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THE EF¥ECT OF GRADES UPON THE PTRFORMANCE AND

OPERATIONAL COSTS OF TRUCKS
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INTRODUCT ION

The transportation of logs from the woods to the mill
has always been o major protlem, In the past the railroad
has been the most common means of moving logs. When tim-
ber stands were large and the y@@ld per acre great, the
logging operators could afford to invest in expensive rail-
road equipment. When the timber stands became smaller and
further spart some other means of transportation had to be
found. The motor truck seemed to be just what was needed;
initial cost was low, terrain was not a limiting factor,
and drivers were easily secured., Many operators thought
that the truck was the final solution to the transporta-
tion problem. Hence, the necessity of heavy investments
in locomotives, railroad cars, steel rails, ties, grade
and right-of-way maintenance, and svecial train crews
would thus be eliminated. Only a comparatively few trucks
would be necessary and they would cost only & fraction of
what a single locomotive would cost, also some sort of a
road would have to be built into the woods. With a reduc-
tion in the total investment the profit realized would

increase. However, many of the loggers soon ran into
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serious difficulty. Beczuse not enough was invested in
road construction, usually only the cost of az bull-dozer
to push the rocks out of the wezy so that some sort of
alignment could te made delivery to the mill wes slow and
sporadic. Trucks could not meke good time over the rough
roads, aﬁd in reiny weather the movement of the logs al-
most ceesed. Some of the operators tried to solve the
problem by hiring contrect carriers to deliver a stivulat-
ed number of logs to the mill within certein time limitsy
others went ahead and built better rcaedsy; but profits, in-
stead of increasing, fell.

When trucks vere first used in the woods the loads

that they could cerry were smells it took many trips to

-y

deliver the nuriber of logs thet would heve arrived in a
single train-load. The operators soon demanded larger
trucks, and the sutomotive industry kevt pace with the
demends a5 best they could, but scon the requirements of
the logger exceeded what evern the largest tvve of cormer-
cial trucks would accomplish, The kind of truck thet they
wanted was not in common use, and the large menufacturers
could not supply them. Consecuently, the logger hed spe-
cial pilot models built by the smeller firms. The larger
truck manufacturers said that trucks of this huge size

would never prove ecomomicel, However, the logger oroved
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thet these trucks were economicsel, and thet the lozads
carried were so large thet the unit costs dropned consid-
erably. The log operstors were enthusiastic and hac even
larger trucks built - trucks that could cerry more then

the 0ld type railrozd car. In order to meke these truclks,
meny necessary and expensive devertures from conventional
truck design had to be made, The logger wes epvelled, as
truck costs had risen from a few thousend dollars to twenty
or thirty thousand dollars. He wes zgain heving to invest
heavily to get the logs out of the voods. XFrypensive ecuip-
ment wes re-employved in the logging oneration, but the
logger, in order to economize, cut road construction ccg

to a bare minimum. Some of the overators survived: others
did note. Those that did survive soon reslized thet if the
roads were improved, truck speeds could be increased znd
that even a delivery schedule couvld he kent. However, it
was found thet there is e balance between possible safe
speeds anc the cost of improved roads. The lesrger opera-
tors have discovered that this fundamental princinle is
sound and see only two ways of incressing the ¢
the mill: (1) to buy more trucks, or (2) to get larger

trucks. The trend has been toward the use of the larger

The present demands of the logger were stated at the

-

Sixth Annual Intermountein Logging Conference (17issoule,
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Montana, March 30 - April 1, 1944) Ty Zmmit Lston, who con-
tended that the highweys of the West were too light for
post-war service, -nd that in the future they chould be
uilt to cerry loads of 100,000 pounds and be wide enough
to accommodate 10 foot bunks. Mr. Aston also stated that
the ideal truck would be one that could carry a vayload

of 75,000 pounds and that to carry the load it must be
equipped with 12.00 x 24 tires.l At a recént meeting of
the Society of Automotive Zngineers (Seattle, Washington,
Avgust 22-24, 1946), the desire for larger trucks was
agein voiced by James C. Sheasgreen, Superintendent of

the Comax Logging and Reilwey Compeny, Ladysmith, E.C.,
who stated that vehicles with 200 horsepower engines would
e needéd.?

Those in the automotive industry are coming to hold
the same opinion as‘the logger about the need for larger
trucks. This opinion has bheen adequately expressed by
F. R. Nail, Assistant to the Chief Engineer of the Mack-
International Motor Truck Company, and Robert Cass

who is Assistant to the President of the VWVhite Truck

leeeso"Highway Log Trensportation", Timberman, Vol. 65,
No. 7, (May, 1944), n. 42,

2eeeee'Sheasgreen Pleads for Larger, Higher Powered
Trucks", Westcoast Lumberman, Vol. 70, Wo. 7, (September,
1946), p. 107,




