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STATEMENT OF PROBLEM

This investigation was conducted to determine the
affect of loading time, hauling time, earth material type,
size of auxiliary pusher, and number of auxiliary pushers

on the performance of self-propelled scrapers.

OBJECTEVE

The object of this investigation is to calculate and
compare the optimum loading times of two different self-
propelled scraperslworking in two types of soil when the _
scrapers were being pushed by different combinations of track-

type tractors.



INTRODUCTION

General Applicatioh of Scrapers

Scrapers are earth-moving machines capable of digging,
loading, hauling, dumping, and spreading hundreds of cubic
yards of earth material during a working dayo In recent
years, scrapers have been used for moving earth because of
the high speeds at which they caﬁ travel.

| Self-propelled scrapers are used in open-pit mining
operations for Stripping alluvium, unconsolidated overburden,
and ore. The extensive use of this type of earth-moving |
equiprient in mining justifies an economic analysis of this

method.

Types of Rubber-Tired Scrapers

'There are two basic types of rubber-tired scrapers:
the over-hung type using a two-wheel tractor; and the trailer

type ﬁsing a four-wheel tractor.

Two-¥Wheel Tractor

The scraper with a two-wheel’tractér is basically
suited for all types of earth-moving operations. It performs:
best under good to adverse conditions and on medium to short
haul distances. The two-wheel tractor has greater Weight on
the drive wheels than the four-wheel %réctor of similar size;

2



‘thus it can develop more tractive effort. The‘twc-whéel
tractor, due to its positive-type. steering afrangemént,

has better maﬂeuverability and can maneuver under almost
any underfoot condition. This steering'characieristic is
important when the écraper is working in mﬁd of sandy ﬁater~
ial. Because of the hard riding characteristics of the two-

wheel scraper the operator may not maintain top speed.

Four-¥Wheel Traétor

The scraper with‘a four-wheel tractor is primaﬁily
designed for hauls over long distances on roads that are in
good condition. A four-wheel tractor is difficult to steer
in mud or sand conditions, and the small front tires have
a tendency to settle into the mud or sand, thus requiring
more rimpull {o'move the traptor,. Scrapers with four-wheel
tractors are capable of greater haul speed because df their
steering and handliﬁg qﬁalities. The conventional-type
steering of tﬁé four-wheel tractor gives the operator greater
confidence imasmubh as the scraper handlés more like a tfuck

from the standpoint of maneuverability and ridability;

Scrapers in Tandem .

- The two-wheel tractor is also used to pull scrapefs
in tandem. Scrapers in tandem were developed on the theory
that the first few yards of earth material loaded required

the least amount of time since two scrapers of a given size
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will always load substantially fastef than a singlg scraper

of the same total capacity.l 'A136 the smaller width and

height of scrapers in tandem do not interfere with traffic

on the haul roads or highwéys when moving between jobs. The
length of scrapers in tandem is substantially greater than the
léngth of a single scraper of the same capacity, but it is

not twice that of the single scraper. The turning radius
réquired for the tanden Scrapeis is twenty-five percent greater

than that of a single scraper of the same capacity.z

Twin-Power &crapers

Another type of scréper is the;twin-poweryécraper,
The objective of this type of scraper is to furnish suffi-
cient power for loading itself without the use of pushefs.3
Twin-power scrapers'have higher maneuverabiiity in loading
than do single-powered scrapers with pushers; however, the
additional horsepower of the twin-power scraper is not re-
.quired when the scraper travels over . the haul.road. This
results in an increase in the excavation cost of the éarth

materia1,4

' l“Tandem’ﬁcrapers; New-01ld Competitive Tool}” Roads
-and Streets (February, 1960), p. 77.

21pid.
3$ee Appendix E, Glossary.

4Leo J. Ritter, Jr., ¥Big Power for PushingAScrapers,”
Bngineering News Record (April 28, 1960), pp..31-33.




INFLUENCE OF SOILS

Factors Affecting Production

The soil type is a vital factor whenever an earth-
moving operation is being pianned or conducted. The term
"soil" is here.applied to the_matgrials normally handled by
scrapers. The scraper is unable to handle very soft organic
soil in swamp locations or the rock which requires blasting
for removal. Howsever, between these extremes ever&lkind of
soil in any condition within the obvious limits of terrain,
weather, and water conditions can conceivably be handled by
scrapers. It is not implied that scrapers would be the most
economical method of handling every type of material in any
condition; however, it does indicate that these machines can
operate in many types of soii,

_ The variables affeéting the profitable excava%ion.of
soils by scrapers include the following: loading characfer-
istics, weight to volume relationships, dumping characteristics,
rolling resistance and traction. These variable are directly
influenced by the following major factors: gradation of‘soil
particles, moisture content, soil strubture, cohesion and

nineral composition, and soil profile°1

1Leo J. Ritter, Jr., "$So0il as a Constructioﬁ\Material,“
Modern Highways (April, 1959), pp. 9-10.
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Gradation is a term dsed by engineers to refer to
the rélafive size of soil ‘par*ticleso2 The more uniform soils
of the smaller-particle size will be éasier to load than will
be the graded soils having a wide variance in particle size.
The uniform soil offers less loading resistance because of
the lower density and smaller area of contact of soil with
the scraper bowl.

