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Haul Road -1
Let me welcome you to the 46th lecture of NPTEL online certification course on Surface Mining

Technology. This lecture onward, we will start the haul road. Haul road is basically an integral
part of surface mining. All the ingress and egress are carried out through haul road only. So,
there will be three lectures on the haul road. So, this is the first lecture and, in this lecture, we

will continue with the introduction to haul road.
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INTRODUCTION

v' LEARNING BACKGROUND:
It is expected that the students taking this course lectures have a preliminary
understanding about the surface mining technology. The basic knowledge of
explosives, blasting, formation of earth crust, geology etc are already covered

in the previous courses. It is expected that a student must have passed a

course on basic geology, explosive and blasting etc.
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And before that, as we do really let us have one glimpse to the learning background for the
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INTRODUCTION

v Learning Objectives of This Course:
» To know the different unit operations associated with surface mining.
» Methods of surface mining.
» Deployment of machineries in surface mining.

» Productivity analysis of surface mining.

» Safety and environmental control of surface mining operations.

» Special methods of surface mining.
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These are the objectives of this surface mining technology course.
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INTRODUCTION

v'LEARNING OUTCOMES:
It is expected that the students taking this course lectures will be able to
envisage the surface mining operation and its technological nitty-gritty. It is
expected that a student will be abled to design the drilling and blasting

rounds for surface blasting, will be able to choose, deploy and design the

mine machineries for a set production target. The desired

environmental requirements will also be addressed.
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And the expected learning outcomes from the participant of surface mining technology course.
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v' SOME TEXT BOOKS AND REFERENCES
1. Mishra G. B., 1978, Surface Mining, Dhanbad Publishers
2. DasS. K., 1998, Surface Mining Technology, Lovely Prakashan
3. Deshmukh R.T., 1996, Opencast Mining, M. Publications, Nagpur,.
4, De Amithosh, 1995, Latest Development of Heavy Earth Moving
Machinery, Annapurna Publishers
5. Hartman H. L., 2002, Introductory Mining Engineering, Publj

Willey and sons
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And these are the textbooks and references.
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v' SOME TEXT BOOKS AND REFERENCES
6. Peter Darling, 2011, SME Hand book, SME Publication
7. Rzhevsky, V. V., (1983), Opencast Mining Unit. Operation, Mir
publications
8. Rzhevsky, V. V., (1985), Opencast Mining Technology and Integrated

Mechanisations, Mir publications
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And these are few more textbooks and references.
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INTRODUCTION

v Retrospect Previous Lectures:
In previous lectures, the phases of mining a deposit are discussed. The unit
operations associated in every phase is also explained. The commencement of
mining excavation through opening of box cut is discussed. The unit operation,
Drilling technology is discussed. The different drilling procedures, drilling patterns

required and machine operations are also discussed. Blasting technol d sum

of the machine operations,e.g. and excavation by ripper are also dis¢®* *45hovel

and dumper deployment for loading and transportation is also dis;

s i |

And let us see, retrospect so far up to that lecture number 45, what we have covered. So, in a
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concise way, we can say we have covered the phases of mining a deposit. We have covered the
commencement of surface mining, through the opening of box cut. We have already covered the
drilling technology; we have already covered the bench blasting technology, and we have also

discussed related to the excavation of the blast fragmented rock mass by shovel.

We have discussed the transportation of the blast fragmented rock mass through the dumper.
And apart from that, we have also discussed the blast free excavation techniques using ripper and
using surface minor also. And we have discussed the operation of dragline, we have discussed

the operation of bucket wheel excavators. So, all these are already covered.
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INTRODUCTION

v Retrospect Previous Lectures:
Apart from these, the excavation with surface miner and bucket wheel excavator
are also discussed. The removal of overburden rock for direct casting using a
dragline is also discussed. The highwall excavation techniques namely mining etc

are also discussed.
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And we have also covered the highwall excavation techniques, which are recently being popular

in the mining industry.

