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Lecture —3
Fundamentals of BMH and Transport Capacity and Productivity Concepts

To this class we are going to continue with our discussions on bulk material handling
and transport. You know that we have discussed bulk material handling and transport is
an industrial issue and there they work as a system. So, we need to understand the basic
principles behind designing such systems and then if we are to do a very cost effective
safe material handling and transportation system we need to know few basic fundamental
principles today will be discussing some of this.
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After going through this lecture you will be able to

1. Discuss the basics of transportation system for bulk materials.

2. Explain the basic principles followed in bulk material handling
system design

3. Define the capacity and productivity of bulk material handling

and transportation system

So, here after going through this lecture you will be able to discuss the basics of
transportation system for bulk materials you will be able to explain the basic principles
followed in bulk material handling and also we will be the and discuss how the capacity
and productivity of such systems are calculated or how they are how they will be dealt in
this subject in the subsequent classes.
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Material properties that affect operations of earthmovers are:
+ Weight
+ Swell
+ Compatibility

Swell is defined as the increase in volume of a material when it is removed from
the natural state and it is expressed as a percentage of the increase of volume.

Percentage Swell = (lm%m— 1.) X 100%

Load factor is the percentage decrease in the density in kg/mé of a

material from its natural state to loose state.
Egg Loose
Load factor = 2

o
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So, you know already we have discussed in the last class about the various properties of
bulk material and how they affect our how they affect the transportation and handling
systems. So, we know that these material properties which are very important those are
exactly the weight swell and their compatibility. Compatibility means the material will

have to be compatible with the system.

So, whether if it is in some cases we may have to drop the material from a height to a in
that case it may break and shatter after breaking that material whether it will be suitable
for the subsequent processes or not that is also to be considered. So, while designing a
bulk material handling system or compatibility of the handling machinery with the

processes and then with the main objectives should be considered.

Now the swirl is another very important property because whenever we are fragmenting
a rock mass or any material its volume increases. So, we know that exactly the in situ
volume of a particular say when it is there in a solid form in the minds in a as a art
material it may not be having the that it is having a volume which we normally call it as

a bank volume.

Now when we do the blasting of it gets fragmented the volume increases and then this
exactly the it depends on this load factor which is exactly with the your the density or
bulk density of the loose material and the bulk density of the natural material in situ that

is called as a load factor and from that load factor we calculate the percentage of swell as



you can see it over there the swirl percentage is one upon load factor minus one into
100% this is the way how exactly we look into.
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Properties of Bulk Materials

Major characteristics of bulk materials, so far as their handling is concerned, are:

lump-size, bulk weight, specific weight, moisture content, flowability (mobility of its particles), angles of
repose, abrasi , temperature, pr to explosion, stickiness, fuming or dusty, corrosivity,
hygroscopic etc.

Lump size of a material is determined by the distribution of —23
particle sizes. The largest diagonal size ‘a’ of a particle in mm f

(see Fig ) is called the particle size. If the largest to smallest size

ratio of the particles of a lumpy material is above 2.5, they are considered

to be unsized

The average lump size of sized bulk material = 0.5 x
(maximum particle size + Minimum particle size)

Bulk weight or bulk density of a lumpy material is the weight of the
material per unit volume in bulk.

Now when we talked about these properties of material we have already said about
different physical and mechanical properties. The most important that will affect our
system design as a basic fundamental things of our whole material handling is the lump
size the bulk weight specific weight moisture content flowability that is how the particles
move then angle of repose abrasiveness temperature then your proneness to explosion

stickiness these are the properties which we discussed in our last class.

Now when we talk about the lump size of a bulk material like your coal or rock or
aggregates there it is very difficult. Sometimes we need to talk about the average size
that is what are the minimum in that size available and what are the maximum size
available but while doing telling that is the minimum size we do not consider some of

the very fines and some very your small particles are not considered over there.

Whatever the lumps are there in that whatever the minimum size normally when they are
passing through a screen on the side basis of that screen we sometimes tell about what
could be the minimum size and then the size also it is an irregular step particles that
diagonally they are measured. So, that is how in your studies because this rum size will
be very important when you will be deciding the designing a conveyor belt system. What
should be the width of the conveyor belt will be depending on this lamp size will be

coming into those things while discussing conveyor belt.



Now this our the bulk weight or bulk density of lumpy material that which what is
exactly we found we told in the last class about the bulk density and particle density
these are very important.

(Refer Slide Time: 06:10)

Mobility not flowability of a bulk material is gener-ally
determined by its angle of repose.

When a bulk material is freely spilled over a horizontal
plane, it assumes a conical heap. The angle ‘@ of the
cone with the horizontal plane is called the angle of
repose.

