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Lecture — 48
Haul Road -111
Let me welcome you to the 48 lecture of NPTEL online certification course, Surface Mining

Technology. This is the third and final lecture on haul road. And in this lecture, we will discuss
on safety in haul road. In fact, safety in haul load is very, very important. Majority of the surface
mine accident has been found is occurred in the haul road only.
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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 that is why, this is very important aspect. But as every class we do, let us have a look once
again into the learning background required for Surface Mining technology course.
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o
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 learning objectives of 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 these are learning outcomes.
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o
INTRODUCTION

v'LEARNING OUTCOMES:
The student will also have an overall idea about the special methods of
surface mining including sea bed mining, dimensional stone mining, highwall
mining etc. The students will also able to deliver the technological and

managerial requirements to the special safety requirements like slope

stability and sump management etc.
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Expected from a participant who is taking the Surface Mining technology course.
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INTRODUCTION

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, Publi

Willey and sons
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And these are some of the textbooks and references.
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INTRODUCTION

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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We have discussed also earlier that for this haul road construction maintenance, the book of
tennant is important one and may be followed by the participant, which is available in the

website also.

(Refer Slide Time: 01:40)

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
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These are the retrospect of the lectures, they can try to this haul road classes and these are
basically discussed for the phases of mining a deposit, the unit operations in every phases, the

commencement of surface mining using opening the box cut. Then unit operations, drilling



technology for creating the hole for providing the explosive. Then the blasting technology for the

fragmentation of the insitu rock mass into a sizable size, into a handable size by the excavator.

And then the excavator operations for excavating the fragmented blast muck and dumping them
into the dumper or loading them into the dumper. Then the dumpers are taking that material to
the destination either a dump, waste dump pit or a crushing plant or a railway siding. And this
shovel dumper combinations are important, that is also discussed. And we have discussed the

blast free excavation technigue also.

That is ripper, surface miner, bash, bucket wheel excavator, these are discussed. And we have
discussed dragline, which are used for a very high bench. And it basically carrying out the direct
casting of the overburden material to the internal dumping system. So, these are more or less

covered in the previous lectures.

(Refer Slide Time: 03:31)
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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 high wall excavation technique, which is a recent technology for
excavating the ore, locked in the pit high wall.
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I
INTRODUCTION

Learning Objectives of This Lecture:

» To understand importance of haul road in mining

» To learn 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

I
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And in the previous few classes, we have covered the importance of the haul road, key
components of the haul road and the basic concept of designing the haul road, these are covered.
And in this lecture, we will cover the safety features required in the haul road for its operation,
best operation.

(Refer Slide Time: 04:12)
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HAUL ROAD

Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
and eventually a reduced mining cost. The haul road
design depends on following factors:

0 Stopping Distance
U Sight distance
U Road widths

O Gradient /
U Super elevation
O Cross roads /

U Turning radius 3
U Safety berm \/ v é{
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Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
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HAUL ROAD

Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
and eventually a reduced mining cost. The haul road
design depends on following factors:
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So, basically if we are discussing about the safety, in that case, we have to look into the stopping
distance. We have to look into the sight distance, we have to look into the road width, gradient of
the road, super elevation, crossroads, turning radius and safety berm. These are the few important
aspects of a haul road which is very important. And that is basically required to be maintained

for avoiding any accident in the outdoors. Now let us look into this one by one.

Stopping distance, means what? It is basically the distance, a dumper or plying machine will
travel after you are applying the break, after you are applying the break then the distance covered
by this is called this, moving equipment is called stopping distance. This is the stopping distance.



So, that means, the stopping distance should be maintained between two consecutive vehicles.

So, that on applying the break, the operator can stop its vehicle.

Second one is the sight distance, this is basically the visibility. Visibility is having two concept,
one is that because of this fog etc what is the visibility available. Second part is that, because of
the turning etc what is the visability available. So, these are the important part, we will discuss in

details.