The moisture content of the soil has an influence
on the loaéing characteristics of the soil and the rolling
resistance and traction of the scfaper. A small amount of
moiétﬂre in loose sand, for example, may increase the trac-
tion of the auxiliary pusher and scraper without greatly
increasing the rolling resistance or density of the sand.

To the engineer, the soil profile is a cross section
of ‘'the actual soil deposit from the earth surface down to
the depth which he considers important for his purpose.3 Not
only are 5011 depos1is vwrlable vertically, but they are also
-variable horlzontally Information as to the soil profile
and lateral variatfion nay be particularly valuable to contrac-

‘tors when {hey are preparing to bid on an earth-moving project.

2pimitri P, Yrynlne and William R. Judd, Trlnclples
of Engineering Geoloqy and Geotechnlcs, ed. Harmer . Davis
(McGraw-Hi1ll Civil Lnglneerlng Series; McGraw-Hill Book Company,
New York, 1957), p. 129.

3Ibid., p. 125.




PROCEDURE OF INVESTIGATION

In order to obtain data fron which an analysis could
be made it was necessary to use load-growth curves of the
scrapeys for the calculations. The calculated values repre=-
senting the cost per cubic yard for excavating earth materials
and the volume of material that could be removed by the

scrapers were then compared.

Load-Growth Curves

A ioad-growth,curve depicts the amount of soil that
a scraper has loaded in its bowl at any given instant of time
during thevperiod’of_loading,‘ These basic data represent
the production performance of the écraper (see Figure 1).
In examining a fypicéi load-growth curve shown in Figure 1,
it is evident that the volume of earth material that is loaded
into the scraper increases as the time expended in loading
the‘scrapgr increases. During the first minute of loading
time approximateiy sixteen cubic yards of earth material are
loaded into the scraper; whereaé in the second minute of
loading time approximately two cubic yards are loaded. The
effects of auxiliary pusher agsistance are also reflected in
the rate 6f change in slope of the load-growth curves.
Load~growth curves were obtained from a heavy-equipment
manufacturer for tﬁo self-propelled, rubber-tired scrapers.

7
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1_capacity of twenty-

One scraper investigated had a struck
el ght cubic yards and another scraper had a struck capacity
of twenty-one cubic yards. The scrapers operated in both
noist sand and_clay loam. Load-growth curves in Appendix A
represent the abilities of the two scrapers to load each of
these materials. Moist sand has a bank weight of 3,300
pounds pef cubic yard and clay ioam haé a bank weight of
3,600 pounds per cubic yard.

Standard tfack-type tractors were used as pushers to
load the scrapers. _The iractors were designated on the graphs
in pounds of available drawbar pullo2 The drawbar pull

developed by the tractors is dependent upon the coefficient

of traction of the earth material.

Ownership and Operating Cost of Hquipment

In evaluating the performance of the earth-moving
equipment it is essential to know the ownership and operating
cost of the equipment. A consistent form of calculation was
used so that uniformity could be maintained. Since absolute
values for individual pieces of equipment are not necessary
for comparative purposes, average values have been calculated

(see Figures 2 to 5).

Isee Appendix E, Glossary.
2See Appendix B, Glossary.
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It is assumed.fhat the economic life of a scraper
pulled by a rubber-tired tréctor working one shift ﬁnder
average job conditions is five years. The annual deprecia-
tioﬁ rate of the equipment is taken to be equal to the totaln
initiai investment divided by the economic life of the
.egUipment, Thus, the éverage annual investment of the equip-
ment is equal to (n ~-1)/2N x total initial investment, where
n equals the economic life of the equipment in years. Interest,
taxes, and storage were estimated as 12 per cent per year of
the average initial investment. 1In calculating the operating
cost of the rubber-tired scraper, an experience factor Qf
90 per cent of the annual dépreciation waé assigned as the
cost to cover the items of repairs, maintenance, and supplies.l

Assuming a maximum tire 1life of 5,000 hours under
ideal working conditions, the tire l1life was reduced,to‘compen-
sate for average working conditions. The maximum life of the
tire was reduced by factors which compensated for tire mainten-
ance, maximum SPeed, road surface conditions, wheel position,
length of haul diétance, loading, and tire inflation.? The
‘total tire cost was increased by an experience factor of fifteen
per cent to compensate for repairs. The wages of the operators

were estimated at three dollars per hour with a forty per cent

1Drevdah1, op. cit., ii, p. 8.
ZIbid.,,p, 12.
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WORK SHEET
ESTIMATE OF OWNERSHIP AND OPERATING COST