Heap created by a
free flowing material

Less is ‘Q’, higher is the flowability of the bulk
material.

If the heap is shaken, the heap becomes flatter and the
corresponding angle of repose under dynamic condition
is referred to as dynamic angle of repose q’dyn' where
Pdyn is generally considered to be equal to 0.79.

We have also talked about the angle of repose in last class once again to recapitulate the
flowability that is your and mobility these two are the different things. So, that is which
are exactly determined by angle of repose when you keep the material as you can see
here if you pour the material from top it will take a shape like a cone like this. This angle

it is called the angle of repose.

Now if you taper this particular place then at that time there will be movement of the
particles then this angle will become flatter that is also called dynamic angle of repose
and sometimes we tell it as a angle of structures. Say for example when a conveyor belt
you are dumping the keeping the material the belt will be moving on the idlers at that
time there will be a shaking on the conveyor belt surface at that time the material
whatever the angle was there it will get flatter. And that angle at that time it is called
your angle of structures or dynamic angle of repose.
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Classification and codification of bulk materials based on lump size, flowability,
abrasiveness, bulk density and various other characteristics have been specified by the BIS
specification number 1S:8730:1997. The alphanumeric codification system as per this
specification is shown below:

MATERIAL [—l_l—{—l—|
CODE =

One or m ore alphabets L to Z corresponding fo
miscellaneous characteristics.

‘One alphabet H to K corresponding to Bulk Density.

One num ber 6 to 9 specifying Abbrasiveness.
t————————0ne num berf fo 5 specifying Flowability.
One alphabet A to G specifying Lump size.

In this material code, if any of the above characteristics is not known,
corresponding number or alphabet is dropped from the material code.

Now in if you read the book of Siddhartharai is a good book on bulk material handling
system based on the book of by Apple, J Apple has written another book on bulk
material handling you may find that for the standardization purposes the materials are
given some code. And our Indian standard bureau of standards this particularly
87301997 it gives exactly in the industry how the bulk materials are considered as a

code.

Sometimes this type of code will be necessary while you will be seeking some
equipment or some of the systems you want to procure then the designer they will be
requiring that once this code is given they can find out they can design the compatible
system. So, this is what you should know that exactly these standards give a five digit
codes the first number it is exactly one alphabet a to z it gives about the lump size.

That is your whether the iron ore if you are having that weather size is from which range
to what range that is given by this code. Second number gives the flow ability whether
the material is a flowable material or it is it is not flowable material because depending
on the flow ability the handling system will be different. Similarly the third number

gives a abrasiveness.

Because if it is a abrasive material then while handling it say for example some when
you are crushing some very highly abrasive material in a jaw crusher that the jaw
crushers this your that that it liner will be going wearing out similarly if you are having a

hopper in that hopper when this abrasive material will be passing through then the



hopper wall made of if it is a made of steel it will get worn out and then sometimes it

becomes very thin then may break and there may be an accident.

So, that is why such type of material when it is to be there it cannot be just ordinary silo
or ordinary bin you will have to have some liner. So, that the abrasiveness is less. So,
like that this materials will be telling what type of handling system you will be requiring.
And of course that other number it gives a bulk density because in handling density is a

very very important property.

Similarly the other code it is it is giving about the miscellaneous characteristics it has
been kept open that is in a specific cases they can do it.
(Refer Slide Time: 09:50)

Classification of Bulk Materials

Material Description of characteristics with Limits of Characteristics| Class
Characteristic
s T'ypical Examples

I. Lump size | Dusty material (cement) “amax Upto 0.05 mm A
“apax Upto 0.05 10 0.50
Powdered material (fine sand) mm B
Yy Upto 0.5 10 0.10
Granular material (grain) mm C
Small sized lumpy (iron ore) "Gy upto 1010 60 mmj D
m - 5
Gmax Upto 60 to 200
Medium sized lumpy (chipped wood) mm E
w T .
anax Upto 200 to 500

Large lump materials (boulder) mm I

Especially large lump size a0 Over 500 mm G

So, like this type of coding systems are there and then you can see here how they have
given. If you go through that standard you will find that lump size that is your what is
that a max the diagonal maximum size if it is up to 0.505 millimeter in powdery material
they have given a and similarly when you are getting a large lump size where that is your

size is over 500 millimeter that material will be called as a g.

That is by seeing the code that if you are a conveyor belt manufacturer and you are
looking for some party has asked you to give a code at that time you will see what is the
material code they have given and that is what exactly the coding system work.