(Refer Slide Time: 06:04)
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HAUL ROAD

Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
and eventually a reduced mining cost. The haul road
design depends on following factors:

U Stopping Distance

U Sight distance

O Road widths—9V*
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HAUL ROAD

Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
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HAUL ROAD

Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
and eventually a reduced mining cost. The haul road
design depends on following factors:

U Stopping Distance

0 Sight distance \/
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O Super elevation "
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A road width is that whether we are having sufficient road width to move a number of vehicles.
That means, it is the one lane vehicle or two lane vehicles, how many vehicles can be allowed
that is the road width. Narrow road is basically problematic, then the vehicles have to move
cautiously in narrow roads. Gradient is the tip inclination, this is the inclination on which the

vehicle is moving.

It is also having different aspect, that basically if the gear system had fail then how the dumper
will move on this, whether the hand break or parking break will able to address that one or not.
Then or that the damper is able to withstand that gradient etc., all these are there and there are
some regulatory requirements also there. Super elevation is in general provided during the
turning, during the turning the super elevation is provided.

And these are the Crossroads when the road crossings are there. Then how that can be
negotiated, and turning radius is the radius for turning the vehicle. And if it is steep, it is very
problematic, because obviously side distance is not there. Then also the dumper cannot rotate in
that speed, sometimes the dumper turning radius and road turning radius are maybe
mismatching. So, all these aspects to be considered there.
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Haul roads and ramps are very important for a open cast
mine. By maintaining a good haul road and ramp, both
truck and other equipment maintenance will be kept low
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And finally, the safety berm which is, this is the safety berm which is not allowing the dumpers
to topple down from this. So, this is also another important aspect to be maintained in the safety

consideration of a haul road.

(Refer Slide Time: 08:05)

topping Distance\.””

* The Um distance needed for a vehicle to \<
stop
* Depends on the operatogs.reaction time, retarding “

action time delay and the time taken by avehiclg ~~ Mining Area Surface Roads
to come to complete rest. Ramps
+ Stopping distance varies with operators, type of

truck and nature of wearing surface Norkshop
* Speed limit are set according to the place Plant site and Admin

of its plying

* While descending, the stopping distance s slightly / asbiom Hine Dpond

more than on that of the level ground depending

upon the gradient on which it is plying @ g "I‘ M :C.
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So, first is the stopping distance. Stopping distance is basically having two concept. First is that,
when the reaction time, first is the reaction time of the operator. This means, when the operator is
observing that the front vehicle is stopped or front vehicle has applied the break. Or it is

suddenly observing there is a wall in the front or there is a road end, or road blockage in the front



then he has to apply break, but this observing and application of the break that is called the

reaction time of the operator.

So, that means at t time, at t is equal to O operator has observed but that his nerve sense is
sensing and he is reacting that | have to apply the break. So, he is started, he is starting the
applying break at the time t is equal to delta t. So, this delta t time is the reaction time of the
operator. So, basically reaction time is becoming more at a younger age and it is little bit became

slow for the old people.

But this also comes with the conception, that is the how the eyesight is working for that
particular operator. That is also very important in this case. So, this, this is basically changing
from an operator to operator. And this is also depending on the sense of the operator about its
breaking system. That means, operator may not be a regular operator of that dumper. So, he does
not have the knowledge that the dumper is not having a very good breaking system, that breaking

system may be a little bit slow.

And the sudden breaking may not possible. So, the he may apply breaks at a later stage or he
may take reaction time more. In those cases, that will create the problem. So, this one point is the
reaction time of the operator, second point is the breaking time of the machine. It is machine
dependent, how the break is operating in that machine. So, this two is important for the stopping

distance.

And this is operator reaction time and retarding action time delay. Your vehicle, second is that
speed limit. So, if the vehicle is at a higher speed, obviously, your breaking distance required is
more. For a lower speed, its breaking distance will be less. So, this is for this second part. And

these two part must be considered.

