost per hour

III - Indirect Costs;?

=

#1.17 + |11o47

—

#12.64

Increasing the above direct cost by

15 per cent to cover indirect costs such as overhead, super

vision, and engineering
indirect cost per hour = #12.64 x 15% = $lo90
Therefore, total cost per hour of a 20-ton locomotive oper
ating three shifts per day =

#12.644- #1.90

= #14.54
B,.

15-ton capacity mine cars

I - Ownership Costs
1.

Total Investment:f.o.b. price (including freight).».„.#2 ,700=00
Total initial investment

2.

Economic Life:-

#2,700.00

Assuming an average life of 15 years or

30,000 hours for one-shift operation,
30,000 hours

accelerated life for three-shift operation = -----

—

3,500 hours

per year
=- 8.57 years
3.

Depreciations-

line methods

Yearly depreciation based on straight
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De preciat ion/j1ear —
40

#2,700
•
_ $320
8 =57 years

Average Investmentz(8.57 4- 1)
„
Average Investment = _
— % (2,700) - $1,510
(2 x. 8 . 5 7 ) '

5.

Interest, faxes, and I n s u r a n c e A t 12 per cent of av

erage Investment, annual cost for Interest, taxes, and Insur
ance =

$1,510 x 12^ = #181 o00

Total fixed cost per year =• depreciation cost per year
4- interest, taxes, and insurance

cost per year
= #320.00 4- #181.00 = $501.00
Therefore, total fixed cost per hour —

total yearly cost
_______________
total number of opera
tional hours per year
$501.00
=% # 0.08
6,000 hours

II - Operating Costs;1.

Repairs, Maintenance, and Supplies;-

For mine cars, the

operating.cost is comprised of only this item.

Assuming a

sum equal to 20 per cent of the annual depreciation cost to
cover this item, the cost for repairs, maintenance, and
supplies per year =• $320 x 20% = $64.00
Therefore, cost per hour — $64 / 6,000 hours = #0.01
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Total ownership and operating cost per hour of a 15-ton
capacity mine car

= $0.08 + #0.01 = $0.09
The same procedure has'been followed for estimating
the hourly costs of different locomotive sizes and mine cars.
The results are tabulated in Table IX.
TABLE IX
USTIT COST OF HAULIIG- EQUIPMENT

I - LOCOMOTmS;.
Locomotive Size (tons)

Cost per Hour ($)

15

13.o 26

20

14,54

30

16,93

40

19o45

50

22,64

II - GABS;
Mine Car Capacity (tons)
io"

'

Cost per hour
0,08

15

0,09

20

0.10

25

0.11
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HAULAGE COSTS:
After determining the unit eost of rolling stock
components, the final step in this analysis is the calcula
tion of haulage costs per ton of material hauled by differ
ent locomotive sizes.

The hauling capacity of a locomotive,

as described in the previous chapter, depends on a variety
of haulroad conditions.

It is beyond the scope of.this in

vestigation to consider all the conditions, and, hence, only
the limitation imposed by haulroad gradient on locomotive
hauling capacity is considered.

The haulage costs are de

termined on the basis of gross hauling capacities of differ
ent 'locomotive sizes as shown in Figure .6 (Chapter V) on
various grades (0 to +3$)»

The other important condition

that is adopted for this analysis is to base the.number of
trips a train makes in an hour on assumed total cycle times
(20 to 60.minutes).

In this way, the variables (times for

loading, hauling, dumping, and return) constituting the
total time required for a train to complete one round-trip
are eliminated from the calculations.

The quantity of ma

terial hauled during a trip by different locomotives is,
determined by subtracting the total tare weight of mine cars
in a train from the gross hauling capacities of locomotives
on different grades. By knowing the quantity of material
hauled per hour (on the basis of toSal cycle times), and.
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the hourly ownership and operating cost of an entire train,
the cost per ton of material hauled is determined, hy using
the following relationship:
cost of train per hour
Haulage cost per ton =. -----------:
— ----- —-(production in x (number of trips
tons per trip) per hour)
EXAMPLE GALCDLAIIOH FOE HAULING- COST:
The foregoing discussion on hauling cost determina- .
tion is best illustrated by the following example of a 20 ton locomotive hauling 15-ton capacity cars, on level track:From Figure 6 , the gross haulage capacity of a 20ton locomotive' on level track is 500 tons.