(Refer Slide Time: 02:41)

INTRODUCTION

Learning Objectives of This Lecture:

» To understand importance of haul road in mining

» Tolearn the key components of a haul road

» To understand the basic concept of designing of haul road

» To understand the problems associated with haul roads
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So, we will start this lecture on haul road. So, the objective of this lecture, these three lectures are
to understand the importance of haul road in mining. To learn the key component of a haul road,
to understand the basic concept of designing a haul road and to understand the problems
associated with haul road. So, what could be the possible sources of dangers or accident, we will

discuss also on those topics at a later stage.
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HAUL ROAD

Haul roads are the roads in open cast mine that connects
the point of collection of coal/minerals to the loading
point of that minerals from there it can be sent to
beneficiation plant, or the roads that connects the point
of collection of waste or overburden to the point of its
discharge
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So, if we think that what is haul road? Haul road are the roads in surface mine, that connects
different points in the surface mine as well as connect the surface mine with the outside of the
mine. So, from pit top to the pit bottom, the access is basically provided by the road called haul
road. So, the name haul road is basically for the hauling of the man and material.

So, if you can see this is the transporting equipment dumper, which is moving. And the
movement is on a haul road. This is a schematic figure, how the haul road is basically provided
in the mine to have a ingress. And this is a photographic view of the different haul roads. So, this
is the haul road, this are some of the other connecting roads. And these are the different portions

of the haul roads you can see, this are the haul roads. How the haul road is moving. So, this can
be seen in these photographs.
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HAUL ROAD e

Haul roads is basically the road to ingress and egress in a surface mine
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Haul roads is basically the road to ingress and egress in a surface mine
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HAUL ROAD e

Haul roads is basically the road to ingress and egress in a surface mine
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Now, let us have one visit sitting on a dumper, how the haul road is looked from the view of the
dumper operator. And let us have that video, this video is shared to us by Satyabrata Behera. Let
us look into this video, you can see this is the haul road. And this is a 100 tonner dumper. This

100 tonner dumper, the dumper is moving on to the haul road.

You can see the dumper is jumping occasionally, that means the smoothness of the top surface is
not that much. Because of the temporary nature of the road, that much cost is not provided. So, it
is not that much smooth, but it is tried to maintain as level as possible. And you can see the

waters are sprinkled for the dust suppressant also.

And that is why, the road can be observed a little bit wet in nature. And this is the dumper which
is moving you can see from the driver’s point of view how the other things can be seen. So, this
is the turning. So, this is called ramp of a haul road, as it is moving in the downward or upward
direction. That is why it is called a ramp in the haul road. So, this is the haul road, which is made

and the benches can be seen.

As this is an iron ore mine, so, you can see, the blue dust can be seen in the bench, in the front.
These are the blue dust. And now dumper is approaching towards the excavator, the shovel
which is loading the machine. So, it can be seen the dumper is coming onto the haul road. And
the haul road is kept very wide and at the position where the excavator is working, the position is
also made wide for the positioning of the dumpers properly and as well as the targeting of the

dumpers in the area properly. So, this is one view of the haul road. This can be seen here.
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HAUL ROAD

Why a proper and good haul road is important ? ?
.___—q
+ About 50 % of the operating cost is consumed in
hauling the material and haulage support
* Poor haul road means high hauling cost
* Poor haul road diminishes the dumpers/ haulers life

Surface Mining Costs
Open pit mining 250kt/day 500m depth
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Why a proper and good haul road is important ?

+ About 50 % of the operating cost is consumed in
hauling the material and haulage support

* Poor haul road means high hauling cost

* Poor haul road diminishes the dumpers/ haulers life

Surface Mining Costs
Open pit mining 250kt/day 500m depth
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Why a proper and good haul road is important ?
+ About 50 % of the operating cost is consumed in
hauling the material and haulage support

* Poor haul road means high hauling co
* Poor haul road diminishes thd dumpers/ haulers life
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Surface Mining Costs
Open pit mining 250kt/day 500m depth
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Now, why haul road is important? If you look into the costing of a mine, we have already
discussed the cost of mining at different times. You will find out when the dumpers are used as
the transportation medium, then transportation cost is significantly high. Why? First reason is the

capital requirement for procuring these dumpers as the mode very high.

Second is that, if these dumpers are not allowed to move at a higher speed, then the number of
dumpers is increasing. So, to allow the movement of the dumper, because it is increasing the
cycle time. If the dumpers are moving slow, that increases the cycle time and that is why number
of dumpers is increasing. Because we know, the number of dumpers is depending on the dumper

cycle time divided divided by loading time.