(Refer Slide Time: 10:38)



(2 Flowability | Very free lowing (ccment, drysand) | Augleof repose-0020° |
Free flowing (whole grains) Angle of repose: 20°-30
Average flowing (anthracite coal, clay) Angle of repose: 30°-35
Average flowing (bitumunous coal, ores, store) | Angle of repose: 35°-40 !
Sluggish (wood chups, bagasse, foundry sand) | Angle of repose: 40 §
3. Abrasiveness | Non-abrasive (grams) | e 6
Abrasive (alumina)
Very abrasive (ore, slag) | - 3
Very sharp (metal scraps) Cuts belting of coveyors. 9
4. Bulk density | Light (saw, dust, peat, coke) L'pxn()r»un: H
Medium (wheat, coal, slag) 061016’ I
Heavy (iron ore) 161020’ J
Very heavy 201040t K

Similarly the flowability can be a very free flowing that means the angle of repose is
only 0 to 20 degree. Say for example it is a some this a mustard sheet or this day can be
if you make a hip mustard sheet will be flowing down that is a highly flowable there
code number will be given one. But similarly if you are thinking on a show mill you are
handling the show dust at that time the show dust will not be flowing it will be having

sticking you have got more cohesiveness.

So, there your angle of repose is more than 40 degree you can have it is a say five. So,
like that this code works. So, similarly abrasiveness has got some of this numbers by
which you can get then the bulk density this is also if your very heavy material like our
iron ore then your sometimes just copper ore they will be coming in the k category. But
then some of this your the medium like wheat or coal they will be having category. So,
this way the materials coding will be helpful in designing a system.

(Refer Slide Time: 11:48)



5. Miscellaneous| Acrates and develops fluid

charactenstics | Contains explosive (or extemal) dust M

Sticky

Contamnable, affecting use or saleability

Gives off harmful fumes or dust

Highly comosive

Mildlycomosive | e

N
P
Degradable, affecting use or saleability — Q
R
S
T
(

Hygroscope | e

Ols or chemcals present May affect rubber products W

Packs under pressure | e X

Very hght and fluffy (or very ligh flowability | May be swept by wnd Y
and dusty)

Elevated temperature - VA
1S:8730:1997 lists 486 different bulk materials, with their bulk densities,
flowability properties and codes.

So, the miscellaneous characteristics can be different things. So, there you have to know
if they have given some code here like that say if a sticky material you are you are
having sometimes you are having the overburden which has got very high clay content
that clay sticks say suppose on a truck you are taking the this rock mass from a mine

where there is a lot of clay content.

Then what will happen that clay will be sticking to the dumper body then when the
number is discharging the material there will be layer will be sticking over there then
next time again when it will be carrying material another layer will be sticking. So, some
dead weight will be all the time carrying though you will be counting suppose you are
taking 120 ton of material but every time maybe 5% or 10% or 2% extra dead load you

are carrying all the time.

So, in that case that dumper they will have to have say normally if it is a the moisture
content will make the thing sticky. So, if the exhaust pipe of this exhaust gases of the
dumper engine if it is made to go through some channel below the your dumper body
then it will heat up and then there will not be this formation or sticking will not be there

the scale will be dried and then it will be falling down.

So, like that in the designing of your machinery at that time also this characteristics very
important. So, while thinking of a bulk material handling transporting you will have to
take these things into. Similarly sometimes you may have a highly corrosive or mild

corrosive then that there is a different type of code is there. So, while knowing this why |



refer to consult these standards means you will be industry ready after you take your

graduation you know exactly what is happening in the industry.

So, while studying please refer to this standard and at least once just glance through. So,
this will give you an idea of this. So, there are 486 different bulk material have been
listed there then this will give you an idea that when 1 told in our introductions that why
bulk material handling is an important subject and to be to be considered little bit more

seriously in India.

Because you can serve the this our raw material supply industries like and there are 82
minerals are mined in different places as well as industrial mineral and then there are
food grains a wide range of areas where this bulk material handling is taking place.
(Refer Slide Time: 14:26)

List of a Few Typical Bulk Materials with Codes

SLNo. Material Average Bulk Density, [Angle of Repose,| Code*
kﬂ/ms degrees
1 | Alumina 800-1040 2 B2TM
Bauxite, crushed, 75Smm and
2 | under 1200-1350 D38
3 [ Cement, Portland 1500 39 A2IM
4 [ Coal, anthracite, sized 960 2 27
5 | Iron ore 1600-3200 35 D37
6 | Lime, hydrated 560-720 40
7 | Rice, hulled or polished 720-768 20 B16
8 | Sand, foundry, prepared 1440 39 D38
9 | Slag, blast furnace, crushed 12801440 25 A28
10 [ Stone, crushed 13601440 - B
11 | Wheat 720-768 28 C26N
12 | Wood chips 290-320 ES6WY

* Code of the materials may vary according to exact condition of the materials during handling

So, that is where how exactly depending on the bulk density and angle of repose some of
the codes of some of the known material are also given you please go through the
standards and you can see about it.