Tare weight of

a 15-ton capacity ear is assumed as 5 tons (page 9 3 ). Gross weight., of a loaded car = (15 + 5) ■= 20 tons
Therefore, maximum number of ears in a train
gross hauling capacity of locomotive
= ----1-- 1— -------— --- — --gross.weight of a loaded car

500/20 = 25

Total hourly ownership and operating cost of a full train
(one 20 -ton locomotive

plus twenty-five15-ton capacity

ears)

= (#14.54 4- #0.09 % 2 5 ) =. #16.79
Quantity of material hauled per trip
~ (gross hauling capacity in tons — total tare weight
.
= 500 - (25 x 5) = 375 tons

of cars in train in tons)
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Assuming that the operators and the hauling equip
ment are working at peak performance for a full 60-mlnute
hour (100 per o#nt efficiency), number of round trips that
the above train makes in one hour for an assumed, total cycle
time of, say, 20 minutes per trip is equal to 60/20 or 3
trips. Therefore, quantity of material moved in one hour
r: (tons of material moved per trip) x (number of
trips per
hour)
= 375 x 3 = 1,125 tons
cost of train per hour
Hence, cost per ton of material hauled = -----;
----- ---------tons hauled, per hour
= $16.79 / 1,125 tons
= 1.49^
Similarly, the hauling costs per ton for. different
grades and equipment combinations assuming various cycle
times are calculated.

The equipment combinations and the

appropriate haulage output are shown in Table X.

The

hauling cost per ton of material hauled is plotted against
total cycle time for different equipment combinations and
haul grades and the results illustrated in the form of -a
series of curves in Figures 7 and 11.

These theoretical

"haul cost - total cycle time" curves are derived on the
basis of the following hypothetical assumptions t
1.

Locomotive haulage capacity is based on 25 per cent co

efficient of adhesion and 20 pounds per ton of rolling
friction.

102

TABLE X
PRODUCTION PER TRIP FOR DIFFERENT EQUIPMENT COMBINATIONS

Locomotive
Weight
(tons)

15

20

30

40

50

Gradient m

Production
per trip
(tons)

Number of Cars per Trail
10*

15*

20*

25-5

—

T

—
—

0.0
0.5
1.0
1,5
2.0
3.0

270
180
135
105
90
60

27
18
13
10
7
6

19
12
9
7
6
4

0.0
0.5
1.0
1.5
2,0
3,0

360
240
175
138
115
85

36
24
17
14
11
8

25
16
12
:.9
8
6

—
“

0.0
0.5
1.0
1.5
2.0
3.0

555"
360 •
265
205
.. 162
120

37
24
18
14
11
8

27
18
13
10
8
6

—
—
—

0.0
0.5
1.0
1.5
2.0
3.0

710
455
338
267
155

—
-

36
23
17
13
11
8

28
18
13
11
9
6

0.0
0.15.
1.0 .
1.5
2.0
3.0

887
578
422
332
277
200

—
—
-

45

35
23
17
13
11
8

Capacity ©f Cars in tons«

223

■

-

-

-

■

—
-

—
—
-

-

-

29

21
17
14
10

FLG’
JHg 7:

CO^T - 1^-TON jLOOPl^IVE

(15*-ton Locomotive - 10- or 15-ton capacity Cars)

11 Haulage Cost per Ton - Cents

Total Cycle Time - Minutes

&U02 p & T - 20-TQ3I LOCQmTIVE
/On Loconotive - 10- or 15-ton capacity Cars)

10 Haulage Cost per Ton - Gents

iotal Cycle Tine - -.iiniibea

9: IIAULAGC COST - 30-TQN LOO
(30-ton Locomotive - 15- or 20-ton capacity Gars)

JL6

12

10

Cost per Ton - Gents

Time - Minutes

19

18

W l S l 1 0 : IlA m c ti COST! - UQ-TOII LOCQHDTIVE
I

(LtO-ton Locomotive *■ 2 0 - o r 2 ^ -to n c a p a c ity G ars)

17

16

15
Hi
13

12
11
10

Haulage Coct per

9

8
7

6

5
U
3

2

1
0

“otal Circle Tiine - Minutes

19
18

FIGURE 11: HAULAGE COST - $0-1011 LOCOMOTIVE
(50-ton Locomotive - 20- or 25-ton capacity Cam)

17
16

15
14
13
12
11

10

Goat per Ton - Cents

9
8

7
6
5
U
3
2

1
0

Total Cycle Tine - liinuteo

2o

Haulage costs ape for a single train operating 3 shifts

per day.
3 ° Sixty minutes per hour of operation or 100 per cent
efficiency Is assumed.
4.