So, if the dumper is moving, at a slow speed, then the dumper cycle time is increasing. So, the
number of dumper will be increased. So, that is why we want the high-speed movement of the
dumper and to have a high-speed movement, we want a good quality haul road, good quality
haul road is essential in this case. Apart from that dumper transportation is also another
drawback, that it is basically actual utilization of energy is almost one third in dumper

transportation.

Because it is moving, loaded, returning back empty. So, that is why the energy utilization is poor
in case of dumper transportation, but we can minimize that a little bit by reducing the cycle time

with providing the good quality of haul road and that is basically allowing the significant savings



in the cost. So, a high operating cost is there for the material transportation. Poor haul road

means the high hauling cost.

And as well as it is reducing the wear and tear to the dumper’s life significantly. So, this is one
figure, which can show that the hauling cost is significantly high. And these are other costs
related to the drilling, blasting, administration, loading, all these things are there. But hauling
cost is significantly high. And that is why a good quality haul road is very important in the

mining job. So, that is essentially, everyone is targeting on this.
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Key Components of Haul road

the road is built

V' Sub base: The sub-base provides a working
platform upon which overlying layer works can
be compacted

v’ Base: It protects the softer material below (i.e
sub base) from the weight of the truck running
on the wearing course

v Wearing course/ surface: The wearing surface
controls the road performance and road-user
interacts with the road. Both productivity and
safety are influenced by the performance g
wearing course

V' Subgrade: This is the in-situ material on which ‘) #,u(k

'
‘PP e aulPe i LN
. 24 o TION COURSES

Dr. Kaushik Dey

Nenartment of Mining Fnoineering
20 omAavwua0 =

Key Components of Haul road

v' Subgrade: This is the in-situ material on which
the_road is built e

v' Sub base: The sub-base provides a workin
platform upon which overlying layer works can
be compacted

v Base: It protects the softermateriakbelow (i.e
sub base) frora.the weight of the truck running
on the wearing course~

v' Wearing course/ surface: The wearing surface
controls the road performance and road-user
interacts with the road. Both productivity and
safety are influenced by the performance of
wearing course
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In general, a haul road is comprising four layers. First layer, the first layer is called sub grade
layer. So, in this sub grade layer, if you are not looking at this currently at the mine road, just
looking at a simple road, the first layer, it is basically a soil layer which is provided first. And
that is called subgrade layer. Above that, a drainage layer is provided which is called base layer,

which is called sub base layer.

This layer is basically comprised of, this layer is basically comprised of crushed stone. Crushed
stone and after that, this layer is basically, these two layers are basically for giving the proper
elevation, proper drainage to the road. The next layer is called base layer, this is basically some
concrete or bituminous macadam, all these things are in general used as the base layer. And this

layer is basically taking the load.

So, this is basically the load bearing layer of the haul road. And above that, we provide a layer
which is for providing the smoothness. So, this basically providing the smoothness so that, there
will not be any undulation. So, the smoothness is provided at the top. So, that is why this is made
in the top part. So, subgrade, this is the general construction. And you can see subgrade in situ
material is used on which the road is built.

So, in case of mining generally we do not provide the subgrade. We try to allow the bench top,
bench top is in general considered as the sub grade for a haul road. So, this bench top is
considered as the subgrade material. This is sometimes called embankment also, specially in
civil road etc., where there is a low elevation, you have to provide more subgrade to have the
elevation in that place.

So, this is basically providing the elevation of the road. So, in mining generally bench top is
utilized as the subgrade. So, we need not to go for that one. Base is provided as a working
platform, upon which overlying layers are worked and compacted. And this is in general
comprising the crushed stone. Base is basically to protect the softer material below the sub base.
So, from weight of the truck, which is running is basically taken by this base layer. And wearing
is to provide the smoothness that we have already discussed. So, these are the basic four layer.
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Key Components of Haul road

v Drain: Drain is provided at the side of the
haul road so as to facilitate the rai
excess water sprayed by the sprinkler.

v' Berm: berm is provided to arrest the
haulers or dumpers from falling off the road
in case of loose of control of operator over
dumper/ hauler. Berm height should be at
least half the diameter of the dumpers tyre.
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But apart from that, we also provide a drain at the side of the road. So, whenever you find out in
general, you can see a haul road is drawn like this, and this is the lower bench. So, this ditch is
working as the drain. And this elevation is called a berm, this is called safety berm. Now, this
drain is provided for removal of the rainwater or guiding the rainwater or the any over sprinkled

water, which is above this.