(Refer Slide Time: 14:40)



Essential requirements of a good materials handling system

These include :

(i) Efficient and safe movement of materials to the desired place.
(i7) Timely movement of the materials when needed.

(iii) Supply of materials at the desired rate.

(iv) Storing of materials utilizing minimum space.

(v) Lowest cost solution to the materials handling activities.

Now as a fundamental things in designing a system for handling and transportations you
must know that what are the requirements that one thing is there will have to have an
efficient and safe movement of materials. Safe move that means while the material is
going it may be transferred from one to another it will be carrying out over there then it

may go at a different speed.

So, at that time it should not give any problem to the people around it should not give
any pro that is pillage or it should not cause any environmental damage. So, it must be
safe that is the first principle will have to follow then timely movement of the material.
So, that means there should not be a lot of deadlock that is your exactly store is there
from there it is not getting cleared that means the system will have to be decided in such
a way that that is wherever there will be number of points at some point it will be

coming over there.

Some processing will be done and after that again it will be going like that in weather it
is say for example in a steel plant in the steel plant there will be different materials will
be coming over there and they will be going to the blast furnace and the blast furnace
they will be getting out the slags and all that will have to be disposed. So, there will be

lot of bulk material handling job in the steel plant.

Now in that that everywhere the time should be maintained. So, that the operational
continuity and productivity will be related to that so, that is why when we say that the

basic principle is to improve your productivity improve your operating efficiency and



there the most important point is consider about the movement that is whenever a
function is to be there you will have to maintain that the motion is going on there if there

IS a motion there is progress.

Then there should be that at what rate we are telling ok that your material is moving but
on a conveyor belt you can give a small heap of material the conveyor belt is running.
So, but that means the whatever the thorough put will be there that how many meter cube
of material is being taken every hour will be less. So, that is why you will have to move
material at a desired rate and when you will have to store you may find you go to any

mines or any steel plant.

And there are some stock years heaps of big materials are there and then also in the
mines you will find because while taking out the available mineral you also excavate lot
of overburden and waste rocks and all they will have to be kept somewhere and most
important thing is that space is money space is a crisis if you are utilizing more space in
that may be creating more environmental damage and then exactly space need to very

serious considerations in the past.

We thought that ok that art everywhere wherever is there you dump it over there nobody
bother about but from eighties onward you know that how we are concerned about the
environment and we always talk of a environmentally friendly operation green operation
in that your; the storing of the material will have to be seen very carefully and then of
course the profit we want to do a business for earning money and then why will have to
do the cost minimization.

(Refer Slide Time: 18:10)



What factors affect the transportation of bulk materials?

The weight and load factor of bulk materials vary with:

o Grainsize
o Moisture content
o Degree of compaction

Factors to determine power required to operate an earth moving machinery (dozer,
scraper etc.)

1. Rolling Resistance

2. Grade Resistance

So, then there are these are the basic principles but when you will be going to design a
particular transportation system or a handling system you will have to that is your
consider number of factors it will be coming we will be discussing in our whenever we
will be discussing say for a storage system design where we will be talking about the

transporting by conveyor belt or transporting by truck or using a hoisting.

So, those are the different material handling system will be discussing but you should
know about the because right now you are discussing about the material properties that
in that the grain size moisture content and degree of compaction thus I told yesterday in
the last class that regarding the microstructure the materials need to be properly analyzed

and seen that is very, very important.

Many times we neglect that and then we face into a problem. For example that in your
mining when you are talking about the productivity of handling and transport we tell
about that how many trucks have given how much ton of productions. But very, very
quite often we ignore the road and tire interactions particularly how the rolling resistance
and grade resistances will be affecting your productivity and capacity.

(Refer Slide Time: 19:35)



Dbjectives of well designed materials handling system

(1) Improve efficiency of a production system by ensuring the right quantity of materials
delivered at the right place at the right time most economically.

(i7) Reduce indirect labor cost.
(i1) Reduce damage of materials during storage and movement.

(iv) Maximise space utilization by proper storage of materials and thereby reduce storage and
handling cost.

(v) Minimize accident durinig materials handling.
(vi) Reduce overall cost by improving materials handling.
(vii) Improve customer services by supplying materials in a manner convenient for handlings.