Unit costs are based on straight line depreciation.

5-

Ho salvage or re-sale value of equipment is considered.

6.

Interestg taxes, and Insurance cost Is taken at 12 per

cent of the "average investment.H:
7«

.

Repairss maintenance, and supply cost is taken as an

amount equal to 60 per cent of the annual depreciation.
8.

Power requirement is taken as" 35 per cent of the total

horsepower rating of traction motors.
.9.«

Labor rate is taken as 43 =00 per hour with an additional

40 per cent of the base rate to cover fringe benefits.
The following inferences regarding haulage costs on
the basis of unit costs of hauling equipment may be made
after examining the various curves in Figures 7 to 11slo

Haulage cost per ton for all locomotive - mine ear

combinations' shows a linear increase with increasing total
time required for a round-trip.
2-o■ Haulage cost per ton increases with increasing haulroad
grades.
3=

Haulage cost per ton for a given cycle time decreases

with heavier locomotives and large-capacity mine ears.

Hence, from ■an econoalcal stand-poInt, the abov-e In
ferences lead te the choice of "bigger locomotives and larger
capacity cars.

Howevers adoption of heavier rolling stock

for a partiealdr mine, is generally restricted by two. major
factors, namely, production of the mine and the dimensions
of'the hatalroad,

Cost of driving and maintaining mime open

ings increases exponentially with sige and this may, at
times,; seriously offset the. advantages gained by installing
larger hauling equipment« However, if the output of the
mine is sufficiently high, then construction of larger haulroads and. installation of larger equipment may prove bene- .
fieial in the long run.

Because of the numerous variables

associated with a mine haulage problem and of the number of
locomotive - mine car combinations possible to move a given
quantity of material, it becomes difficult to establish
break-even points between the economies of different equip
ment combinations on the basis of equipment costs alone.
However, comparison of the economies of various equipment
combinations on the basis.of unit cost of equipment helps
in obtaining a fair knowledge of the equipment suited, for a
specific operation, .

.

.

For example, consider a mine producing 10,000 tons
per shift under the following conditions;
.Haulroad gradient =

per cent against loads

Total cycle time required for a train to complete one trip
= 5 0 minutes
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Supposing that it is required to make a choice between 15-ton
locomotives hauling 10-ton capacity ears and 20-ton loco
motives hauling 15 -ton capacity earsg the conditions pre
vailing in the mine being satisfactory for either type of
1

equipment combination.
From Figure 7 and Table X, the haulage cost per ton
for a 15-ton locomotive hauling eighteen 10-ton ears on #
per cent grade under a total cycle time of 50 minutes is 608
cents.

From Figure 8 and, Table X, the haulage cost per ton

under similar conditions for a 20-ton locomotive hauling
sixteen 15-ton cars is 5<>5 cents.
Humber of trains required to haul 10,000 tons of material in
8 hours, assuming 100 per cent efficiency in operation:(a)

15-ton locomotive + 10-ton capacity cars
Quantity of material moved per trip per train
•

= 180 tons in 50 minutes

Humber of trips per tralnnposslble in 8 hours
= (8 x 60) / 50 = 9o6
Quantity moved in 9.6 trips = 180 x 9=6 =1728 tons
Cost of moving 1,728 tons per train = 1,728 x 6.8
.

= $117=50

Humber of trains required to handle 10,000 tons

= 10,000 / 1,728
= 5=8 or, say, 6 trains.
Therefore, total haulage cost per shift = $117=50 x 6 = $705=02

Ill .

(b)

2.0-toa loeomotlT®'+ .15-ton capacity eapa: Quantity moved per train per trip = 24-0 tons in 50
minutes.
lumber of trips in 8 hours .= (8 x 60) / 50 — 9.6
Quantity of material moved in 9.6 trips = 24-0 x 9.6
— 2,504 tons
Cost of moving 2,304 tons per train = 2,304 x 5°5
= #126.72

lumber of trains required, to haul 10,000 tons
- 10,000 / 2,304
= 4 . 2 or, say, 4 trains
Therefore, total haulage cost per shift = (#126.72 x 4)
=2 #506.88

Thus, a saving of nearly two trains or about #195 per shift
is achieved by using 20-ton locomotives with 15-ton capacity
ears.

