Bull Dozer - S5
ol Nl

Production curves based on Ideal
conditions:
1. 60 min hr ( 100 % efficiency)
2 Power shift machines with a 0.05 min fixed time
3. Soil density of 2,300 Ib / Icy (1365 kg / Im*)
r——
| 4. Coefficient of traction
Track machines - 0.5 or better

Wheel machines - 0.4 or better

And hope you remember these curves are valid only for these ideal conditions. So, 60 minutes
hour but in your project in this problem we found that the machine is working for 50 minutes an
hour. So, you are supposed to apply the job efficiency, you have to apply the correction factor
accordingly. So, this curve is applicable for power shift mode, automatic usage. So, in this problem

also you have the automatic gear change, so no need to apply the correction factor.

But this curve value is applicable for a soil density of 1365 kg per meter cube. So, in our case the
soil density is given us 1750 kg per meter cube in bank state that is to be noted the soil the bulldozer
is going to do is of density 1750 kg per meter cube in bank state that is to be noted. But the curve,
the production value what you have chosen from the curve corresponds to the productivity of 1365
kg loose meter cube. So, we need to compare both this material, now apply a correction factor
accordingly.

(Refer Slide Time: 1:21:50)
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Bull Dozer - |
rrod on mation

o Dozing operation is carried out on a downhill with 15%

grade. Operator is assumed to have average skillsa‘nd
e ety \
is operating in foggy condition. “;? o‘<

o Job efficiency equivalent to 50 min hour. W \
'__'—‘5

o Estimate the cost of proposed earthmoving operation

per bm?.

o The owning & operating cost for dozer is estimated to
be %1100 per hr and the operator's wage is 350 per fir.
0 per hr and —

Then other things like operator the curve was drawn for excellent operator skill. So, in our problem
the operator skill is average. So, accordingly you have to choose the correction factor and apply.
So, your correction factor is going to be less than 1, because it is average is going to reduce your
productivity. Similarly, the material type, material type is non-cohesive silty sand, so that will
definitely reduce the productivity.

So, the correction factor is going to be less than 1. Slot dozing, you have a lot of slot dozing method
in your problem, so that means that will help to increase productivity. So, your correction factor is
going to be greater than 1, visibility is poor in the problem what we have discussed. So, that will
reduce your correction factor, the productivity will reduce obviously we are working for 50

minutes an hour, so accordingly the correction factor should be applied.

So, in this problem we are moving down the hill, so the grade percentage is -15%. So, accordingly
you have to choose the curve supply by the manufacturer. So, corresponding to what is -15% you
have to find the correction factor. Obviously, | told you it maybe, so this is 0, the ideal curve is
drawn for level terrain, so the grade percentage may go like this. So, what is corresponding to -
15% you have to choose approximately.

So, what is the value corresponding to -15%. So, these are just representative trends, you have to

get the actual value from the equipment handbook. So, what is the value corresponding to -15%
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you can take it approximately. So, that will give you the correction factor, obviously in this case

the correction factor is going to be greater than 1, because it is going to enhance the productivity.

So, you are going to choose all the appropriate correction factors from the equipment handbook
for this particular project condition. And you have to choose the productivity value for the
corresponding model and the corresponding dozing distance from the production curve supplied
by the manufacturer. So, if you know both these values we can do this problem. So, after you
estimate the productivity you are asked to estimate the unit cost of proposed earthmoving operation

per bank meter cube.

That means, cost per bank meter cube of earthmoving operation, you are going to find it. So, that
is nothing but your hourly cost associated with the machine divided by the hourly productivity. If
you know both these values, this you have to calculate in the bank meter cube per hour. So, if you

know both these things I can get what is cost per bank meter cube, unit cost of production.

So, which is the very important parameter, which we use when you plan for a bidding. So, when
you go for unit rate contracts, you need to know what is the unit cost associated with every activity.
We need to make accurate estimation of the unit cost of every activity. So, for that you need the
information on the cost associated with the machine and the productivity associated with the
machine, that also forms a part of the unit cost.

So, the cost data is given to you directly, already you know in the previous lectures we have seen
worked out, we have seen how to estimate the cost associated with the various machines. Like
what are all the ownership cost and the operating cost we have worked out for the equipment. So,
using this methodology, you can find the owning and the operating cost of the dozer. In this
problem it is given to you directly as rupees 1100 per hour and the operative wage is given as
rupees 350 per hour.