(viii) Increase efficiency

So, this rolling resistance means when it is going over a when the material will be
running over a road surface at that time that tires and that your road surface if the rolling
resistance is high they will be giving a that means your more fuel will be consumed. So,
productivity is again you will be learning it is input by output that means if you are to for
the same material to handle if you use more amount of quantity of diesel then your

system is less productive.

And there it will be affected by the rolling resistance of the road. So, that is the way how
your total system will have to be an integrated approach will have to be taken. Now in a
when you are to design a very good system will have to see that the efficiency and that
can be ensured by right quantity of material delivered at the right place at the right time
economically and that is why from the rolling resistance to great resistance to the dust

generation to the water suppressions that is how the whole road will be maintained.

Or that how your exactly truck plant preventive maintenance and condition maintenance
of the truck and how you will be monitoring the diesel consumptions of the truck all
things come. So, then you will have to reduce the labour cost then where but you will
have to monitor each and everything. So, there where you will be using information
technology where you can use 10T these things exactly to reduce cost for a higher

efficiency.

Then during the transportation or handling the material should not get damaged that is

damaging means sometimes say for example if you produce lot of fines then the from the



fines in a say iron ore while taking the things from the mines to your plant if you have
produce lot of fines you cannot load the fine iron or finds to a blast furnace. Because the
blast furnace that the gas which will be coming out if it is not a lumpy that pines will be
just going away along with the flue gas.

So, that is why you will have to see that the material is not getting damaged during the
handling and transportation and as | said already the space utilization accident will be
minimized reduce cost improve customer services that is also another thing because in a
different industry you may work if you are working in the mines your customer is the
plant or the metallurgical plant. So, their requirements will have to be maintained. So,
and then increasing efficiency are the basic things.

(Refer Slide Time: 22:12)

Rolling resistance

* Rolling resistance is an important factor in the
productivity, cycle times, fuel consumption, maintenance
and safety of haul truck operations in surface mines.

+ Responsible for energy losses in materials hauling, an
understanding of rolling resistance is desirable so that it
can be better managed to improve mining operations. Rolling Resistance and the mos

” : : ; Influential Parameters
+ Rolling resistance is defined as a measure of the force

required to overcome the retarding effect between the
tyres and road and is commonly represented by a rolling
resistance coefficient, which can be determined by
dividing the rolling resistance by the normal force applied
to a truck tyre.

As | was telling about the rolling resistance you know that that when a tire is moving
over here that whole traction will be taking place because of the resistances over here.
Now this tire has got those trades and this they will be running at a different speed. So,
the rolling resistance which will be opposing the speed affects the things. So, there will

be when will be discussing about the truck.

And when will be discussing about the whole road design for an transportation purposes
we will have to take a lot of care about it and by proper design of the road surface you
can save a lot of diesel and also you can protect the environment much better way these
are the things we will be discussing in our course.
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Influential Parameters on

ory
Group Parameter

Rolling Resistance pjcfofwu
/ ¢ | Roughness
v |V v | Defects
Rosd | ¥ |V ¥ | Material Density
v Mossture Content
While considering capacity and 7| Roxd Mainicnnce
productivity of a mine [ o] [ e rescmtion
. Rolling v Tyte Diameter
transportation system
Rolling resistance of the haulroad | "**** | 1 i
olling resistance of the haul roa y Al ST

plays an important role, but very
less attention is paid towards its
evaluation and improvement System

Tyre Loading
Tyre Temperature

Truck Specd
v Dnver Behaviour

Humidsy

Weather v Preciptation

Ambicat Temperature

So, there are influencing parameters on rolling resistance that rolling resistance you have
said. Now here | am giving you a tip that why you should be studying these things little
bit more deeper that simple rolling resistance this can be affected by a that is we are
considering the capacity and productivity but that rolling resistance can affect a number
of thing that is exactly the road, tire, system and weather everything can be affected by

the rolling resistance.

Now there in the designing of the road to the construction of the road for the operational
as well as the maintenance of machinery every aspect and which aspect is affected by
what? If you see that rolling resistance for that is your the roughness of the road will be
considered for designing it that what material will be used whether will be doing it that
is where the dozer will be required for maintaining heater motor grader will be required

for maintaining it.

Or will be that in the particular area whatever the in the mines mine material itself can
make the road or will have to buy some outside material to make the road. So, that
means that a whole of your handling efficiency will be determined by this rolling
resistance one factor. Similarly in the tire that exactly tire the if your there is penetrating

to the road surface is very soft at that time the rolling resistance will increase.