11

MACHINE DESCRIPTION

Self-propelled scraper,

EQU!PMENT OUTPUT CALCULA THON

‘capacity 28 cubic yards struck average ,
4values calculated I No. Shifts Operated 1-
' _ Produchon per hr .
Weighit & price, fob fact. 90,200 $ 79,000 tons or yds
Additional equipment . - $ :
Blocking , R
~ Freight $4. OO(Toi’ wi’) 002CHT $ 3,600 - S
: Unioc:dmg & moving . $ FIGURE 2.
o $ ’
Sub Total A $ 82,600
Deduct Tire Cost $ 18,000
" ltem 1. Total Investment $ 64,600
ltem 2. - Economic Life 5 yrs 10,000 hrs
ftem 3. Ave lnvest 50% % of 1$ 28,800 o 3
BN . Cost/yr Cost/bir -
ttem 4. Dep._ 20 % of lrem 1/yr - $.12,910 S 6.46.
ltem 5. Int., Taxes & Ins. 12% of ltem 3 A.650 $ 933 .
" Trem 4. Total fixed cost 4 & 5 Total $ 17.560 $ 8.79
ftem.7. Repairs, maint., & supplies .
.90 % of ltem 4/yr $ 11,610 .. $5.81
frem 8.  Fuel, Lub., Power & Misc.” «
- : Consump. cost/gal. . cost/hr
a. Fuel/hr__ 17,5 ~ §__ .18 $_3.15
b. Power ‘ . -
c. b/ 61 - 5 1.00 0§ 61
d: Spec lub._ 30 $ 1.00 $ .30
e. g R ‘ $ .
~ f. - Total Fuel, Lub,,Power& Misc. $ 4.06 $8.110 $ 406 .
Cdtem 9. Tives Cost/tire - '
a. No. fires 2 Life 1680 hrs(’free) $90,000 $5.30
b. No. tires 2 Life . 1010 hrs(driver) 9,000 $8.90
. ¢, $ e . 5
d.  Total Tsre Coss' + 15% ftor Repqxrs, etc. - $32,900 '$ 16.20
tem 10. Labor ‘no.. per hr
a. operator - ’ 1 "% 2.00
b. oiler $
c. pit man %
d. ' ' $
e. Total wages . % 3,00
f. Overtime (g %ofe ' $
g. Sub total (wages & overiime) $ 3.00
h. Liability Ins. 40 %ofg $ 1.20 . : ' :
i. Total Labor .. $ 4.20 - $ 8,400 $ 4.20
ltem 11. Total Direct Cost 6,7,8,9, & 10" Total $ 78,580 $39.40
ltem 12. Indirect Cost, Engr. Overhead, etc. $ - $
ltem 13. Total Cost 11, &'12. ' s “ Total '$7/0,550 $39.40
frem 14. Cost per fon or yard . (Cosf/hr) $ - Per Ton or yd

Bei s el e i e e e e e

— ' meé )



12 -
WORK- SHEET '
EST!MATE OF OWNERSHIP AND OPERATING COST

MACHINE DESCRIPTION _Self-propeiled .
‘Scraper, Capacity 21 Cubic Yards Struck

‘No. Shifts Op@m?ed 1

EQU!PMENT OUTPUT CALCULATION _

‘=0 o0 Ao

- Average Values Calculated

Production per hr

Weight & price, fob fact. 69,700 $ 62,900 tons or yds
Additional equipment $ :
Blocking . L - '
Freight $4 .00 (Tot wi): BI7CWI $ 2 9'780 o :
Unloading & moving ' L $ FIGIRE 3.
. 7 : . C
Sub Total - . . $ 65,680
Deduct Tire Cost ' $ 16,000
“ltem 1. Total Investment $ 49,680
. ltem 2. Economic Life 5 yrs 10,000 hrs
- ltrem 3. Ave lnvest ' OU % of 1§ 20,800 '
_— L | - Cost/yr Cost/nr
ltem 4. Dep. 20 % of ffem 1/yr - $ 9,920 $ 4.96 :
ftem 5. Int., Taxes & Ins. 12% of ltem 3 ° $_3,580 $ 1.79
| lrem 6.  Total fixed cost 4 & 5 ' Total $13.500 5 5. -
Tem 7. Repairs, maint., & supplies -
90 % of ltem 4/yr $ 8,920 - -$ 4.46
ltem 8. F,u'e'ﬁ, Lub., Power & Misc.’
o Consump. - - .cost/gal = cost/hr
. Fuel/hr - 12.8 ° § .18 $ 2.30
Power s o -
Lub./hr A4 0 $1.00 $ - .44
Spec Lub .29 $1.00 g .22
Total Fuel, Lub, Power.& Misc. $ 2.96 $ 5,910 $ 2.96-
lrem 9 anes o — Cost/tire
d. No. tires 2 Lif e.1680 hrs(free) $ 8,000 . - $ 4.76 . :
b. No. tires 2 Life’ 1610 hrs(cfr»ver) 8, 000 - $ 7.90 N
C: $ . : - . $
d. Total Tire Cost + 15% for- Repmrs, e’:c © $29,100 '$14.56
frem 10.  Labor ' e, ' . per hr _
a. -operafor ’ - 1 $ 3.00
b. oiler ' $ '
c. pitman $
d. ' $
e. Total wages o - $.3.00
f. Overtime 0 %ofe $ A
g. Sub tofal iwaggs & overtime) $ 2.00
h. Liability Ins. __%ofg $ 1.20 : 3
i. Total Labor IR $ 4.20 $ 8,400 - $ 4.20-
ftem 11. Tofal Direct Cost 6,7,8,9, & 10 Toral 355,930 $ 32.93
Item 12. Indirect Cost, Engr. Overhead; efc. , $65,830 $ 32.93
- ftem'13. Total Cost 11, & 12 - - Total o8 $
ffem 14. Cos‘? per i'on or ycrd (Cos%r) , $ Per Ton or yd -