Compa.ny.3 Foth of these men have expressed the belief that
the 300 horsepower truck will soon come into use. Recent
developments, the result of war demands, have been incor-
porated in new powerful models, which zre now on the
mzrket. Other developments are in progress.4 At the
present time some industries have reached the 100,000
pound load, notebly, strip-mining in the coal regions of

n Minnesota. These

(=5

Indiana and Illinois end iron mnining
industries are contemplating trucks of a2 still larger

capacity; however the trucks used in these operations

Beessele Re Nail, "Power Requirements in Trucks of the
FTuture", Commercial Car Journel, Vol. 71, Wo. 4, (June,
1946), p. 101 ff. and Robert Cass, "Trucks Five Years
Hence", Commercial Car Journal, Vol. 70, No. 6, (Febru-
aXTy o 1946), De 44 f£f,

4dyeeesFOor & more complete indication of the present trends
of the automotive industry see any lete issue of the
Commercizgl Cer Journal. The following articles are
recommended: "White Super-Power Engines Feature Mejor
Improvements", Commercigl Car Journal, Vol. 72, No. 2,
(October, 194€6), . 70 ff«, "Heavy Duty Federzl Develops
184 H,P.,", Cormercial Car Journal, Vol. 71, No. 4, (June,
1046), p. 130 ff. Though new models of the heavy-heavy
clessification (over 50,000 pounds gross vehicle weight)
keve been nut on the morket by White, Federal, Interna-
ticnal Harvester, and others there is still no vehicle
cepable of carrying a load of 75,000 nounds. There have
bteen rumors thet Mack hes plans for a truck with a 115,000
pound gross vehicle weight, and that Kenworth has plens
for a truck with a 106,000 pound gross vehicle weight;

tut at the present time the largest truck on the merket

is a Sterling, model HCS-33%-H, with & gross weight of
80,000 pounds. Deducting the weight of the wvehicle would
mean a payload of about 65,000 pounds. Engines have recched
s high s 220 horsepower, with displacements of 13C0 cutbie
inches. To increasse power cuirut end still stey within &
reasonahle size crectes 2 difficult engineering problem.
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are of a specialized design for earth-moving and are not

epplicable to logging.

When the investment in & single piece of eguipment
reaches the point thet it bas for these large trucks en
operator has to realize the maximum profit; he has to
know what he is buying and how to get the most out of
his investment. The only way maximum efficiency can be
realiied for a ftruck is tovknow exactly how, where, and
when the truck is to be used. Many loggers buy a truck
regardless of the logging situation, and when hauling
costs rise they blame the equipment rather than themselves
for not planning for maximum opersticnsl efficiency. Each
operation will call for & different plen. TIn some cases
it may be best to buy the conventicnal type of truck; in

others it may be better to invest in the larger vehicles.

H

One situation might cell for & good rosd, ancther, for s

ded that the

e

dec

0

less expensive type of road, If it i

less expensive road is to be built, can the larger trucks

o

travel over it at a satisfactory rate of speed or would it
be tetter to use smaller trucks? Questions like the zbove
are alweys facing the logger, and the only answer has been

experience,

OSS. — U

BeeeesVirgil Graves, "Euclid Trucks in Minnesota",
Symposium on the Handling of Pulk Meterisls, pp. 15-19.

-



In mountainous country the presence of grades has
always been an importent problem. Grades increease the

running time and the operating costs rer trip, but whether

e

t would pay to reduce them hes never been accurately
determined. More can be spent on grade reduction when
large trucks are used snd total cpersting costs exe high,
than when the smaller trucks are used, whose operating
costs are less and their loads smaller. A balence exists
between the amount that car te spent to recduce = grade
and the benefits thet will be derived from the recduction.
It is the purpose pf this paper tc show how this telance
may be found for each situaticon. |

The actual conducting of tests tc cetermine overating
costs and time ssvings on verious grades would reguire
lerger faciiities, then are availekle. Therefore, in the
mein, this thesis consists of = compilation of the work,
together with s record of the experimentation of others.

.

However, the work seems to be in order as extended secrch

[eh

has revecled no complete text by vhich the savings made
possible by grade reduction can be analyzed.

It should be evident that the consideraticn of grades
will e closely connected with the investigetion of truck
engines and their ability to meet the power reguirements
involved in oneration. The first section of this paper

will deal with the various resistances offered to the



movement of any vehicle. These resistances will be dis-
cussed in the following order:
1. Internal fricticn, otherwise Imown as
internal resisﬁanoe or chassis friction.,
2., Resistance to acceleration.
z. Traective resistance, has been defined by
Aggas, "....the hypothetical force whose

ction is parallel to the roed

4]

linewof
surface end the longitudinal axis of the
vehicle, and whose magintude is equeal to
the summation of the components in that
line of 211 external forces acting on
the vehicle when it is traveling on a
| 6
level road surface".
4, Grade resistance.

The following section will be devoted to the cevelop-
ment of formulae by whick the performence of a vehicle may
te computed. Since performance depends upon overcoming
the various resistances, it is well to heve =z complete
understanding of the first section Tefore proceecing tc
the second.

Besicelly there are two ways by which vehicle performance

6..0seTractive Resistance of Automcbiles and Coefficients
of Friction, Jowa Engineering Experiment Station, Bulletin
88’ 'Q. 60
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mzy be computed: one method is based on the torque pro-
duced by a given engine, the other upon the horsepower.
The figure following shows graphically the torcue and
horsepower output of an engine st verious engine speeds.
Orginally all of the calculations of perfgrmance were
besed upon torque; however, many of the manufactgrers are
beginning to realize the fallacy of this method and as a
result are changing to the horsepower method.