And that is why based on that, the stop, stopping distance to be maintained between two
consecutive vehicles or for any turning or uncited road, in those cases those speed limits must be

provided with a board sign to avoid the accidents in the mine haul road.
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Sight Distance

+ The distance measured along a carriageway from a driver to an object,
or between two driver at a specific height above the carriageway
moving in the same lane of travel

+ \Sight distance is related to stopping distance 3
*  Sight distance depends on the designed speed of the road :.> W
*  Sight distance also depends on the lowest vehicle height using the roa

* The stopping distance is important for horizontal and vertical curves

* Inthe horizontal curve, sight distance impeded by steep rock
or structures

+ Vertical curves should also be avoided to maintain sight distanc
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Sight Distance

+ The distance measured along a carriageway from a driver to an object,
or between two driver at a specific height above the carriageway
moving in the same lane of travel

+  Sight distance is related to stopping distance
+ Sight distance depends on the designed speed of the road
+  Sight distance also depends on the lowest vehicle height using the road

+ The stopping distance is important for horizontal and vertical curves
* Inthe horizontal curve, sight distance impeded by steep rock cuts, tree

or structures m
* Vertical curves should also be avoided to maintain sight distance
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Sight distance is basically the visibility, from a driver to an object. In the very beginning, we
have shown a video, which is basically showing the eye view of the driver, how the driver is able
to see from his seat about the road. So, they are the visibility what in that video has been seen, is
the visibility of the driver or the operator of the machine. And that is why, this sight distance is

related to the stopping distance.

If you see late, you will apply the break late. So, that is why proper sighting is very important.
And depending on the sighting, it is essentially required that the operator should adjust its speed

of driving, depending on the sight distance. So, this is very important part and that has to be



maintained. There are different curves may create the problem in this horizontal curve and as

well as vertical curve also.

In case of vertical curves, the road may be like this, then this vehicle and this vehicle cannot see
each other, because their line of sight are not there. So, that is why if it is looking also like this,
this is also looking like this. So, they cannot see each other. So, that is why they may not be
visible to each other. In the other way, if there is a horizontal curve and there are bushes like this,
then also this driver and this driver cannot see each other because their line of sight is also not

matching.

So, this is for the horizontal curve, this is for the previous one, was for the vertical curve. And
apart from that, in the hilly region etc. fogs are also sometimes creating problem in the visibility

of the operator or that is basically sight distance.

(Refer Slide Time: 14:13)
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But it is always desired that the operators should maintain the speed as per their sight distance.
And they must consider the sight distance should be more than the stopping distance. So, it is
always required that in this particular case, the vehicle speed should be reduced such a way, so
that sight distance should not be less than the stopping distance. So, always sight distance must
be greater than the stopping distance. And the vehicle speed has to be maintained accordingly in

each cases.
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Road widths

* The width of the haul road should be such that it
should allow ample space for vehicle movement

* Basic design consideration diminishes the risks
and improves operating efficiency

* [fthe road are narrow, it creates uncomfortable [35 73 o {=—)(=
driving conditions 2. w 2

* Inadequate clearance between dumpers or =
vehicles is a major safety hazard o ! =

*  For Indian mining conditions, haul road widths are ¥ M\h Md
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Now, this is the road width, basically if this is the seven points, this is one example taken from
the tenant books 7.3 meter, so, around 3 and a half meter is kept here, 4 meter is kept here again
this is. So, in general it is considered like this. If this is the available width, then we have to
provide, this is the dumper width. And in both sight half of the dumper width should be kept of

the clearance.

So, for the first length, it is Rw, for single length it must be greater than 2w. For double length,
this is Rw, so, it is w this is w by 2, this is w by 2, this is w, this is w by 2. So, in that case it

should be greater than 3w plus w by 2, for two lane road for single lane road. And accordingly,



this has, this has to be increased with the number of lengths. So, this is in general it is maintained
like this way. And that is considered as very safe. And one must remember this road width is

basically the plying width. So, that means this is the basically the Rw, considered for this case.

(Refer Slide Time: 17:24)
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Road widths

[ No.ofanes | Factor multipied by width ofargest truck on road
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¢ Australian haul road design follows the above
thumb rule for their haul road design T 1 l
* For switchbacks or other sharp curves, additional |1 7% T4 E T
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* InIndia, a general rule of thumb is road width B
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So, this is another example. So, it can be seen for number of lanes. This is the 2w, this is 3.5 w,

this is a 5w, this is 6.5w. So, like that way, it can be maintained in the haul road.