(Refer Slide Time: 1:25:53)
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Problem on Dozer production estimation

o Uncorrected maximum production for 60m push for
standard soil density of 1365 kgﬁr-r;:‘ is 11468 Im¥/hr
— :

/zl Visibility correction factor (Foggy Condition),

L — \
ﬁ Operator correclyactor(average skills, track type

tractor)=0.75

———

¢ Correction factor for slot dozing @ /

Let us workout the solution for this problem. As I told you the first step is we need to find the
uncorrected maximum production for the 60-meter push distance for the standard soil density of
1365 kg per meter cube. So, how will you find the production? So, using the production curves as
| told you using this production curve for your model and for the dozing distance, what is the value
we can take it, this is called as the uncorrected value.

So, this uncorrected value according to your project conditions, you need to correct it. So, first |
am going to choose this value from the curve supplied by the manufacturer. So, that value is found
to be 114.68 loose meter cube per hour, this value I am going to adjust according to my project
conditions. So, next is and you should note that this is valid for the soil density of 1365 kg per

loose meter cube, but in your project the soil density is different.

So, it is given 1750 kg per meter cubic bank state, so you have to adjust it accordingly. Now the
next is visibility correction factor. So, in this problem it is given foggy condition by the ideal curve
is for the excellent visibility. So, you have to apply the correction factor it is found from the
manufacturer is 0.8, so | have given you the value directly. Operator correction, here the operator
skill is average and for the track mounted machine, the correction factor is going to be 0.75, if the

operator skill is excellent, you need not apply correction factor.

402



Then slot dozing, in this problem you have adopted slot dozing. So, from dozing method
perspective, this is even better than the ideal curve value. So, here you can see correction factor is
1.2 because this is going to enhance your productivity greater than 1.

(Refer Slide Time: 1:27:50)

L] , Bull Dozer - [
P on mation ]

/> Grade correction factor for 15% grade
/o Material type correction factor (dry. non-coheswe)(i@/

ﬁ Efficiency factor, Job efficiency = 0.83( 50 min hou:)--"’%‘o _ 0¥
————— _»/r

© Machine trangmission factor = 1.00 (power shift 0 r
/

—

tractor) «
e i

Grade correction, you are moving down the slope -15%. So, your correction factor increases, it is
going to enhance the productivity. So, from grade perspective, it is better than the value taken from
the ideal curve. Then material type, here it is non-cohesive silty sand, so obviously it will affect
the productivity correction factor is less than 1, 0.8. Job efficiency, machine is working for 50
minutes in a hour, so accordingly 50 divided by 60, find the correction factor it is 0.83.

But ideal curve was based on 60 minutes in an hour. So, job efficiency was 1 for the ideal curve,
you have to apply according to your project condition, you have to correct it according to your
project condition. Then machine transmission factor, so in this problem also it is automatic gear
change, power shift mode, so you need not apply any correction factor, so it is just 1, it is same as
the ideal condition. In an ideal condition also, it is power shift mode, here also it is power shift
mode.

(Refer Slide Time: 1:28:58)

403



— \ Bull Dozer "*f

Problem on Dozer production estimation
Material weight correction factor

Input data given : Dry non-cohesive silty sand with unit weight \pﬂ
of 1750 kg/m* in bank state, Swell = 14%

Cuidoullueight 41049 14

loose dry unit weight ‘
Loose unit weightof aterial being pushed = 1750 /1.14 \7 o

- y A%0 “
=1535.09 k@m'-‘”’\ v o
Standard condition material unit weight is 1365 kg/im’ \M :
————

2300Ib/lcy) O I8
: z \ﬁ‘, g : |
Material weight correction = 1365 / 1535.09 kg/Im* VAT ysl- S 4
0',\
= () B¢ *6
0.89 o ka\ - /

Now another important correction factor which we are yet to determine is material weight
correction factor. As | told you in this project we are going to deal with non-cohesive silty sand. It
is unit weight is given as 1750 kg per meter cube in bank state; it is 1750 kg per meter cube in
bank state, so this is your actual project. But the curve value what we have chosen, productivity
value what we chosen is for the ideal condition where the soil density is 1365 kg per meter cube.

So, it is in loosen state, loose meter cube, so it is in loosen state. So, | need to compare both, so
that we can apply the correction factor. So, we can compare both only when the volume is the
same type of measure, but one volume is in bank state other volume is expressed in loosen state
So, let me convert this bank state into loosen state, so that | can compare it. So, how to convert the

bank density into loosen density?

| can make use of the swell percentage value given, so you can see when the conversion. Swell
percentage is nothing but bank dry unit rate divided by loose dry unit weight -1 into 100, that gives
as swell percent. So, from the bank state, how much it has expanded to loosen state? That is what
is swell percent. So, when you excavate the soil from the natural state when it gets loosened how

much it swells or expands that is what is swell present.