To enable the engine to perform adequately power is
produced, An engine's power, which is simply the ability
to sustain a turning effort on a revolving shaft, has two
components, torque and speed. Torque is measured in terms
of wmounds of effort at a one foot radius; speed is meas-
ured in revolutions of the cranksheft ner minute., Teken
together toréue and speed produce power, or the 2bility
to do works either by itself;is not power. Toraue which
is static, may.be exerted on a stationery sheft, but no
work can be done by static torque. Speed might be pro-
duced with zero output of torque. The shaft might be
kept turning, but if enough torque were produced just to
keep the shaft turning there could be no work. Any for-
mula based upon torgue is based upon the assumotion of a
static condition, an assumption which does mnot erxnly to
vehicle operation. A needed dynamic formula can be

developed by substituting the horsepower concept for the

«Oa
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torcue concept, since horsevower is simply the torgue times
the speed. The factors of onerformence =re the seme; neme-
ly, the tractive effort and the tractive resigtance, hut
their velues are expressed in terms of horsepower or foot-
pounds ner minute rather then static pounds.

The third section will desl with th= szvings that can
be made when grades are reduced., The determination of
these savings will be divided into two classes: (1) those
sevings vossible because of o reduction in fuel consump-
tion, and (2) those savings in heuling time due to an
increase in soeed,

The last section will be devoted to & semple vrotrlem
in which it will be recuired to determine the correct
type of truck for the situestion; what type of road would

be best suited for the oneration; and what savings, if

(—*-
[

oy,

any, 2re poscsible from grede reductions.
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SECTION T



Internsl Resistanc

0]
.

Internal resistance consists of 211 those intermedi=-
ery resistances encountered between the engine to the
drive wheels., The majority of the resistence comes from
the driveshaft, wheels, brake-drums, and ﬁhe churning of
0il in the main and auxilary trensmissicns. Generslly
all of these resistances ere teken intc account by multi-
plying the brake horsepower of the engine by a predeter-
mined fector, and thus obtaining the power availeble =zt
the wheels., In practice this figure is generally accepted
as «85; in other words, 15 percent of the power of the
engine is lost before it reaches the wheels. To assume
that the internal friction is constant in all vehicles at
21l speeds is unsound,

Personal interviews with engineers of the General
Motors Corporation, Federal Truck Company, and the Chev-
rolet Division of General Motors has proved that the
majority of the manufacturers reelize the fallacy of this
constant vercentage theory, tut as yvet none of them has

done any work to find out exactly how much internal



friction hinders truck performance.

Since this constant nercentage theory involves con-
siderable error, some other method must he deviged by
which frictional losses may be accurately determinede.

In 1942 the Pubtlic Roads Administretion underitook a
series of tests to deterr -ire the "grade gbility" of
trucks.7 In the course of the tests it was found neces-
gsary to determine the efficiency of the vehicles used.
Recause of the relatively large number of maphines tested

and the accuracy obteined, 2 cor“letc expl tion cf the

process will follow.

The results of actusl grade tests, together with the

certified power, were used to provide efficiency factgrs
for all the vehicles tested. The efficiency factors were
obteined by a@plying the results of actuel grade tests to
o basic formula derived by ecuating the force produced at

1 -

the driving wheels with the sum of the graede and trective
registances.
The basic formule used tc comopute the grede ebility

of a2 vehicle is as follows:

7eeeeeGrade-abiiity" is an engineering term used to
designeate the grede climbing 2bility of a vehicle.

Beeeeslarl C. Szaal, "Hill Clirbting Ariiity of Motor Tiu
Public Reals, Vol. 23, No. 3, (May, 1942), po. 44-46,




CVY - x GR xR, x 12
r(f ¥ g)
where
GVW is the gross wvehicle weight in pounds,
T is the torcue of = given engine speed
in foot pnounds,
GR is the total gear reduction,
Re is the efficiency factor,
r is the effective radius of the driving

wheels in inchesg,
f is the coefficient of tractive resist-
ance in pounds per pound of gross
vehicle weight (See the tables following),
g is the grade rise in feet ner foot, and
12 is the conversion factor for inches to
feet.

The efficiency was then determined by solving the ecuation

for Re as follows:

-

GVW = X GR X Re x 12
r(f & g)

GV (f + g)

T x GR X Re x 12

P‘e = GVW(f + g)r
T xGR x 12

The numeretor revrecents the torcue actually produced at
the driving wheels; and the denominator the torcue thet
would have heen vroduced st the same pocint if there had
been no losses during the transmission of power,

The following is an example of the methods emploved.
A certein tractor-truck semitrailer mainteined a soeed of

25 miles pver hour in fourth gear on a 4.5 vercent concrete
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graede., The radius of the driving wvheels for this weight
and the coefficient of tractive resistance for the weight
and speed involveld were determined to be 16,9 iﬁches and
0.015 pounds per pound of weight, resvectively. The totsl
gear recduction when the vehicle was operated in fourth
gear was 7.1l5.