(Refer Slide Time: 17:47)

Gradient J
*  Road gradient are very important for inpit roads m 1
e

*  The gradient should be such that it accommodates the braking limit and

stopping distance 0
*  The gradient should not only consider the empty dumpers, but also the ‘ !
loaded dumpers. So the gradient is designed for easy ascend and

descend of loaded as well as empty dumpers/ haulers or other vehicles

* The gradient should be kept as smooth as possible to avoid the
operators changing the gears while ascending the loaded dumpers or
else it effects the gear transmission system intensely

+  The maximum gradients for different roads are tabulated here
e
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Now, this gradient is very important. And as per the rule in most of the Indian mines, this
gradient is maintained at least 1 in 12. In general, more gradient than this is not allowed. So, this
1in 12 let me write once again is in general maintained. And for a very short distance, one may
go for 1 in 10 also, but in general in surface mines, 1 in 12 is popularly maintained, considered as

the good. But, as much as flat roads are, flat roads are basically opted for.

In fact, in some of the mines modern designing is carried out in such a way, so, that the
overburden rocks are allowed to travel on a flat road to the backfield area. So, that the better
utilization of the dumper can be carried out and that system is called haul back mining. So, this is
very important designing criteria. So, gradient is very, very important and that has to be properly

maintained.

If the dumpers, etc are allowed to move on a higher gradient, that is basically creating the
overloading of the system. As well as it poses problem when the dumpers will be under repair or
dumper is suddenly got break down into the ramp. In those cases, it may create problem it may
roll back also. So, these are very important aspect, that has to be considered when the gradient
has to be measured.

(Refer Slide Time: 19:40)
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Gradient
Road type Maximum grade
Permanent surface haul roads %
Permanent in pit haul roads 10%
Temporary surface haul roads 7%
Temporary in pit haul roads 10%
On-bench roads 10%
Light vehicle roads 20%
Major bends/Switchbacks 0% b mB;:m Transéon x‘c’::“
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So, this is the general gradient as from this source, it is found generally for the different haul

roads, it is maintained.
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Super elevation

+ Superelevation is the banking of the road at curves.it
facilitates the movement of dumpers/ haulers or other
vehicles at curves

+ Itallows the dumpers to counteract the centrifugal force
acting away the centre of the radius of the curve

* The degree of superelevation provided s directly related t
the radius of the curve and desired speed of the vehicle/

B

Umpers

+ \5% superelevation should be regarded as the maximum
superelevation

* The material should be well paved to cater the loaded
dumpers where superelevation is being prepared
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Super elevation is in general provided for the banking of the road at the curves. It allows the
vehicle to counteract the centrifugal force acting away from the center of the radius of the curve.
The degree of super elevation provided is directly related to the radius of the curve and the speed
of the vehicle. In general, a 5 percent super elevation is provided and can be considered as the

maximum. And material should be well paved to cater the load.

And as well as a very important point to be remembered here the loader, loading onto the trucks
are such a, should be carried out such a way so that there should not be any fall off material from
the dumpers or trucks in the super elevated curves. So, the speed has to be controlled such a way,
the smoothness of the road has to be controlled such a way, and the elevation has to be controlled
such a way, so that these problems can be avoided in those cases.
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Superelevation

Curve super-elevation (in % ) to provide no lateral tire force (Caterpillar 1999).
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So, these are the different super elevation curve, a super elevation provided as per this reference.
So, this is the turning radius and these are the speed. And this is the percentage of super
elevation, this guideline is provided and this is the considering the tyre force as per the
caterpillar.

(Refer Slide Time: 22:00)
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* Wherever possible, cross roads should be MAIN % =
avoided Ol )
* Where cross roads are provided, the

orientation should be at 90 degree which
created a square orientation

+ Adequate sight distance of atleast 20 m is
maintained at point of crossroad

* Keep left sign at either end will indicate the

z
operators to take correct direction of travel g
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Now, the important part is the crossroad. So, these crossroads are very very critical part and they
say pose a safety threat. And ideally, generally it is not expected that there should be any

crossing. In fact, modern day civil roads have been found where the loops are given to avoid the



crossing of the roads and generally allowed the gradual entry of the, gradual entry of the vehicle.
So, these vehicles are basically allowed to enter like this.