Also, the heavier locomotive is capable of higher

operating speeds (speed of operation is not considered sep
arately in this analysis) which may result in a saving in the
total time needed for a trip, and hence, in the haulage cost.
Therefore, on the basis of the unit costs of rolling stock
alone, selection of the heavier hauling equipment is indi
cated to be more economical in the example cited. This,
however, should be checked with the other related conditions
prevailing in the mine before deciding on the actual instal
lation of the equipment.
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Two factors which are not considered in this analysis
but which, nevertheless, are of considerable significance in
actual mine haulage economics need to be mentioned here.

They

are z
(i) .In regular haulage operations, the degree of equipment
and operational efficiency never reaches 100 per cent but
varies anywhere between 35 per cent to 75 per cent depending
on the design of haulage system and equipment availability.
Economics of haulage operation, .whatever may be the size of
equipment used, is considerably affected by this efficiency
factor.

The degree of efficiency may be determined by ob

serving the equipment in operation and by means of time
studies.
(11)

Provision of stand-by units is another important aspect

in maintaining continuity of operation.

The requirement for

such units depends on the extent of operation end the size
and condition of the equipment used.

The percentage of

spare units needed is higher with larger equipment than
smaller equipment.

In the case of smaller units, the num

ber of units required to move a given quantity of material
is larger, and hence, an increase in the flexibility of
operation also results:.
Daily output of the mine being one of the major
factors in determining the size, and number of locomotives,
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an approximate method, of basing the size of locomotive ap
propriate for a given production may be stated, as follows:
1=

For mines producing 5,000 tons or less per day, 8- to .

10-ton locomotive.
2.

For mines producing from 5,000 to-:15,000 tons per d,ay,

10- to 20-ton locomotive.
3»

For mines producing from 15,000 to 35,000 tons per day,

20- to 30-ton locomotive
4.

For mines producing above 35,000 tons per day, 30- to

50-ton locomotive .
This, however,- is only a rough guide and its validity de
pends on the various associated conditions affecting the
haulage system.

No fixed line can be drawn between the

equipment combinations suitable for various outputs. A
number of combinations are possible but it may safely be
concluded, that the higher the production, the larger the,
rolling stock should be.

CHAPTER VII
CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH
The- following conclusions- can he made from the pre
ceding investigations:
lo

For optimum results, the design of a main-line loco

motive haulage system in an underground mine must be based
on a careful engineering analysis of the various factors
involved.

As. far as possible, the investigation should

gather all pertinent information on the local conditions
affecting the materials handling system.

No general rules

pertaining to. the design of such a system can be made from
this investigation, but the advantages to an engineer faced
with the problem of selecting suitable haulage equipment
are clear.

If such an analysis is made prior to selecting

equipment, the engineer will have a better foundation on
which to base his selection.
2.

Special efforts must be made to maintain a good track

structure which forms a major cost component in locomotive
haulage systems.
3.

'

The factors seriously affecting the haulage capacity

and speed of operation such as steep haulroad gradients
114
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and sharp carves must be kept t© a minimum.
4,

Hauling equipment selected must adequately meet the de

mands of the producing capacity of the mine; their perform
ance, size, and number should, be such that the operating
and maintenance costs are at their lowest.
5.

Bigger locomotives and larger mine cars increase speed,

of operation and, haulage capacity with an overall decrease
in haulage costs.
Future research is suggested, in the following as-.
pects of mine haulage systems:
1.

A study of the influence of haul speeds over varying

haul distances and capacities on the economics of locomotive
haulage should be made.
2„

A comparative study of the economics of different haul

age methods such as locomotives, conveyors, and trackless
equipment - the analysis being conducted on similar lines
as indicated in this thesis - should be made; the economic
limitation for each type of haulage should be determined.
3.

Feasibility of remote controlled train operations in

underground mines and the essential design features of such
a system should be studied with particular reference to the'
economies of operation.

4o

Application of modern electronic computers in program

ming optimum operation, design, and equipment combinations
of locomotive haulage systems under varying conditions of
grades, lengths, speeds, capacities should be investigated.
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