Charts that showed thé certified power and torcue at
verious e?gine'speeds were used to ascertsrin the torgue
produced at the engine. In order tc obtain the torgue it
was necessary to find the engine speed ecuivalent to a
roacl speed of 25 miles per hour. The engine speed was

computed in the following manner:

RPM = 168 X GR x S

T

168 x 7,15 x 25
16.9

FPM

RPM = 1,780

where

FPM is the engine speed in revolutions per
minute,
S is the road speed in miles per hour,
GR is the total gear reduction,
r is the effective radius of the driving
wheels in inches, and
168 is the factor to convert units to
revolutions per minute.

The_torque produced at 1,780 revolutions per minute

was 165 and 156 pound-feet, the manufacturers certified



meximum and net torque resnectively. The efficiency fac-
tors for the maximum and the net torque were then determined
t0 be 90.5 percent znd 94.4 nercent by substituting the

values previously found in the ecuastion for efficiency.

1. For maxinum torque:

12,500 (0.015 + 0,045) 16.9
165 x 12 x 7.15

m
n

90 .5%

)
4]
n

AV

. TFor net torque:

Re = 12,500 (0.015 « 0,045) 16.9
156 x 12 x 7.15

Ry = 94.4%

The meximum torgue is nroduced by an encine thet is
stripred of 211 its accessor ies except those that sre
necessayy for its functioning. The net torcue is that
rroduced by an engine that hesg all the accessories orer-
eting, such es the fen, generator, exhsust vive, muffler,
teil nipe, and other equivment that is standsrd or reguler
equivment on the engine. The engines of the chassis
tested in the field were removed =nd tested on & credle
dynemometer to determine the net torcue and horsepower
available =t verious engine sveeds at full throttle. The

esults of these tests were compared with the net torcue
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end power velues certified by the manufecturer and were
found to be in close agreement in 211 excevt o few ceases.
In those cases wvhere there was o marked difference that
could not be explained, the efficiency factors were not
computed.

After the efficiency factors were determined for the

ch
2

ined for

=

various weights, en average factor was 4

D

eI

1

each individugl vehicle tesgted and for each gear retio
used, From the figures ohteined the curves shown on the
previous page were drawn., The curves are hyperboles, the
equations of which were determined hy the method of least
squares., The hyperbola was found to fit the points and
‘the conditions better than o straight line or parsrola,

The ecuations of the curves azre:
1. TFor maximum torgues

Ry = 74.36 & 29262
GR

Z. Tor net terque;

R_ = 85,64 + 26415
e r——— et
GR

The veriaztion that occurs zbout the averace efficien-

cy is indicated by a stendard deviation of 3.5 for the

H

maximum torque esnd 3.1 for the net torcue. In other words,
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68 vercent of the values lie within 2.5 nercent of the
efficiency shovmn by the curves.

It isg evident thaet regerdless of the geer retio usced
this method will give grester eccurecy then the old
method of a straight percentage loss in the trensmission
of power., It is therefore importsnt toc select the correct

FTactor with each Cifferent gesr retio.

Acceleratione.

Lcceleretion, the rate 2t which speed incresses, is
variously expressed as feet per second per second (Ft./
secz), miles ver hour ver second (17T TH/sec), or in temms
of acceleration due to gravity (22.2 ft./sec?).

<

It is necessary theat motor vehicles be powered suf-

ficiently so thet speed can be incressed from zero (in

ddition to overcoming inertis) to 2 desirable driving

)
speed in & reasonzble period of ﬁime._ The internel com-
bustion engine, bheceuse of its veculisr charazcteristics,
cannot accelerate a2 vehicle from zero speed if it is gesred
directly to the driving wheels, Some meens must be vro-
vided for the gredual accelerstion of the vehicle from the
start without stalling the engine. Thig effect is 2cconm-
plished by the clutch, vhich hy slinning, permits the

engine to run at a2 non-stelling epeed vhile the vehicle is

gracdually sterted. (The hydromatic drive .is = good

-17-



s princinle.) Thereafter, the renidityr

H'

(‘n

apvlication of th

ower develoned by

=

of acceleration will depencd uvon the

3

the engine at each particular sneed. Since the horse-

power of the motor will increase with the number of re-

[~te

volutions of the driveshaft, the trocduction ¢
gears enckles & grester accelerstion of the vehicle a2t the
lower speeds, this is why three or more forrerd spnesds are

used on motor vehicles, The basic lew of vhysics feor

eacceleration is:

-
Al

o9 =z

R

a,

snere

R8 is the force in pounds recuired to
" accelerate the body

Y iQ the weight of the body in pcurnds,
g is the accelerstion of rvﬂ"ﬂ+” in Teet

per cecond pmer gecond, and
e is the acceleration of the tody in
feet per second ner second.

D)

To convert the z2bove formula tc antomotive vee, =nd to
cetermine the force recguired in horsevower, severcl chences
ere necessary. The horsepower recuired for sccelerstion is

obtained by multiplying the force recuired by the distence

=1
s

the vehicle will +trevel

{‘J

one second Dividing the result

-

vy one horsepower, 550 foot-pounds vner second, will keep

the terms uniform. The new formula will then be:

-18~



gzﬂ; a x d
3242 H

550

H.P‘. =

but since the distance traveled in one second is

A i .
E.Pp. = 5280 feet ner nile % 11.P.H.
3600 seconcés per hour

the new forrmuls becomes,

CV¥W . x 5280 w.p.H.
32.2 3600

550

H.P.

factoring,

550 H.P. = &V¥ . x 5280 yr p.H.

= =2
32,2 3600
550 H.P. = VW _ o x 1.466 M.P.H,
22,2

(32.2) (550)H.P. = (GVW) (a) (1.466 1., P.H.)