So, that these vehicles which is coming from here, they will meet at this position. So, direct
crossing is in general avoided now a days. And that is very important, and why it is important, let
us look into this picture.

(Refer Slide Time: 22:49)
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And this can be seen this is a personal car, not personal car actually that light motor vehicles
which was carrying the mine personal. And this can be basically run over by a 100-tonner
dumper. This happened such a way, that in the night shift, that you can see the complete portion
has been away and this resulted in three fatality in this case. Now, this is happened because of
the crossroad only. And as this one is moving in this direction, this one is moving in this

direction.

So, they were not aware of each other, especially when this is a case of 100 tonner dumpers and
etc. These are having a visibility not less than 20 to 30 meter within the dumper. So, if the
dumper is at this point, an operator can see at this position which is 20 to 30 meter away from the
machine. So, that is why when the dumper is at this position, it was not possible for him to see
this vehicle.

So, as it was moved down, this vehicle entered at a high speed and just come into the, in between
the two wheels of the, or it can entered into the dumper and the dumpers rear wheels, right over
this vehicle and you can see the result which resulted the fatality also. This is happening because
of the crossroads and if the crossroads would have been avoided there and probably the roads
were made like this, then probably this would have been avoided in this case.

So, another aspect can be made at this position that the separate lane concept, separate lane
concept for light motor vehicle and the dumpers, heavy vehicles. So, that can be another concept,
multiple haul roads are also possible for the loaded and empty, loaded and empty vehicles. So,



these are the different aspects that can be considered. And that is why crossroad is very

important.
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And sufficient SOP must be provided in case of, there is a cross road situation occurs. So, this is
very important and this can be seen this vehicle was coming from this road and this is the other
road, which is moving. So, this is the other road and this is the vehicle coming from this road.



(Refer Slide Time: 26:27)
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So, these are the different crossroads situations. So, this is the crossing, road crossing. This is the

crossroad situation but fortunately it has a better visibility at this position.

(Refer Slide Time: 26:46)
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* Turning radius should be kept as high as possible to facilitate smooth
movement of haulers/ dumpers on haul roads
* Turning depends on designed speed and superelevation required for smoot|

emeqt. A table is presenteg for that.\ V2
Radius ( Speed (kmihr) ) R4
) 1 % | S| & | @ 5 127(e+ f)
| ® Th | B% | 2% | - E ‘
5 % 0% T 8% 2% = = R = curve radius (m)

V = yehicle speed (km/hr)

60 3% 8% 13% 2% 30% - .

Z super-elevation (m/m)
) 7% 5% 9% | "% | 2% | 7% {= effcient of riction
150 1% 3% 5% 8% 12% 16% between tires and road surface
215 / 1% 2% 4% 6% 9% 12% (friction factor or traction
30V 1% 2% 3% 4% 6% 8% dimensionless).
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These are the turning radius, the turning radius also depends on the velocity and super elevation,
coefficient of friction. And based on that, the vehicle speed should be controlled with
consideration with the turning radius. And in that case, these are the super elevations, that has to
be considered in the fixing the turning radius.
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And the final one is the safety berm. Safety berm is provided to arrest the toppling of the
dumpers from a height. Safety berm should be of significant height. And so, that the dumper tyre
cannot override the height, minimum half of the largest tyre height should be provided as the
safety berm. Safety berms should be provided at the crest side of the haul road. And safety berm

must be provided at the dump yard and crusher plant also.

(Refer Slide Time: 28:01)
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And improper safety dump height may result into accident like this. So, this is the accident you

can see, the dumper fall down into the crushing plant, while it is trying to unload its dump into



the crushing plant, because of the improper safety berm. This is the height, generally provided as
the safety berm. So, this height which is provided as the safety berm was not sufficient in this

site, where the dumper was tried to dump the material.

So, because of this improper safety berm, because of the improper safety berm, while the vehicle
was tried to back it on a loaded condition, it toppled back into the crusher. So, this is the accident
can be observed in case of improper safety berm. So, this is more or less about the safety in the
haul road. Let us stop our lectures pertaining to the haul road. We have already covered the haul
road construction, purpose of the haul road, haul road construction, haul road designing and we
have also covered the safety features required for the haul road. Thank you.