That is basically guided through this drain and eventually that is taken out after pumping from
some pit or some places. Generally, the water is the main enemy of a road. And that is why, it is
not intended that a road water should percolate inside the road. And it will take out the granular
soils or granular sand part from this base, sub base and the sub grade area. To take out this
granular part, washing out of this granular part is totally unwanted.

And that is why, water is not allowed in the road itself. So, that is why drain is essentially for a
haul road. In fact, maintaining of the good drainage itself can reduce 20 to 30 percent
maintenance cost, 20 to 30 percent maintenance cost of the haul road. And safety berm is
provided, so, that no dumper can topple down from here to the lower benches. Because in that
case, the damage will be significantly high.

So, this safety berm, if the dumper become a runaway, that is allowed to stuck with this safety
berm and stay on that place, so that the dumper cannot fall from a height or, not only dumper any



other flying machine cannot topple from the higher elevation to the lower elevation. So, these are

two essential components you will find in a haul road.

(Refer Slide Time: 18:25)
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Key Components of Haul road

Typical haul road cross-section and berm design with different pavement layers for 320t haul
trucks/ dumpers
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Source: Guideline for mine haulroad design by Dwayne D. Tannant & Bruce Regensburg ‘/
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So, this is basically a typical cross section shown for a 320-tonner dumper from a case study of
this book. This book is available in the website also. So, this actually, it is not book it is a

basically investigation report. So, this is available and from there it is taken, it is a 320-tonner
haul road design for a 320-tonner truck.

(Refer Slide Time: 18:57)
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Key Components of Haul road

Typical haul road cross-section and berm design with different pavement layers for 240t haul
trucks/ dumpers
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And this is for a 240-tonner truck.
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Haul Road Layers

v/ Subgrade: This portion is prepared at natural ground with the insitu material. Since this
layer is at the bottom, so it is paved well because it cannot be MSily. Itis
prepared with firm clays or over firm ground. If the sub grade is prepared with hard rock
then sub base and base may be omitted. The thickness depends upon the nature of

material. . ) ¢trva
Sub base: It is prepared by less coarse to fine fill-sand in layers M ts thickness
varies fron{ 25-28 inchey, depending upon the nature and pavement of bottom layers.

Ba.se: It is.generally prepa.red by sand & grave%oarse crushed rock in layers. It DL
thickness is kept about 8 inches.

L? ™
Wearing course/ surface: It is prepared by fine crushed rock. Its thicksess T ene aIIB
pt about 6 inches % i
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And these are the materials, which are used for making those layers. Subgrade is generally soil or
insitu material, which is commonly used. And basically, it is giving a platform, so basically firm
clays etc. are utilized here. Sub base is basically a course and fine filled sand layers or actually it
IS a crushed stone. It is a crushed stone or often mined overburden rocks are utilized here. And
this is not a very thick one.

Generally, around 70 centimeters to 1-meter thicknesses in general followed in case of sub base.
And base is basically for the mining condition. Base is provided a sand gravel coarse crushed
rock, that is the around 8 inches thickness, that is considered as the base material which is often
accompanied with some pozzolanic material so that there will be some adhesiveness in that and
that can stick with each other.

But in civil road, often that concrete or bituminous macadam, drylin concrete, macadams hybrid
between macadams all these are used as the base layer. And wearing surface for mining case
generally prepared with the fine crushed rock so that any small holes available with the base
layers, because of this relatively larger size boulders, is placed filled with this fine crushed

boulders.



But in fact, in haul road you will see there is no actually wearing surfaces provided. Basically,
above the sub base, the granular sub base which is provided which is a rubbed boulder, crushed
boulders above that basically this fine grain material is placed to provide a smoothness, avoid the
undulations and there are some cementing materials used often, clays are also used so that the

smoothness can be achieved in this.