H.p. = (GVW)(2)(1.466 1.P.E.)
(z2.2) (550)

(Gviy) (=) (M. P.H.)
12,000

E .P’.

vhere

H.P., is the required horsepover for
’ acceleration,
e 1s the acceleration in feet per
second,



GV is the gross vehicle weight in pounds,
MPH., is the vehicle sneed in miles per
’ hour s &1 ol
12,000 is a constant conversion fector.

The rate of zccelereiion of motor vehicles varies
videly. Torithe heavier trucks and tuses, it will be about
one foot per second per second; for some of the high-
powered passenger cars, it mey be as high as four feet per

second per second in third gear.

|.:.

Yhile 211 trucks, when loaded within their recommended

capacities usually have adeguate power to start, enough

power should be available so that accelersiion cen be mace
in the higher gezr ratios in ocrder 1o maintain an adecuate
speed under 211 conditions.

The formule just developed mey be used in seversl
ways: (1) to determine the power necessary to accelerate

from zero miles ver hour to some given stesed, and (2) to

3

determine the power recguired to accelerate even more while
the vehicle is in operation. Actually one is nerely =
verietion of the other.
Example:

As an illustration of this first method, let it be
assumed thet it is desired to find the horsepower required
to accelerate a 60,000 pound vehicle from zero miles per

hour to 20 miles per hour in 20 seconds, which would be

.875 feet per second per csecond, Substituting in the

~20=



formula, the result would e zeg follows:

(60,C00) (.,975) (20)

I—IOP. :

12,000
H.P, = (5)(.975)(20)
H.LP. = 97,5

The sgecond method is used to finc the emount of
accelerative ebility left in an engine when the vehicle

is ectually in operaticn,

les

Lt

Assume the same vehicle vies orerating at 20 m

1

ver hour, the horsepower cenacity of the engine was 220

and thet the vehicle required 180 horsepower for oweration,

i
-

0 horsepover would be left for accelerative purposes.
Therefore, wheal escceleretion cer he esxrected frer the re-
gcrTve power. Since,

u.p. = (ev) (2) (PE)
12,000

clearing the fraction:

12,000 H.P, = (GVW/) (=) (1PH)
therefore,
e, = 12 ,OOO H.P‘.

(6vw) (r2H)

substituting,



(12,000) (40)

(60,000) (20)
2 = 2
5
2 = .4 feet ner second per second.

The acceleration of .4 of 2 foot ner seconc »ner second is
more than adequate for all general DUIDOSES.

It is safe to have some reserve nover for Hassing,
grades end emergencies. Zconormy suffers with reserve
power. Since gesoline engine is most economical when
overating closest to its meximum torcue output, it is well
vhen selecting a truck to consider the ecceleration thet
will give optimum overation.

Trom the date nresented it cshould he evident thet

4

cceceleration depends on reserve nover and thet the lower

0]

the totel reduction the gresater the ressrve pover and,
hence, the grester the acceleration. For logging trucks
vhere huge loads zre moved, acceleration is extremely im-
portent, this is indiceted in the chert shovn on the next
vege. Here are shown the five normal speeds found in a

truck with a gross weight of 20,000 nounds; the speeds

]

are plotted sgeinst the engine revolutions; power recu

[dd

red
is plotted egainst the availakle power. In the first

speed the power aveilable at the governed sneed is 12 or

-20-
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13 times that recuired, the speed being 6.2 miles ner hour.
At this seme speed in second; the engine is recduced to about
1100 revolution per minute, where it still hes five or six
times the reguired power, this meens a high sccelerative

T e~y
PN I R

the curve.

i

ability es indicated by the flat slone o:
mum speed in fourth, however, recuires more then a third of
the aveilable horsepower, Fifth gear =2t the ssme speed

drovs the power dovn to only ghout helf-agein what is need-

ed at the governed speed in fifth; the horsen
5 =

O

wer cevelopned
is 1little more then that reguired. It will he noted the
the slope of the fifth speed curve is steeper than the
others, = fact which shows that the scceleration ig rela-

tively limited.

Tractive Resistence.

Trective resistance hes heen defined a2g the totel of

2ll external forces ecting asgzinst the movement o

=

)
2l

vehicle on a level road, these resistences sre listed belowr.
T. Air resistance due to the retsrding effect
of the =2ir vhen the cer is in motion.
1. Density resistence is thet »ert of air

resistence due to turihulent vhirls on

(e r]

eddies ceused by the irreculerities of

the vehicle body.

Ay}

o Viscosity resistence is that nert of air

n)
(SN



registence sttrituted to friction he=

tween the body of the vehicle and the

QD
1o
H

surrounding silr.
II. Rolling resistence is cdue to contect re-
sistance hetween the vehicle and the road.

s thet nert of rolling

|-t

1. Road resistance
resistence thet is due to friction be-

tween the tires znd the surface of the

=
o

l_.l
l...l
e

ng resistaence due to the reterding
effect caused by the roughness of the
road surface.