So, that is here but again if your tire inflation is not proper it will be having more surface
area in contact and there will be the rolling resistance will be increasing. So, that means

the me looking into the tire and one thing you must you will be discussing while you will



be discussing about those machinery that the tire of some very large capacity dumpers
like in the mines you will be using say 300 ton dumpers or 500 dumpers and as in

foreign countries.

In India also we are having 270 ton dumper their size of the tire is having your more than
10 feet 12 feet this diameter. So, there la dumpers tires is a very costly one tire will be
costing about 20 lakhs rupees. So, in those tires if it is getting damaged because of the
rolling resistance will be your total cost effectiveness will go down. So, while bulk
material handling even some of small research initiatives you can take on finding out the
effect off.

And then even we do not have a database of our country that in the whole surface
binding operations whole querying operations in the country if it is brought on a that GIS
fund and then getting the rolling resistance of different places we can find out that what
should be the market of our tire and then what will be our how we can exactly save in
some of the; because large capacity large size diameter large diameter tires are not

manufactured in India.

That means we are our foreign exchange is getting used for that foreign the quantity
foreign money reserve get reduced if our rolling resistance is less. So, this type of that
big data analysis work can also be carried out in this.

(Refer Slide Time: 26:24)

While transporting materials on truck, the rolling resistance of the road-tyre
interaction is very important

Rolling resistance depends on:

i. Internal friction

ii. Tyre flexing

iii. Penetration f the wheel in the surface
iv. Tyre pressure

v. Tyre design

Rule of Thumb: 2% of Gross vehicular weight (GVW )

Tip for future research: Establishing the relationship between rolling resistance
and fuel efficiency




So, that is exactly the rolling resistance of the rotary interactions is one of the
fundamental things which will have to be studied over there. Because the rolling
resistance depending on how it affects by internal friction how it is affected with the
interact with the tire flexing how the penetration of the wheel in the surface road surface
will affect tire pressure how it will be affecting or the tire design even the thread design

how it will be.

So, this you can go deeper inside in but normally in the mines you will find a rule of
thumb reduced the 2 percent of the gross vehicular weight is taken as a rolling resistance
and we do the calculations and by that you can find out because of using such thumb rule
whether we have lost some money or we are gaining some money.

(Refer Slide Time: 27:11)

What machinery are involved in Bulk Material Handling and Transportation?

* belt-conveyor, screw conveyor, pneumatic conveyor
* bucket elevator, grab bucket, skip hoist,

* stacker-reclaimer,

* dumper-loader etc

* cranes / trucks when collected in containers or bags.

* Small lump (powdered / granular) materials can be handled
pneumatically or hydraulically.

* Bulk materials are generally stored on ground / floor in the
open or under shed, and also in bunkers / silos.

So, these are the some of the things you should do it then what machinery are involved
in the bulk material handling you know already in the first class introductions | have said
the belt conveyors screw conveyor bucket elevator sticker reclaimer dumper loader crane
truck then your you have got number of pneumatic and hydraulic transports you have
also sometimes been bunker silos for storage will have to be studied.
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PLANNING AND DESIGNING A MATERIALS HANDLING

Necessary
Why , What? | + Where? + When? = How?  + Who?

Materials | + Moves = Methods
Unnecessary

So, then when you design the system will have to look into that planning the whole
principle will depend on why is it a necessary or unnecessary if unnecessarily do go
ahead but when necessary what that for transportation and by handling it will have to
material that material must move that material moves by what methods and then exactly
what material where it is going when it is to be given how it is to be given and who will
monitor and maintain that whole total system will have to be designed and there you will
have to follow certain principles.
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Principles to be followed in designing bulk material handling system

1. System Principle: Integrate as many handling activities as possible encompassing full
scope of operations like receiving, storage, production, inspection, packaging,
warehousing, shipping/transportation.

2. Material Flow Principle: Plan operations sequence and equipment arrangement
to optimize material flow.

3. Simplification Principle: Reduce, combine or eliminate unnecessary movement
and/or equipment. It increases efficiency of materials handling.

4. Gravity Principle: Utilize gravity to move material whenever practicable.

. Space Utilization Principle: Make optimum use of building volume.

So, that your system principles that is your integrate the many handling activities of
encouraging full scope of operations like receiving storing production inspection
packaging warehousing shipping transporting that exactly different subsystems are there
in that whole system. This is one here all this principle you can form a group of your



four students four persons together you can make an online friends with your four
participants who are there and take one of issues and find out what are the factors

involved.

What are the different designs involved say for example if you are supplying coal from
mines to a thermal power stations then what are the different subsystems involved where
it will be received where it will be stored where it will be what type of inspection will
have to be carried out whether we have to get some packaging or where they will be

given as a container or where they will be giving standing on a conveyor or in a pipe.