So, basically in haul road most of the cases, it is limited to this. Wearing surface is not in general
provided but in civil road wearing surface either the pavement quality concrete or the bituminous
concrete, these are in general used as the wearing surface, which are bituminous concrete used
for the flexible road and PQC is used for the rigid road. For these two cases, these two layers are

in general used.

(Refer Slide Time: 22:19)
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For ex-pit roads, the sub-grade material is laid in layers and compacted where as in in-pit roads, the subgrade
material is the mines in-situ material which also needs to compacted. The thickness of pavement depends upon
the life of road, weight of dumpers moving over it, etc.
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We are having basically two types of haul road; one is called in pit haul road. Another is called
ex pit haul road. Suppose, we are having a mine like this, say this is the mine and any haul road
which are constructed inside this mine is called in pit haul road. But the road which is
constructed from the pit top to our point of destination, it may be a crushing plant or it may be a
dumped yard or it may be a railway siding, whatever it is, in that case that is also called haul road
but it is a ex pit haul road. There is a little difference in this, the constructional difference is

huge.
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Types of Haul Roads
/ « Temporary roads:
Vit has very Short life

Vit has minimum thickness

v'Low specification of road
construction material

v'less expensive to build

Vit is generally used for shovel
dumper movement and changes
from time to time

v Made of mine waste

Roads having substantial life few
years
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Types of Haul Roads

» Temporary roads: * Temporary roads:
Roads of Short life Vit has very Short life

v'it has minimum thickness
* Semi-permanent roads: v Low specification of road
Roads remain for few months construction material

v'less expensive to build

o Permanent haul roads: q Vit is generally used for shovel
Roads having substantial life fe dumper movement and changes

years

rom time to time
v [atle of mine waste
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Types of Haul Roads

« Temporary roads: « Temporary roads: /
Roads of Short life vit has very Short life

Vit has minimum thickness ¥~
« Semi-permanent roads: v'Low specification of road-/
Roads remain for few months construction material

v'|ess expensive to build
» Permanent haul roads: v'it is generally used for shovel
Roads having substantial life few dumper movement e
years from time to time

v Made of mine waste matey
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The main reason is that, ex pit haul road is more or less permanent and occasionally its locations
are changed, but in pit haul roads very frequently, its position, size, all these are changed. As the
mine is progressing accordingly, the haul road is also changing its position. So, based on that,
haul road is basically classified in three ways. One is called temporary road, which is having a
very short life.

Second is the semi permanent road, which are having some life of few months. And permanent
haul road, which are having a substantial life of few years. So, in this case, the temporary roads
means you are constructing a road for a particular purpose. Suppose, say you are constructing a
road for a particular lower bench for constructing a sump. Then, gradually you are abandoning
that one.

In future if it is required, again you are constructing that one, then it is called a temporary road.
So, often it is made in some places for particularly to carry out some work. So, that is a very,
very short life and this is basically made for a purpose, for a particular purpose or job. On finish
of that job, the road is also disconnected or it may be re excavated and send the material outside

the mine.

But semi permanent roads are the most major roads, most of the mine haul roads are semi
permanent road. Those are basically maintained for a substantial period and as the mine is

progressing, gradually its locations are changing. And that is why it is made in most of the cases.



And the permanent roads are basically the main road. Say suppose, if we are considering a mine

like this. So, the mine is progressing in this side.

So, this is the first ramp. And gradually we are having a second bench here. So, this is the second
ramp. So, like this a long haul road is made, which is as the mine is progressing, this is also
progressing in this direction and gradually it is working. It is made like this, and this mine is

basically moving like this. And that is why, this is a more or less permanent nature.

And this is considered as the permanent haul road. But whatever haul roads are made here, that
may be a semi permanent one. After completion of that one, that is extended towards this
direction. So, that is why these are called semi permanent road. So, most of the mining haul
roads are semi permanent in nature. And if you look into the characteristics of this one,

temporary roads are having very short life.

So, it is made of minimum thickness, low specifications are used, most of the cases only mine
spoils are used for constructing these roads. These are less expensive as its life is also less. And
generally, used for shovel number movement or the machinery movement for which that
purpose. So, it is for that particular purpose only, this is made and most this is also already
discussed.