So, that is what it is given as 14%. Now, let us convert the bank dry unit rate into loose dry unit

rate. So, you know bank dry unit weight and you know the swell percent what is unknown is loose

404



dry unit weight. Swell percent is 14 equals to bank dry unit weight is 1750 kg per meter cube

divided by loose dry unit weight -1 into 100. So, you can move this to left hand side.

Swell Percent = (ol SUEINETR _ 1) X 100 = 14
loose dry unit weight
1750
( - - — 1) x 100 = 14
loose dry unit weight

loose unit weight of material being pushed = 1750/1.14 = 1535.09 kg/Im?
(Refer Slide Time: 1:32:07)
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Problem on Dozer production estimation

Material weight correction factor 5
Input data given : Dry non-cohesive silty sand with unit weigh \9—“ |

of 1750 kg/m* in bank state, Swell = 14%

ank drg |_|E|£ wlgm o 00\
lbose dry unit weight 1100714 \69‘%

Loose unit weigh aterial being pushed = 1750 /1,14 \
l’t
= 1535.09 kg/m? |
' 3 56
Standard condition material unit weight is 1365 kg/im \’b/.oq
(2300Ib/icy) \gs‘>

Material welght correction = 1365 / 1535.09 kg/lm? 0%‘0\
e < ‘\ : .
e
@ &

So, now you can compare both, your standard condition is 1365 kg per loose meter cube. So, now
your project condition is 1,535.09, per loose meter cube. So, obviously your project soil is more
denser than compared to the standard condition curve. So, that means, this is going to affect your
productivity when the soil is more denser, it is going to be difficult for the bulldozer to push it. So,

that is definitely going to reduce the productivity.

So, you will not be able to realize your productivity as represented by the ideal curve. So, you have
to adjust it according to the material weight correction factor. So, how to find the material weight
correction factor? It is nothing but 1365 divided by 1,535.09. So, that gives me the material
correction factor as 0.89. Obviously, it is also less than 1; it is going to reduce my productivity.

So, this is your material weight correction factor.

1365

Material weight correction = 153509

=0.89

405



(Refer Slide Time: 1:33:12)

1 Bull Dozer }

Problem on Dozer production estimation

Product of correction factors

Product = 0.89* 0.75'0.8*1.2°0.8°0.83'1*1.30 = 0.553

Now let us find the product of all the correction factors. So, whatever correction factors we have
discussed so far, let me summarize. So, one is your visibility correction factor 0.8, operator skill
correction factor 0.75, correction factor for slot dozing 1.2, grade 1.3, material type 0.8, material
type connection is different from material weight. Job efficiency 0.83, machine transmission, here
we need not because both the cases it is only power shift factor.

Product of correction factors =0.89 x 0.75 x 0.8 x 1.2 x 0.8 x0.83 x1x 1.3 = 0.553
So, it is just 1 and material weight correction factor is 0.89, so these are all the correction factors.
You find the product of all the correction factors you will get the answer as 0.553. So, this is the
value you have taken from the ideal curve, hope you remember from the ideal curve, so from the
actual medical supplied by the manufacturer. So, | have taken the value as 114.68 loose meter cube

per hour.

So, this 114.68 loose meter cube per hour, | am adjusting according to my project conditions by
applying these correction factors. That gives the corrected productivity value as 63.42 loose meter
cube per hour. So, hope you understand. So, for the ideal condition the productivity is very high
but when you adjust it according to your project condition, you can see that the productivity got
reduce significantly 63.42 loose meter per hour.

Production = 114.x 0.553 = 0.553 Im?/hr
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Bull Dozer —

Problem on Dozer productlon estimation

Production in bank slate 63. 42 Im’lhr/ 1.14 g
= 55 — \/

Determine total cost to operate dozer

Cost 08O : 1100 per hr | w“’", "IN, «&°

Operator : ¥350 per hr :)“’“{ K\E”) ﬁw

Total : %1450 per hr \RZ X“WLW

Unit production cost = Cost /Productivity Sf/f* \y

= 21450 per hr / 55.63 bm?/hr = € 26,06 perbm®  \\A”

Now the next part, after estimating the productivity, now we are supposed to estimate the unit cost
of production, unit cost stop earthmoving operation. So, how to do that, and they asked you to
calculate unit cost per bank meter cube. So, that is what is asked in the problem cost per bank
meter cube we have to calculate that. So, we need bank meter cube, but what we have calculated

so far is your loosened volume.