R (Pr dhr):



T, !"W\\

s

(

WORK SHEET , ' ; 13 : ' ;

ESTIMATE OF OWNERSHIP AND OPERAT!NG COST 3

MACHTNE DESCRIFTION Bulldozer. 230 HP FQUIPMENT OUTPUT CALCULATION

(Flywheel) Pusher Track, Average Values
Calculated

No. Shifts Operated | 1
Produc?lon per hr

' We:ghf & price, fob fact. 47,290 $ 49,000 ~_tons or yds’
- Additional equipment $ .
Blocking o
Freight $4, 00 (Tot wf) A72 .9CWT _ $ 1,890 e
Uniocdmg & moving : $ FIGURE 4
, $ B -
Sub Total ' $ 50,890
Deduci Tire Cost $
ltem 1. Total lnvestment $ 50,890
ftem 2. Economic Life 5  yrs 10,000 . hrs
item 3. Ave Invest g0 % of 1% 29.600 -
= _ A o Cost/yr Cost/hr i
~ftem 4. Dep. 20 % of ltem 1/yr . - $ 10,200 . $ 5.00 ’
ftem 5. Int., Taxes & Ins. 12% of ftem 3- $ 3,630 $ 1.84 . |
ltem 6. Total fixed cost 4 & 5 Total $ 13,880 ' 7.93
" ftem 7. ' Repairs, maint., & suppiies , . ' _ - ,' S 1
95 %of frem 4y . - $_9,600" - $_4.80
ftem 8. Fue‘l, Lub., Power &'stc.' - , .
- : ‘Consump. - cost/gal cost/hr ;(
a. Fuel/br 8,8 ~ § .18 $  1.56 .
b. Power . . % ' ' _
e Lbhr 19 $-1.00 0§ 10 . : , R
ds Spec Lub__ .02 $ 1.00 $ .02 , | - T
e. Filter .04 $ 1.00 §$ 04 o . o o AR
f. Total Fuel, Lub, Power & Misc. $ 1.72 $ 3,440 $ 1.72 .
frem 9. Tires i Cost/tire ' ’ IR f
_a. ‘No. tires- Life hrs(free) $ ' - $ I
b. No. tires Life hes(driver) | - $ 3 »
c.- . . | S $ N
d.- Total Tire Cost + 15% for Repairs, eic. ' % % i
item 10.. Labor no. per hr o R i,
a. . operafor 1 $ 3.00 - - S
b. oiler ' $ ;
c. - pit man -3 ;,
e. Total wages $ 3.00 . Co - S
“ §. Overtime 0 %ofe % - o . _ i
g. Sub total (wages & overtime) $ 3.00 . : ' - : s
h. Liability Ins. 40 %of g $ 1.90 R - - . L
i.. Total Labor. ' $ 4.90 $ 8,400 $ 4.20 ' ‘
ftem 11. Total Direct Cost 6,7,8,9, & 107 Total $ 35,320 $ 18.65 ;
item 12. Indirect Cost, Engr. Overhead; etc. ' $ : : s
Mrem 13. Total Cost 11, & 12 - Total $ 35,320 $18.65 o 1
ftem 14. Cosf per fon or yord (Cos?/hr)

_ (Prod"hr).