Although“both air and rolling resistance are composed
of component parts, as shown above, they are generally
considered as two distinct items rather then bveing broken
apart. This method is followed in practical use.

I. Air Resistance.

.

Air resistance which is often miscelled wind resistance,
is simply the resistance to passege through still air offered
by the form and frontal areas of the vehicle.

Air resistance, wnen the speed of a vehicle exceeds 60

miles per hour, becomes of the utmost importance. It has

been estirated by Ley that when the speed exceeds 60 miles



per hour, air resistance accounts for 60 percent of 21l
the resistances.9 Togging trucks will seldom reach this
speed, but it is still en importent factor because of the
large frontal ares presented by a loaded truck., VWhere
large lozds are carried even at medium speeds the effects
;of air resistence rmust be considered.

Air resistance computations ere bhased upon three
factors, namely, the frontel area of the car, the sero-
dynamic factor, and the velocity of the car,

Frontal arez, expressed in sqguare feet, is the total
width of the vehicle times its total height, less openings
such as those between wheels znd rounded corners. AS a
rule, smell suotr@ct¢ons of this kind are ignored becoL se

these smell openings are respongible for slight incresses

e
n

unit resistence cdue to a burbling effect. Air resist-
ance, therefore will be directly proportional to frontal

arec.

The zerodynamic factor is the cdegcree of fineness of

~

the solid form of the body from an air resistance stend-
point. In other words, to use a popular, if somevhat in-
accurate phrase, the degree to which the body is streem

lined. The aerodynamic factor is expressed z=s a constent,

9eeess"Air Resistance to Motor Vehicles®. Proceedings,
Highway Research RBoard, Vol. 11, part I, pp. 56-55,
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K, which has been determined by exoeriment in wind turnels.

However, K, haes not heen well estehlished for trucks end
10 .

may renge from 0.0018 to 0,0025. The constant will vary

tetween an oren reck body with a high hesd-board enc¢ tzil-

hoerd, representing the highest resistance, to & stream-

lined tank or van, representing the other extreme.

Density resistance,; caused by turbulent wvhirls znd
eddies wepresents the dissipation of kinetic energy; it
varies theoreticelly ag the scusre of the_speed.ll
According to Lay, density resistance constitutes 85 to
90 nercent of the total air resistence, this percentage
can probably be reduced with more efficient streamlining.12
The air resistance remzining is attributed to viscosity re-
sistence.

Viscosity or skin resistance, as it is more commonly
called, occurs in the layers of eir close to the body and
other surfaces of the vehicle. Ixperiments indicate thet
this resistence cen te taken as en exponent of the sveed,

13
about 1.4 or 1.D0.

10¢essHarry Tucker and Marc Leacer, Highway Economics,
P. 275,

1le.eeeR. G. Poustion, Tractive Resistence as Relsted to
Roadway Surfaces and Motor Vehicle Operation., Ilowa
Engineering Exneriment Station, Pulletin 119, p. 8.

12.+....0p. cit. Proceedings, Vol. 12, Pert I, pn, 66-75,

13¢¢seeRe Go. Paustian, Op. cit., . ©.



The totzal air resistance met by eny vehicle is com=-
posed of two mein resistances, one of whichbvaries e
the sousre of the speed, and the other as some nower
slightly less than the squere. The aggregete of the two
parts might be expressed as a single resistance that
bvaries 25 some function of the speed, the exponent of this
speed factor might be less than two.lé Since having de=~
veloped the component parts of air resistance, the follow-

ing formula can be derived:
R, = 0.0025FA(MFH?)

where

R, is the air resistence in pounds,
TA is the frontal srea in square feet,

MPH is the vehicle speec in miles per
hour, and
0.0025 is the streamlining constent.
To convert the product to horsevower from »ounds it
is necessary to multinly by the spead in feet per minute
to ortain foot-pounds per minute, then divide by 23,000

to get the horsepower equiValent. The formulsa will then

become ,

R = 0.00257A(MPER) (88 = 1TE) ,
- 33,000

14ec.0.F0r a move complete onelysis of eir resistence see:
Tnide., Pre 8 ff. and J. C. Hunsaker, “Aeroneutics
Mechanical Engineers Hancdbook, p. 1323,

1
.
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which reduces to,

R, = (ra) (MPHES)
’ 15,000

The above formula is spplicable where the coefficient is
. 0.,0025, as is the case for the larger trucks. Otherwise
the general form of the formula, in which any value may

be substituted, must be written as shown belows

r = (X)(Fa) (ueE®)
> 375

The following figure, prepared by the General Motors
Corporation, is from a chart showing air resistences at
different speeds yith various crpss-gectional areas. A
value of 0.0025 was usged foz'K, and an exponent of 2 was
usged in‘the basic formula, whiqh is used to determine the
air resistance in pounds.

Since the cross-sectionsl ares presented to the air
will change for every log load, vhere semi-trailers are
used, and since the trucks seldom reach high speeds, the
air resistance is of secondary importence only.