So, what you know is the information in the loosen state. So, now we have to convert this loosen
state value | mean loosen measure again into the bank measure. So, then only we can estimate the

cost per bank meter cube. So, the same swell percentage formula you can use for the conversion.

bank dry unit weight

Swell Percent = ( — 1) x 100 = 14

loose dry unit weight
And one more thing is, so here it is in volume loose meter cube but the formula is in unit weight,
density. So, it is nothing but weight by volume, weight by bank volume. So, weight is going to be
same for both the cases only the volume volumetric measure is different weight by loosen volume.
So, weight is going to be same can cancel it -1 into 100. So, if we move this to the left hand side

14 divided by 100 + 1, so that is nothing but 1.14 equal to lose volume divided by bank volume.

loose volume
114 =————

bank volume

63.42 Im3/hr

— 3
112 =55.63 bm3/hr

Production in bank state =
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So, now you can calculate, so I need to calculate now bank volume. So, bank volume is nothing,
but production in bank state is nothing but the loosen productivity divided by 1.1 that is it. So, you
need to calculate bank state, so it is nothing but bring it this. So, it is nothing but bank state
productivity is nothing but loosen productivity divided be 1.14. So, that gives you 55.63 the bank
meter cube per hour. So, now you know the hourly productivity in bank state your estimated, so
you need to know the hourly cost. So, how to calculate the cost?

(Refer Slide Time: 1:37:32)
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Problem on Dozer production estimation

Production in bank state = 63.42 Im¥hr/ 1.14 >
e e i ¢0
= 55,63 bm¥hr ?
—e W o
Determine total cost to operate dozer \v'
X

Cost 080 : 1100 per hr U" 7

0
Operator : ¥350 per | hr . » < y
W

Total 450 per hr

b Cost /Prody

= 31450 per hr / 55.63 bm¥hr\= ¥ 26.06 per bm?
S EE——

Already it is given to you the ownership and the operating cost is 1100 per hour, operator cost is
given. So, cost per hour = 1100 + 350 rupees, so that gives you 1450 rupees per hour is the hourly
cost. So, now let me calculate the cost per bank meter cube, it is nothing but the hourly cost by
hourly productivity. So, 1450 divided by hourly productivity is 55.63, so this gives me the answer
as rupees 26.06 per bank meter cube.

So, this is how you calculate the unit production cost. So, this is a very important parameters as |
told you when you plan for your bidding. So, when you plan for your bidding when you go from
unit rate contract, so in the unit rate price what you quote this part will also over a component of

that. So, that is why you have to be very careful in the estimation of the unit production cost.
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For that you need to have a thorough knowledge on how to estimate the cost associated with the
machine and the productivity associated with the machine, then only you can make an accurate
estimate of the unit cost of production.

(Refer Slide Time: 1:38:51)
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Problem:

A crawler dozer equi with power shift pushes a
type o eq pped 1po p
Wl@d blade capacity of 6.50 Tcm (8.50

ley). The dozer pushes the loose soll over a distance of
45m (147 64 ftywith a speed of 4 km/hr (2.5 mifhr). ,;f(’j

Maximum reverse s is 8 km/hr (5

mi/hr). Estimate the production of dozer in loose cubic / i

Take fixed cycle b cycle time &"f\ u\q"‘ ]

metre if job efficiency is 50mi

for power shift dozer

Now let us workout another problem a different approach of estimation of the productivity. So, in
this a crawler type bulldozer is given, this equipped with power shift mode. So, automatic gear
change, it pushes a loose soil with blade capacity 6.5 loose cubic meter. So, the blade capacity is

given to you 6.5 loose cubic meter, and the dozer pushes the loose soil over a distance of 45 meters.

So, the dozing distance is given as 45 meter and dozing speed is given as 4 km per hour and
maximum reverse speed in the third range is 8 kilometer per hour. So, mostly since a bulldozer is
operated for short distances, so the return journey it will be mostly operated in the reverse gear.
So, the return speed has given as 8 kilometer per hour.