Per Ton 'orl yc']. "
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WORK SHEET - | ,1_'4
'ESTIMATE OF OWNERSHIP AND OPERATING COST

MACHII\E DESCRIPTION 'Bulldozer, 380 HP- .. EQUIPMENT OUTPUT CALCULATEON

ThO 0.0 T

=@ e o0

(Flywheel) Track Type, Average Values
e, .Calcula‘ted _ No. Shifts Opem%‘ed 1
' , . Production per hr .
' Welgh? & price, fob fact. 64 4()0 - $63,004 . - tons or yds
Additional equipment $ = L
Blocking : S
Freight $4,00 (Tot wt) 644 CWT $ 2,580
Unlocdmg & moving "% - T
- $ _ . Figure 5
Sub Total. S $ 65,584
Deduct Tire Cost g $
ltem 1. Total Investment ' $_ 65,584
ltem 2. Economic Life 5 yrs 16,000 s
" ltem 3. Avelnvest g9 . %of 1% 29 400" - ' ‘ S
e B . . Cost/yr Cost/hr
litem 4. Dep. 20 % of ltem I/yr ' - $13,100 : $ 6.55
frem 5. Int., Taxes & Ins. 12% of ltem 3 S $ 4,730 $_2.36
ltem 6. Total fixed cost 4 & 5 . Total $17.820 S_8.91
ltem 7.  Repairs, maint., & supplies : ~ A :
% of ltem 4/yr - ' - $12.450 5_6.22 .
- Kem 8. Fuel; Lub., Power & Misc.’
- Consump. @ . cos‘i‘/gdi cosi'/hr '
Fuel/hr 13.8 ~ $ .18 $ 2.48
- Power .11 1.00. - % <11
Lub. /hr 9 - $ :
2. Spec'lub .03 $ 1.00 $ .03
Filter .04 $ 1.00 § .04 E o L AL
Total Fuel, Lub, Power.& Misc. $ 7.66 . $ 5.320 $ 966 . ... T
- ltem 2. Tires . Cost/tire o
" a. No. tires Life hrs(free) $ $
b. No. tires_ Life hrs(&rlver) $
c.. . : $
d - Total Tire Cosf + 15% for. Repcurs, e?c $ %
ffem 10. quor -~ ‘no. per hr
a. operafor 1 '$ _3.00
b. oiler ‘ $
. pit man ‘ $ ..
Total wages ' S %__3.00
Overtime 0 %ofe ' $
Sub total (wages & overtime) $  13.00
Liability ins. 40 % ofg - $  1.20 Lo : ,
Total Labor $__4.20 ©$_8,400 $__4.20
ltem 11. Total Direct Cost 6,7,8,9, & 10 Total S noc K3 21.99
ftem 12. Indirect Cost, Engr. Overhead, etc. L 8 44,000 _ $ '
ftem 13. Total Cost 11, & 12 . Total C.$43,960 % 21.99
Ttem 14. Cost per fon or- yar? (Cos?/hr) . i , % 7 " PerTonoryd . . |
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increase for liability insurance, social security and fringe
benefits.

The hourly ownership and operating cost of the track-
type tractors was then computed in a manner similar to that

of the scrapers.

Traction Limitations

Because there was a difference in the types of ear{h
material, it became necessary to calculate the actual draws
bar pull that the auxiliary pusher developed when it was
engaged in this type of earth-moving operation. The engine
of any tractor isvprimarily designed to develop horsepower
which can be convérted iﬁto tractive effort. The maximun
tractive effort of the tractor can be developed only when the
friction between the driving wheels or tracks of the tractor

1 .
The maximum

and the road surface is sufficiently deVeloped.

tractive effort between the tractér and the rolling surface

is computed by multiplYihg the total weight of the tractor by

_the c0efficient of traction of the rolling surface. The

coefficient ofutractioﬁ of moist sand is 0.30, ahd the coeffi-

cient of the tracfion of clay loam is 0.9002
On all of the gféphs (figures 6 to 16) the pushers

are designated by the symbols of 14, 24, SA,:or 2B together

1Drevdah1, op. ¢it., iii, p. 9.
21pid., p. 10.
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‘with the traction limitatdions of each unit. The first figure
indicates the number of track-type pushers which developed
the drawbar puil, and the second figure indibates the model
of the pusher.. If‘is noted that the model A pusher is larger
than the model B pusher; It was also assumed that because
of the high weight-to-horsepower ratio of tﬁe scraper when

loaded, the greater part of the engine horsepower was converted

into tractive effort.

Calculations

Costs on Per-Minute Basis

Delays such as waiting tiﬁe, operator inefficiencies9
refueling, and other minor interruptions have been estimated
from experience to amount to fifteen minutes of each working
hour. Therefore tﬁg,calculations are based upon a forty-
five minute working houf,l The hourly ownership and operating
cost of theifractors and.Scrapefs‘were divided by forty-five
to give the ownership and opératigg cost of the equiprment on
a pér-minute basis;‘\This calculation was made so that material
moved by the scraper during forty«five‘minutes of time would
be charged with a sixfy minute hour of oWnérship and operating
coéts° |

Pusher Loading Cost

The loading time spent by the track-type pushers was

prevaani, op. cit., iii, p. 28.
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divided into (1) fixed loading time, (2) variable loading
time.