In data that will Te given later, teken from dzta
prepared by the Public Foads Administration, air resistance
was not figured separately, but was included with the

totel tractive resistance. This method will eliminate the
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=500
1400
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FPIGURE 4 - AVERAGE AIR RESISTANCE FOR CERTAIN FRONTAL
AREAS AND CERTAIN ROAD SPEEDS.
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.

tedious process of figuring sir resistance for each in-

15
dividusl case,

The following teble msy be used to determine the air

‘Q

resistance for & vehicle when the exact frontel area is
unknown. Although the table was develored by General
¥Motors it may be used for any vehicle. The smeller

bodies should be used, as the lesrger sizes are I0or vans.

16
Teable I

Projected Frontal Areas Of Trucks in Scuare Feet.

Wodels Small Podies Lerge Podies
Light Duty 30 50
Medium to Heavy Duty 50 70

I1. Rolling Resistance.

Rolling 7e

m

istance has been divided into two phecess

15esseeThe trucks used by the Public Roasds Administration
were equipped with low oven rack tedies, In the cese of
the single unit trucks the height of the frontal area weas
only 18 inches., TFor the semi-trailers the height of the
head =nd tail-boards was about 24 inches, The headboards
are similar to those used on logging trucks, wvhich have

low side-boerds or none vhen overating empty, and at

which the highest speeds are reached and the air resistence
is the greategt. VWhen the trucks are loaded ancé the
frontal area is meximum, the speed in most ceses will not
exceed 10 miles per hours consequentaly air resistance will
e at 2 minimum, and so caen almost be elimineated from the
calculation.

16eceee"Genersl Motors Date Book%, Performance Section.
Detroit, Michigan, 1945,




friction between the road surface and running gear, and

V]

[oN

impact resistance, both of which are depencdent upon the

o

road surface. For general stucy however thev can be taken
- together.
Rolling resistance can, nerheps, e best explained by
: . . . 17 .
considering Figure 5, which shows a wheel gbout to pass

cver an obstacle. From this figure o formula cen be de-

viced,
Figure 5 Rolling Resistance
7 = GVW/Zrh-h~
r-h
where

P is the force required in pounds to over-
come the obstacle,
GVW is gross vehicle weight on the wheel in
pounds,
is radius of the wheel 1
is the height of the obs

n inches, =snd
BN
[%

i
acle in inches.

o

o e —

17eee+4Ce Re Townsend, The Motor Truck in Woods Ovperat
De 63, - T

0]
Ao
[=
o]
a]
-
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assurmtions can nov te

and ruddy it may

-
§

medes
A belloon tire will recuire less force than

high pressure tire, due to the elesticity
of tires znd the lowered height

The force, ¥

uvon the weight on the vheel.

The road surfsace would he of major impertance.
anv road surfece, even the very finest type,
is not verfectly smooth, but has meny eleve-
tions and depnressions vhich »resent obstacles

to uhe vheels moving over them., On grevel
anc ecruh roads these obstacles may change

vvith weather. Vhen the road becomes soft

~

sink under the load so thet

the wheel will be continually at the base of
g smell 'hill', thus "h" will be & compere-
stant value,

tively large and cons

If the vehicle is moving 2t a high velocity

over a rough road, the vwheel mey jump zs a

result and "h" may become "Zh"

1

Tests made in pr of these assumptions have

resistance veries with the folliwing factors:
ae. The tiype of rcad surface and its rigiditye.
be The gross vehicle weight.
ce The sveed of the vehicle.

shovm

or greater.



-

Other factors have been found so inconseguential compered
with these factors thgt_t%ev zre genersglly considered as
cormonent parts of the above.

Figures 6, 7 and 8 have been given to show the re-
lative importance of the ghove factors. TFigure 6 is given
in proof of assumption a. Total resistances for four
tipee of road surfaces heave been plotted over speed.

Totel resistance of the rcugh dirt rcad is found to ke
seven times that of a good concrete vrcazd, proving that
roed surfaces must be considered., Figure 7 proves con-
clusion 'b'. Reading from the greph the total resistance
at 8000 pounds is 68 pounds, while at 24,000 poﬁnds the
resistance is 206 pounds when the speed is constant o
4 mileg per hour. XFigure 8 proves the scundness of con-
clusion c. Tﬁtal resistence is shown to increase with
speed. Weight and road surface are constant. Technically
then, it is not correct to sunegk of the rolling resistance

without definitely indiceting the speed of the vehicle,

ht of the vehicle,

s
m
‘..I
0]
e

tre tyve of road surfece anc th
One of the major fellacies in calculetions mede by menu-
facturers is thet weight and speed have been entirely
ignored and only road surface considered., With the tables
given at the end of this section this error has heen elin
neted with the result thiat greater accurecy can e obtained.

One of the maojor problems that cannot be colved, howvever,



500

ROUGH DIRT

AVERAGE EARTH

AVERAGE GRAVEL

BEST CONGCRETE

ROAD SPEED — M.PH.

FIGUEE 6 - AVERAGE TOTAL TRACTIVE RESISTANCE FOR A 10,000
POUND TRUCK AT VARIOUS SPEEDS ON 4 DIFFERENT
ROAD TYPES,
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TOTAL TRACTIVE RESISTANCE — POUNDS

A\

400"

300
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\\\
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100
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FIGURE 7 - AVERAGE TOTAL TRACTIVE EESISTANCE FOR STNGIE
UNIT TRUCES AT VARIOUS WEIGHETS AVD AT FIVE
DIFFERENT SFEEDS.
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TOTAL RESISTANGCE—POUNDS

2oor

100

20,000 POUNDS
GVW.