So, different things can be as a brainstorming or as a some points you should find out.
So, that in our future study will be more effective. Similarly pro principle you need to
plan that what are the how it will be flowing in between where it will be storage is there
any temporary storage whether at what rate it is going. So, in the way material is getting
flown similarly you will have to principle of simplification that is you do not have any

unnecessary movement you do not have any unnecessary handling.

So, what are the unnecessary handling they could have then even you can think of that is
your when you are in your hostel or that food stuff come that is a handling material
handling whether this by if you are having in your college 10 hostels that how the
vegetables are exactly procured and how it is gone and how it is washed and how it is

going for the cooking.

There is a lot of handling system is there can there be a semi mechanized system for
doing it and then how it is done. So, but the operation will have to be simple and it will
have to be cost effective. Similarly the gravity principle when you are thinking of
sending say iron ore to a steel plant then from a hilly side it is coming and then are you
using the gravity principle sometimes that is some of the energy of the gravity.

But no mines anywhere in India is exactly getting the advantage of the direct gravity
flow without energy can we that is a node such type of shoots and bunker systems are
not there in our country. So, you can think of where gravity principle can be used then

space utilization principle each of this principle have got number of points which can be



discussed and which can be do doing in a brainstorming exercise among students may be
four or five persons group you find out what are the pertaining.
(Refer Slide Time: 31:13)

6. Safety Principle: Handling methods and handling equipment
use must be safe.

7. Mechanization/Automation Principle: When appropriate, use
mechanized or automatic materials handling equipment.

8. Equipment Selection Principle: Before selecting materials handling
equipment, consider all aspects of materials handling, e.g., materials
to be handled, moves to be made, methods to be utilized.

9. Standardization Principle: Materials handling methods and equipment
should be standardized to the extent possible.

10. Flexibility Principle: Use methods and equipment, which can perform
different tasks and applications

11. Dead-weight Principle: Reduce the dead-weight movement

12. Motion Principle: Stoppage of mobile equipment should be minimum

And for knowing a guideline you can as | have said you read process Siddharth Roy's
book Siddharth Roy is a good expert in the material bulk material handling he was a
professor at the Teacher Training Institute in Kolkata that book is a very good book
published from Delhi. Then mechanization and automation principle that wherever you

can do a automation that is now another way will have to go for studying that.

Now the basic fundamental thing is that your how will be selecting the bulk material
handling equipment. So, that what are the aspects to be considered and then how the
movement will have to be done that equipment selection principle is another very
fundamental things need to be done. Similarly the standardization principle means when
you are doing the work you do not you do not become an admin out whatever the
available in the market as a standard from there you take otherwise if your anything goes
wrong to get a spare parts will be vapor problem.

So, that means your system will have to be constructed with some standard equipment
and components. So, that it can be easily replaced and maintained and meant like that.
Similarly you should have a flexibility principle if because situation may change
accordingly your system should be adopting that that is also then dead weight principle

as | said in the dumper dead weight carrying you should avoid carrying the day to it.



So, there should be proper monitoring and how will be incorporating that similarly stop
motion principle that is your stoppages of the system should be minimum that is your if
you are having a railway gate in between the trucks with a load of a lot of your load is
waiting over there you might have seen because exactly in our country many that our
road and railway transport network they are never that is your design properly with
having a over bridge and all that thing and many places in a railway gate the trucks full

load of materials are waiting.

So, that type of material handling system is not expected that is why your rapid loading
system has come your silo and bunker loading has come that merry-go-round system has
come. So, those type of systems are based on the motion principle that merry-go-round
system means one will be that you are storing the material on a big silo it is
automatically being loaded when the truck is coming your railway train is coming over
there and the train will be going and discharging the system will be almost a continuous
system it will be working.

(Refer Slide Time: 33:43)

13.1dle Time Principle: Reduce idle or unproductive time of both
materials handling equipment and manpower.

14. Maintenance Principle: Do schedule maintenance and repair work of all
materials handling equipment to minimize outage.

15. Obsolescence Principle: Replace obsolete handling methods and equipment
by more efficient methods or equip-ment to improve operations.

16. Control Principle: Use materials handling equipment to improve production
& inventory control and order handling.

17. Capacity Principle: Use Materials Handling so that full production capacity
can be achieved.

18. Performance Principle: Select materials handling systems with higher
efficiency, measured in terms of expenses per unit load handled.

Idle time will have to be avoided so that will have to be also seen then maintenance
principle will have to be followed. Then optional is principle you should have a while
designing when this system can be should be replaced do not keep on because the
technology is changing fast and then whatever you have taken today will become

obsolete.