Fixed loading time included the time used by the pusher
as itAapproached the scraper, the time spent in accelerating
the scraper after loading, the time necessary for the operator
of the pusher to reverse the gears, the time used by the pusher
in moving in the fevérse direction, and the time used by the
operator to shift into the forward position. The division‘
of these_times for the pusher is shown in Table I. It was
assumed that the fixed loading times would be the same for
both of the track-type pushers considered in this’investigam
tion. The total fixed loading time for each pusher was multi-
plied by the ownership and qperating_cost per minute. This
céiculation gave a fixed loading cost for each pusher.

The variable loading cost of each pusher was calculated
'by multiplying each increment of the variable loading time
from 0.3 min. to 1,5 min. (expressed in tenths of a minute)
by the ownership and operating cost per minute. The total
loading cost of each pusher is the sum of the fixed loading
cost and the variabie léading cost. ’ ' |

Scraper Loading Cost

The loading cost of each scrapér was calculated by
multiplying the increments of loading time by the ownership

and operating cost per minute.
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TABLE I
PUSHER FIXED TIMESH

One - ‘Two Three
Pusher Pushers Pushers

Time(min.) T1meZm1n,) Time(min. )

Approach 0.10 0.20 0.40
Accelerate » 0.15 0.15 0.15
Shift-Reverse 0.05 0.05 0.05
Reverse 0.40 0.40 0.40
Shift-Forward | 0.05 0.05 0.05

Total 0.75 ' 0.85 1.05

#FElmer R. Drevdahl, Jr., Profitable Use of Excavation
Bquipment (Limited ed., Tucsen, Arizona: Technical Publica-
tions besert Laboratories, Inc., 1961), iii, p. 26. '

Total Loading Cost of Scraper and Fusher

The total ioading_cost pf each scraper -and pusher
combina{ion Waé finélly obtained by.adding the loading cost
of the scraper to the loading cost of the pusher for each
increment of loading time. This sum was then divided by the
number of cubic yards of earth material that was in the scraper
bowl at_-each increment‘of~1oading time. The loading cost
per cubic yard of earth material for each combination of
scraper and pusher was then plot{ed agains{ the loading time

(see Appendix B).



Scraperlﬁaulage Cdst

The haulage time was assured to be the total cycle
time minus the loading time. On this basis the haulage costsr
were computed.

Cycle time is defined as the time required for the
scraper to travel the round trip distance. Total cycle time
consists of fixed and variable times for each scraper. The
fixed cycle time for a scraper includes the time that the
loaded scraper spends hauling the earth material, the time
required for dumping and turning, and the return time for the
empty scraper. The variable time accounted for the actual
time that the écrapers spent loading. _Analyses were conducted
for fixed cycle times of 1, 2, 3, 4, 5, 10, 20 and 30 minutes.
The ownership and operating cost per minute for each scraper
was multiplied by each fixed cycle time to give the haulage
cost. Fach haulage cost was‘then divided by the number of
cubic yards of earth material that each scraper loaded and
hauled. The result of this calculation is the haulage cost

‘per cubic yard.

Total Cost of Loading‘and\Hauling‘

The puSher—Scrpaer,loadiﬁg cost per cubic yard of
~earth material was then added to the scraper hauling cost per
cubic yard to give the totél~production cost per cubic yard.
A series of pfoduction-cost curves were plotted for each

combination of scraper, pusher, and type of earth material
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(see Appendix C),i These series of curves show the relation-
ship between the cost of loading and hauling'and the time
spent in loading. The curves show also the relationship
between the loading and hauling cost per cubic yard and the
travel di!stances° On the graphs the points which gave the
lowest production'cost for various cycle times are designated
by circles. |

Production

To obtain.the relationship between hourly production

and loading time the number of cycleé that each scraper traveled

in an hour was determined. Travel timgs of 1, 2, 3, 4, 5,
| 10, .20, and 3Q minutes were added to the increments of loading
timé of 0.1 minute through 1,6 minutes to obtain the total
cycle times. To obtain the number of cycles per hour the
time per cycle was divided into the working hour 6f forty-
five minutes. Therefore the hourly production was ob{ained
by multiplying the cycles per hour by the cubic yards that_
were moved per cycle. This hourly production was then plotted
against the time that the scraper spent loading (see Appendix
D). This set of curves alsb{shows_the relationship between
the hourly produgtion'and.haulage time. The scraper loading
time which gave the largest hourly production in cubic yards

is designated on the curves by a circle.

Optinun Curves
- The two most important elements controlling the_opfimum

production of earth material by means of a scraper were
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calculated and then ploited (see Appendices C and D). These
elements are the time that the scraper could spend loading
that gives the lowest production cost per cubic yard, and

the time that the scraper could spend loading which gives the
largest hourly production in cubic yards. From the graphs

it is seen that there exists a close relationship between

the two loading-times and the travel times for which they
were computed. The points of minimum production cost for

the increments of loading time were plotted and are designated
on the curves by circles. The points of maximum hourly pro-
duction for these increments were plotted and are designated
in the curves by X's. A dashed curve was drawn half way
between the two solid-line curves to ihdicate the optinum
loading time for each combination of scraper and pusher

(see Figures 6 to 16) . The curves are termed optimum because
they indicate timés that the scrapers could spend loading
which would allow for a compromise between maximum yardage

of earth removed and minimum cost of excavation.
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CONCLUSIONS

Loading-Cost Curves

The loading-cost curves of the scrapers show that
as the number of pushers incréase the loading costs per
cubic yard increase. Moreover, the cost per yard of using
two small pushers for 1oading a scraper is greater than the
cost per yard when using two large pushers. This indicates
that the size and number of tractors used for pushing a

scraper are critical (see Appendix B).