(Refer Slide Time: 27:48)
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Types of Haul Roads

» Semi-permanent roads:

The characteristics of semi permanent roads are
Y it has medium life  //

v it is engineered to desired thickr:?:

required
v It requires high specification WOF its
construction

v it is relatively expensive to build
v it is mainly used as main haul roads for in pits
and out-of-pit hauls
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These are the characteristics of semi-permanent road, medium life, medium life engineered with

the desired thickness, better materials are used and these are the other characteristics.

(Refer Slide Time: 28:12)
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Types of Haul Roads

¢ Permanent haul roads:

The characteristics of permanent haul roads are :

v' it has very longer life

v the overall thickness of this road is very high as it has to
serve for longer time

v' it requires very high specification material

v’ itis expensive to build
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And these are the characteristics of permanent life haul road.
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Defects in haul road

The common defects in haul roads are
a) Ruttling /

b) Washboards /
¢) Ditch formation

d) Dustiness and low visibility
e) Potholes formation
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Now, we, over the period of time after the construction as the pit is under, the haul road is under
operation, that time as the machineries are moving, can found a number of defects, these defects
are called ruttling. You can see, this is called ruttling and this is washboards, you can see. This is



the imprecision of the tires happened in this case. These are the ditch formation. So, these are the

ditch formed at this place.

And this is the dustiness and these are called potholes, where a particular potion, the holes are
occurred in the haul road, that is called pothole creation. So, these are the defects in general
observed with the haul road and that is why day to day maintenance in the haul road is also

required.
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Haul road defects

Some other haul road defects /
« Crown degradation and drainage problem
* Formation of high solder and secondary djtch
* poor quality construction materials \/(
* inadequate pavement thickness and pot holes on road
* inadequate compaction of fill materials for pavements
» spillage from operating vehicles ‘/
» poor maintenance

+ Surface Undulation /
¢ Potholes formation on road
¢ Improper drainage

« Safety berms is not present
* Cracks and erosion s of the road surface
* Improper gradient, superelevation and curves
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And apart from that, these are some of the other defects. You can see the poor degradation,
drainage problem, high solder, secondary ditch, poor quality material, spillage from operating
vehicles. So, as the loaded dumpers are moving, spillage occurs. And poor maintenance of the
road, surface undulation occurs, potholes created, improper drainage. These things are also
creating problems in the haul road. So, haul road means, it demands a day-to-day maintenance of
the road is important.
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Consequences of Poor Haul Road

Health Hazard
*  Excessive jerk due to undulation causes problem in backbone of operator

* Severe exposure to whole body vibration (WBV)
* Probability of getting spinal injury to operator

* Due to WBV : Cardiovascular, respiratory, endocrine and metabolic changes
digestive problems, reproductive organ damage, impairment of vision, balance or bot
interference with activities and discomfort that could lead to accidents

Safety Hazard

*  Proper precaution should be taken to ensure safety //

*  Production may be hampered if some accident occurs

* Sometime due to poor road design, the truck get skid and operator loses its control ove
which is disastrous
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So, consequences of the poor haul road poses health hazard. Hazard poses to safety hazard and
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these are the problems, excessive jerk will lead to musculoskeletal disorder, whole body
vibrations. Injury of the operators and apart from that, there may be other problems like material

fall down from the dumper can hit someone, all these problems are occurring in this.

Apart from that, these are the safety issues, accident becoming more poor condition because the
dumpers or other flying machines has more wear and tear in this case and that may create the

safety hazard in the mine prone to the accident.
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Overall economy balance of haul road

To balance between road safety, maintenance and smooth operation of haul road, a graph is plotted
which tell us about the different component of haul road

Every road is designed to create
a proper balance between road
maintenance cost, vehicle cost
and maintenance frequency. If
this is achieved, then overall
mining cost will be optimized
venicla without jeopardizing thisa ty
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So, basically a mining management has to consider the essential requirement at this, that is the
optimization of the cost. With the cost and quality, that has to be considered while the designing
of haul road is carried out. So, this is very important for the construction of the haul road. So, let

us stop at this position. Thank you.