So, that is why do not plan having a things that your investment will be say 20 years of
uses do not say like that your return on investment should be quicker and so that you can
replace the system as and when it goes. Similarly the control principles you will have to
have a proper control on the things capacity principle that is your full production

capacity can be achieved in that we should say.

And the capacity utilization is one of the biggest drawback in our many of the systems
we have invested tax payers money for buying big machinery big systems constructed
everything but those machines being spent were purchased are used say 35 to 60% of
their capacity utilizations they may be available 90% but the effective working hours or

capacity utilization is very less.

So, that is not a judicious thing. So, how to do that that can be done by properly
designing the system. So, that there is also a performance principle will have to follow.
(Refer Slide Time: 35:08)

Any bulk material handling systems continuously move and supply bulk
materials to other equipment in a processing plant - be it agriculture,
manufacturing or mining. The basic processing technologies for these systems
include operations involving:

* Horizontal conveying

* Lifting and lowering

* Size reduction

* Mixing and separating

* Weighing and filling

* Screening, filtering and granulating
* Reclaiming

So, as | said on the basis of this you will have to get a your some group please start
working on it and then that will be your learning activity and which can be submitted it
can interact with us then any material handling system continuously move and supply
bulk materials. So, that could be whether it will be taking a horizontal conveying it will
be lifting or it will be a mix type of things.

Whether there will be a waiting and filling whether there will be screening filtering or

that different processing work will be going on or they should be dumped or somewhere



to be reclaimed those type of things also will be coming in the bulk material handling
system.
(Refer Slide Time: 35:47)

Capacity of handling is expressed in Te/hr handled.
Conveyor Capacity: Q (t/h)= 3600V. A. p
V= velocity of the conveyor, m/sec
A= Area f cross section of material on the conveyor , m?

R = density of the carried material, t/m?

Productivity= output/Input

Material transported against the deployed men power and installed
energy is a measure of productivity.

So, normally when we talk about the capacity it is that your carrying capacity that means
how much is the conveying capacity. If your say on a belt conveyor if your velocity of
treble is a v meter per second and then area of material on the cross sections of that cross
section of the material on the conveyor belt is A and if that density is rho then your

simply you can calculate how much is the tone per hour taken.

Now based on the stone per hour taken will have to design that what should be the width
of the belt how the belt will be then and all that thing and then the productivity concept
is very simple that in output by your the input. Now input comes may be different way
whether how many total man hour is being used how many rupees have been invested for
producing that. So, that is a root that is how much meter cube how much is your exactly

rupee is required for per meter cube you can say.

So, in opposite way you can say that is your rupee per meter cube your input by output
you can say about that that is the productivity.
(Refer Slide Time: 36:53)



Productivity Challenges
* Poor product flow * Inventory or process control i
* Product separation and * Self-heating
segregation * Structure vibration or silo
* Irregularity in product quality ~ quaking
* Process unpredictability * Abrasive equipment wear,
+ Equipment breakdowns erosion and corrosion
* Particle breakdown * Chute plugging and buildup
* Powder caking + Content uniformity
* Spillage
* Product flooding
* Cross-contamination
* Spoilage

Proper and efficient design, selection, operation and maintenance of bulk material
handling system can overcome these challenges to optimize producitivity

Now this productivity will be having number of challenges in a material handling system

is your poor product flow product separation and segregation irregularity in product
quality process unpredictability equipment breakdown particle breakdown powder
caking spillage lot of things may give a challenge to the productivity as and when we

will be discussing a specific handling system will have to understand these challenges.

And how to in a engineering way how by use of modern technology we can reduce this
that your productivity reducing factors.
(Refer Slide Time: 37:35)

Conclusion

* Basic considerations for designing bulk material handling and
transportation are discussed.

* Students should develop interests in carrying out learning activities
and application developments

So, what we have said here today the basic considerations for designing bulk material
handling and transportation we have very briefly told you over here. But what I

encourage here you should develop an interest in carrying out some learning activities



and application developments and that application development you can discuss amongst
your friends.
(Refer Slide Time: 37:58)
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| have given some of these books that which could be very good at the same time the
basic principles that mechanics of bulk material handling by Norman Crook is also one
very good book where you can study the basic mechanics of bulk material handling
which we will be discussing in our subsequent classes to some extent. So, | hope with
this you have got an idea of what is bulk material handling but yes you as it is said that
(FL: 38:32) if you want to you will say relaxed and without work today then you may

not get the education and wisdom.

You will have to work hard that is what that sloka says and | wish you take up some

learning activities, thank you very much.