Production-Cost Curves

The terms "short haul time," ¥medium haul time,"
and "long haul time" are used to divide the haul times
analysed in this investigation into groups. Short haul
times include times from zeror through two minutes, medium
haul times include times from two minutes fhrough five minutes,
and long haul times are any times greater than five minutes.
In an ana1YSis of Table II and Appendix C, it is
apparent that the use of three pushers in'tandem is above
the economic limit. 1In ﬂoiét sand, the siﬁgle pusher appears
to be the most economical for short haui times and two pushers
in tandem appear to be the most economic for medium and long

haul times. In clay loam the single pusher appears to be the

33
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most economical for short aﬁd Medium haul ﬁiﬁésg and two
pushers inhtandem.appear to be'tﬁe most economical for long
haul times. |

When comparing the curves that rvepresent two scrapers
working in moist sand and hauling in the mediun time range,
two pushers are ihe'most economical. However, in clay loam
only one pusher is needed for the large scraper. There is
also an indication that the smaller pushers . in tandem are
not as economical as the larger pushers in tandem. An examina-
tion of the curves on each side of the points of minimunm
cost indicates that the loading time is not as critical for

short and medium haul times as it is for the long haul times.

Production Curves

The scrapers Can.excavéte larger amounts of moist
sand than clay 1oam in equivalent times presumably because
of the better loading characteristics of the moist sand. It

is observed that the portion of the curves on each side of
the point of maximum production has a greater slope change
for the short haul'iimes than it has for the medium and long

haul times.

Optimum-Production Curves

The optinmum loading time of a scraper is affected by

the haul distance (see Figures 6 to 16).



TABLE II

PRODUCTION COST IN CENTS PER CUBIC YARD

M

0IST SAND

Minutes

‘ ' Travel Time in
Scraper Pusher 1. 2 3 VN 10 20 30
28 yd. 14 8.4 12.2 15.7 19.0 22.1 36.8 65.5 95.1
28 yd. 24 8.5 11.6 14.51.16.3 20.0 33.2 58.6 83.8
28 yd. 34 10.2 13.1 15.9 18.6 21.4 34.6 60.3 85.6
28 yd. 2B 9.6 13.1 16.5 19.7 22.8 38.2 68.0 97.3
21 yd. 14 8.10 11,7 15.3 18.2 21.4 35.8 64.5 92.9
21 yd. 24 8.7 11.7 14.6 17.4 20.1 33.5 59.5 84.7
21 yd. 2B 9.5 12.9 16.1 19.2 22.3 36.7 65.2 93.2
CLAY LOAXM |
Travel Time in Minutes
Scraper Pusher 1 2 3 Y o7 20 30
28 yd. 14 8.3 11.9 15.2 18.3 21.4 35.9 63.4 91.7
28 yd. 24 9.6 12.9 15.9 18.8 21.6 35.6 62.8 89.7
21 yd. 14 7.9 11.3 14.6 17.8 20.9 36.4 66.9 97.2
21 yd. 24 8.9 12.0 14.9 .6 34.3 60.4 86.5

17.8 20
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Twenty-Eight Yard Scraper in Moist Sand

lWhen‘{hé optimum—lbading curves of pusher combina-
tions 14, 24, and 3A for the same haul times are compared,
it is observed that a decrease in pushing effort resulté in
an increase in the optimum loading time (see Figures 6 to
9). When three tractors are used for pushing, the range of
optimum loading times extendslfrom 0.3 minute of 1oading'time
for a haul time of one minute to 1.0 minutg of loading time
for a haul time of thirty-minufes»(see Figure 8). When one
tractor is used for pushing, the range of optimum loading
times extends from O.é minute of loading time for a haul
time of one minute to 1,55 Minutesrof loadiné‘time for a
reul time of thirty minutes (see Figure 6).

The minimum~-cost and the maximum-production curve
for a scraper converge as the pushing effort decreases (see
 Figures 6 to 9). This relationship is more evident for the
curves representing a scréper being pushed by a single pusher
(see Figure_6); For haul times of less than.four minutes
the curves beqomé almost horizontal and the loading time is
important. The optimum loading curves for haul times between
four and eight minutes have a distinct change iﬁ,slope,v This
change is a result of changes in the load-growth curves. As
the load-growth curves df the scraper become horizontal, the
opiimum loading curve becomes vertical.