Obviously, the return speed will be greater than the dozing speed because the blade is unloaded or
empty, so it has to be greater. Now estimate production of the bulldozer in loose cubic meter, if
the job efficiency is 50 minute per hour. So, since it is a power shift mode, you can assume the
fixed cycle time for the power shift dozer as 0.5 minute. So, the maneuver time when you go for

automatic gear change machines is 0.05 minute, you can assume that. So, that will be your fixed
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cycle time, this is your fixed cycle time. So, now, we are going to estimate the productivity of the

bulldozer, so with the available input data. So, how to estimate it?

(Refer Slide Time: 1:40:39)

P
l Production Estimatio

W
Problem: G ot
A crawler type dozer equipped with power shift pushes a f

Ioose soil with a rated blade capagi_ty of 6.50Tcm (8.50 M‘_
" lcy). The dozer pushes the loose sow@

45m (147 64 ft) with a speed of 4 km/hr (2.5 mi/hr).

Maximum reverse is 8 km/hr (5

mi/hr). Estimate the production of dozer in loose cubic
metre if job efﬁciency is 50minthr. Take fixed cycle time

So, you know the blade capacity, you know the blade load, that is known. So, you know the haul

distance the dozing distance is known, so it is known, you know the speed of the machine. If the

speed is not given in that case you have to go for the performance chart, with the help of

performance chart you have to find the speed. But in this problem speed is given to you directly.

(Refer Slide Time: 1:41:05)
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Problem:

Acrawl d i hift pushes
crawler type dozer equipped with power shift pushes a

loose soil with a rated blade o:apaciyl of 6.50 Tcm (8.50

Icy). The dozer pushes the loose soil over a distance of ”g’
45m (147 64 ft) with a speed of 4 km/hr (2.5 mi/hr).
Mimunreerse seed n i range s & ki (5

mi/hr). Estimate the production of dozer in loose cubic

metre if job efficiency is S0minhe. Take fixed cycle time

for power shift dozer (m
e

So, you know the haul distance and speed, so you can calculate the cycle time. So, based on using

this input parameters, | can estimate the productivity of the bulldozer. So, let us see how it is done.
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(Refer Slide Time: 1:41:18)

Solution:- J

o Step 1:

Total cycle time 7 Fixed cycle time + variable cycle time

Fixed cycle time = 0.05 min

So, first the total cycle time is nothing but fixed cycle time plus variable cycle time. So, the time
needed for cutting and pushing the earth and the returning back. So, the return time plus the
maneuver time, your maneuver time is nothing but fixed cycle time, maneuver is nothing but time
for changing the gears, increasing the speed or decreasing the speed. So, those things come into
the maneuver time, for this power shift mode it can be taken as 0.05 minute. So, now we have to
estimate the variable cycle time. So, that depends upon your haul distance and the speed.

(Refer Slide Time: 1:41:53)
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Solution (Continued) :- ) l@‘“ 2 BV
o Variable cycle time . %\‘\M @"9
Dozing speed = 4 km/hr ¥

e L ey
Dozing time = Tiee = 067 min - pee 1kt = 1657 i)

S—— et -::——__::l
= . o™
Retur time = ——— j34 min WM '\6/&5 4
Y
Cycle time = 0.05 + 0.67 + 0.34 = 1.06 min gU“éJ
%ﬂ"

o Step 2: Production (o)

-
”

Production = 65 x % = 306.60 lem/hr

So, variable cycle time is nothing but it is made up of dozing time and the return time, onward
journey, return journey. So, dozing time you know the dozing distance 45 meter and the speed is
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given 4 kilometer per hour. So, let me convert, so let me find the dozing time, so the distance is
given as 45 meter and the speed is given as 4 kilometer per hour. So, let me convert this kilometer

per hour into meter per minute, the conversion factor is 16.67, 1 kilometer per hour is 16.67 meter

per minute.
. . _ 45m .
Dozing time = TYT i 0.67min
. _ 45m .
Return time = oxlcer = 0.34min

So, you return time is 0.34 minute, dozing time is 0.67 minute. So, now your total cycle time is
supposed to calculate.
(Refer Slide Time: 1:43:13)
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Solution (Continued) :-

o Variable cycle tim:
Dozing speed = 4 km/hr

Asm .
=0.67min  (Note: 1 kvhe = 16.67 mimin)

4 x16.67 e
e

Dozing time =
a4s 7 7 "“6
Retum time = —+— = 0.34 min <(@A§\\a %
Cycle time = 0.05 + 0.67 + 0.34 = 1,06 min /’ ® o
T e o cm— /& +‘6/1
o Step 2: Production + /5
P /o &3

570
b Y

\

~—

SRt Y

7

A 50 _ ot
Production = 6.5 x = = 306.60 lem/hr 4)0

Total cycle time is nothing but your maneuver time,

Cycle time = 0.05+0.67+0.34 = 1.06min
that is your cycle time. Now you calculate the productivity, | need a productivity and loose meter
cube per hour, so how to calculate that? I know the blade load, so the blade load was given to you
as 6.5 loose cubic meter.