It is observed thaf»thé optimur loading times of

scrapers beding pushed by the two combinations of two pushers



TABLE IXI
PRODUCTION IN CUBIC YARDS PER HOUR

37

MOIST SAND

T , Travel Time in Minutes
Scraper Pusher 1 2 3 4 5 10 20

21 yd. 28 720 432 337 249 206 113 59

30

28 yd. 14 660 409 304 245 206 116 62 42

28 yd. 24 870 527 384 305 253 139 73 50

28 yd. 38 986 576 412 322 265 142 74 50

28 yd. oB 225 443 326 259 216 118 63 42

21 yd. © 14 609 369 273 218 182 101 54 36
21 yd. 24 777 460 333 262 216 116 61 41

- 21 yd. 2B 655 397 290 230 191 104 55 37

CLAY LOAM |
Travel Time in Minutes

Scraper Pusher 1 2 3 4 5. 10 20 30

28 yd. 14 690 434 325 262 220 123 66 45

28 yd. 24 819 504 369 292 242 131 69 47

21 yd. 14 604 373 272 215. 179 97 51 34

40
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each are closely related; however, the optimum loading
times of the two smaller pushers are slightly greater than
for the two larger pushers (see Figures 7 and 9).

Twenty-One Yard Scraper in Moist Sand

When the curves for the t%ehty-one cubic yard scraper
are compared, it is obser#ed that as the usable tractive
effort of the pushers increases the optimum 1oaéing_time of
fhe scraper decreases (see Figures 12 to 143° The minimum-
costkcurve and {he maximum-production curve representing the
two larger pushers diverge as the travel times increase (sce
Figure 13). Qhen the two scrpaers work under the same condi-
tions, if is observed that the smaller scraper should spend
less time loading than the 1arger‘scraper (see Figures 7
and 13).

Twenty-Eight Yard and Twenty-One Yard Scrapers in
Clay Loanm

The same generallintefpretations can be made from the
optinum-loading curves of the twenty-eight yard and twéﬁty;ﬁne
yard scrapers working in clay ioam as were made from the
 other optimum-loading curves of the scrapers wofking»in moist
sand (see Figures 10 and 11 and Figures 15 and 15). Under
the same pushing and hauling conditions scrapefs should
generally spend more time loading clay loam than loading moist

sand.
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Recommendations

Othér Variationsvof load-growth curves for different
combinations of scrapers, pusheré, and soil types should be
analyzed in a similar'manner so that more empirical relation-
ships can.be develdped, These relationships could help'
contractors and operators-of earth-moving equipment‘to select
optimum loading times for iﬁdividual»scrapers for specific
working conditions.

7 Field tests should be conducted to determine additional
values for the coefficient of traction of soil typeé.

Additional field tests should be carried out to determine
the physical properties bf‘soil so the design of earth-moving
equipment can be more closely felated tb_particular working

conditions.



STHMARY

Production-Cost Curves

There is an economic range of pusher sizes for each
type of earth material and each size of scréper. One exanple
in this investigation indicates that three pushers of the
same size are not as economical to use as two pushers of
the samé_size, There is also a trend which indicates that
for long periodsiof haul time it is more economical to use
two pushers than it is to use one pusher.

Calculations indicate that the more horsepower and
weight that can be'contained in one pusher the 1ower the
production cost of the earth material. The production cost
of earth material is greater when several small pushers are

used than it is when a few large pushers are used.

Production Cost

The scraper with the most pushing power develops the

highest hourly production of éarth material.,

Optimum Curves

It is observed that as the usable effort of a pusher
increases the optimum loading time decreases. In all instances
scraper loading time to givé minimum production cost dis less
than scfaper'loading time to give maximum production. The

40
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- data indicate that a scraper should spend less time loading
earth material with a high coefficient of traction than

. earth material with a low coefficient of traction.



APPENDIX A

LOAD-GROWTH CURVES















APPENDIX B

LOADING-COST CURVES















APPENDIX C

PRODUCTION-COST CURVES




































APPENDIX D

PRODUCTION CURVES




































APPENDIY B

CLOSSARY



¢ LOSSARY

PUSHER: This term is applied to any rubber-tired or
track-type tractor used for pushing a scraper while it is

loading.

DRAWBAR PULL: This term is defined as the maximum

effective pull which a‘tfactor can exert under a given set
of conditions. The drawbar pull does not include the pull
necessary to move the tractor.

STRUCK CAPACITY: Struck capacity is defined as the

product of the width between the scraper side plates multi-
plied by the area of one side plate. ZEjector extensions do
not add to the struck capacity. The volume occupied by
internal projections din the bbwl is not deducted from the
struck rating.

HEAPED CAPACITY: The heaped capacity of a scraper is

essentially the struck capacity plus a heap bounded by fouf
forty-five degree planes éxtending up from the top of the

apron, the ejector and the side plates.
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