So, use this value 6.5 loose cubic meter divided by the total cycle time is 1.06 minute. So, | need
the answer in loose meter cube per hour. So, let me convert this minute into hour, divided by 60,
1.06 divided by 60. And one more important thing you have to multiply it by the job efficiency.
So, you are going to work for how much time in a hour that is job efficiency, working efficiency
6.5 divided by let me simplify 6.5 into 60 divided by 1.06.
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So, what is the job efficiency? It is nothing but it works for 50 minutes in a hour, it is given in the
question like the job efficiency is 50 minutes per hour, so it is 50 by 60. So, you can get the answer
as 306.60 loose meter cube per hour,

Production = 6.5 x % = 306.60lcm/hr

So, this is your final productivity. So, this is one way of estimation, so depending upon the input
data accordingly you can choose the approach.
(Refer Slide Time: 1:44:52)
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Summary

o Bull dozers are versatile machines used for dozing, land clearing,

fipping, supporting other machines

o Different blade movements areypitching, tilting and angling.
o Blade's performance can be assessed based op cutling ratio and

load ratio.
——

o Cutting ratio and load ratio are higher for straight blade compared
i to U blade
P —

o Slot dozing and Blade-to-Blade dozing are productive dozing
methods,

o Factors controlling bull dozer productivity are type of blade,
material type and cycle time,

So, now we have come to the end of the lecture on bulldozer. So, let me summarize what we have
discussed so far. So, as you know that bulldozers are versatile machines, so because it is used for
different applications. So, not only for the earthmoving operations, we can also use it for cutting
the trees, ripping the rocks and for assisting other machines. So, it is used for n number of
applications, so that is why we called as a versatile machine.

So, and we saw that depending upon the type of connection between the blade and the tractor, we
can have different types of blade movements pitching, tilting and angling. So, if you have a C
frame, then angling is possible, angling and tilting is possible. So, if you have tilt cylinder and
pusher arm arrangement, in that case only pitching and tilting were possible, angling would not be

possible.
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So, according to the type of connections, the blade movements will vary. And you can assess the
performance of the blade using the parameters like cutting ratio and load ratio. And we discuss
that with the dimension of the blade is smaller the cutting ratio and load ratio will be higher. So,
for the straight plate as it is smaller, it is higher the cutting ratio and load ratio is higher when

compared to the U blade.

And other important thing is we have also seen what are all the different productive dozing
methods which are adopted to reduces it is spillage, end spillage, slot dozing and blade to blade
dozing. This can help you to increase the productivity of the earthmoving operation. And we have
discussed about what are all the factors which affect bulldozer productivity, like the type of the
plate, material type and cycle time. And we have worked out illustrations of how to estimate the
productivity of the bulldozer using different approaches based upon the input data available.

(Refer Slide Time: 1:46:42)
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o Day, D.A. & Benjamin, N. B. H. (1991). Construction aquipment guide (2nd ed )
John Wiley & Sons.

o Gransberg, D. D., Popescu, C. M., & Ryan, R. C. (2006). Construction equipment
management for engineers, estimators, and owners (2nd ed.). CRC Press

o Harris, F. (1894). Modem construction and ground engineering equipment and
methods (2nd ed.). Pearson Longman,

© Nunnally, S. W. (2011). Construction methods and management. Prentice Hall

o Peurtfoy, R, Schexnayder, C,, Shapira, A, & Schmitt, R. (2011). Construction
Planning, Equipment, and Methods (8th ed.). McGraw-Hill

© Singh, J. (2001). Heavy Construction: Planning, Equipment and Methods (2nd
od.). Taylor & Francis. i
o Calerpiar performance handbook (47th ed.), (2017), Caterpiliar

httpe//www macalistor comwp-confentiuploadw/sites’2/catorpillar-porformance

So, these are the references which | have used for the preparation of this lecture. You can go
through some of these textbooks to get more information related to this topic. In the next lecture,
we will be discussing about the scrapers. So, scraper is also another earthmoving machine. So, we
will be discussing about the different types of scrapers, applications and illustrations and how to

estimate the productivity of the scrapers, thank you.
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