10,000 POUNDS
GVW.

ROAD SPEED —M.PH.

FIGURE 8 - AVERAGE TOTAL TRACTIVE RESISTANCE FOR A LIGET
THUCK AT TWO DINFRERNT GROSS WHIGHTS.
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is the inalility to set definite ratios for road resist-
ance as affected by different road surfaces. It would be
difficult, in fact, to attempt such a task, excent for

the most rigid and uniform type of road surface. The best
plan then, would be to establish resistence figures on a

the

‘pavement such ag concrete, end to use the

1

gures as an

L]

actors for other types

Hy

index, and to develope conversion
of rcad sprfaces. ith such a wide varistion of surface
types ag are found in this country these qonversion fec-
tors will have an extremely wide range. With a little
work any truck operator can find the correct conversion
factor for his particular use. Since several géthods
haeve been developed 1o measure'tractive resistance, it is
well to describe them.individually.

Thé towiﬁg method, as a means of measurement, is
adequately illustrated by L“y in hie Michigen testse.
The data given were the results of the first precticel
road tests made in the study of road resistances; however,
since the equipment is now obsolete and the load weights
were disregarded, the work is of historical wvzalue only.

L -

With this method the test vehicle is towed by another

184+esee"Michigan State HEighway Department Investigation of
Truck Performance on Grades". In: Proceedings of the
Eighth Annual Conference on Highway Engineering ﬁ€¢s at th
University of Michigan. D. 21, i '

=33
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vehicle, the pull on the tow line being recorded by a
dynamometer., Simple as this methnod sopears, serious
difficulties are involved. TFor instance consistent reed-
ings are hard to obtain, not only for smell veristions in
the road surface, but for slight changes in speed as well.
" Another serious objection is that the towing vehicle dis-
turbs the 2ir so that it is impossible to determine air
resistance.

The coasting method was used by the Qregon State
Highway Commission for the determination of fuel consump-

19 . .
tion. he requirements of this method of measurement

Rad

are several uniform grades of sufficient lengtﬁ to allow
a vehicle to reach a constant velocity for = considerable
time. The Dropeﬁl_"g force with the wvehicle in neutra

is equal to the down graede component of the weight of the
vehicle vhile the retarding fdfoe is & combination of the
roTllng and szir resistences. At some speed for =z given
grade the force of the vehicle and the oonposing resist-
ances are in equilibrium, therefore if the weight of the
vehicle is known, the commonent of this weight is parsllel

to the grade, =nd equal to the trective resistance. TEx-

U')

cent for wind veriebility and possible unevenness of the
road surface, this method gives an easy and accurate

measure of the tractive resistance.

19.....J0hn Beckey, The Effect of Hichway De31gn on Vehicle
Speed and Fuel Consumbtﬂon, Ore?on State Highway Debcrtment
Pulletin No. b, Pp. 11-14,

-34-



A method of direct measurement was developed by Paustin
of the Towa Engineering Experiment Station.zo As Tar as can
be determined he is the only one vwho has used this method
successfully. The Oregon State Highway Cormission tried,
hut found the apparatus too bulkly and unweildly, so dis-
'carded it for the coasting method.

Rather than find a grade long enough to allow z vehi-
cle to coast to a suitable speed, & direct drive mechanism
was.developed to measure the vpower required to drive the
vehicle., An electric motor was attached through the drive-
shaft to the rear wheels of the cer and the current needed
to drive the electric motor was furnished hy a éene"ator,
the armature of which was connected to the flywheel o
the gesoline engiﬁe of the car. The engine drove the
generater, which in iurn supplied the electrical energy
reqﬁired to operate the motor thoh was connected to the
rear wheels of the vehicle. The pover in the form of
electrical energy required to overcome tractive resistasnce
was applied to the drive shaft thru the electric motor,
and the energy used was a direct measure of the powver

. . . 21
redquired to drive the vehicle.

20eseeeloCe Ccite, PDe 13=-20

2le...0hlthough the use of electrical energy was unicue in
this case, it is not the first time it has been used. See:
N. A. Hell and I. M. Hargrave, "Bnergy Consumption of an
Tlectric Truck on Different Street Surfaces®. ERElectric
World, Vol. 61, pn. 1040-41; A, ®E. Kennelly and

-35a



The fourth and last method to be described, that of
deceleration, will be discussed in detail because it was
used in the tractive resistance tests conducted by the
Public Roads Administration. Since rmuch of the material
to be presented later will be taken from these tests, it
would be well to understand the methods employed..22
Where the majority of other investigations of tractive
resistance end tractive gbility were meinly restricted 1o
automobiles the project of the Public Roads Administration
Wwas restrioted to trucks with the aim of finding sone
method of eliminating treffic conjestion on hills by the
develovment of a more satisfactory road speed for trucks.
Over four years were spentbtesting 30 trucks which in-
cluded all types ﬁsed at the present time. It was the
most coﬁplete‘test vet made to determine tractive resist-
ance., The following conclusiohs have great significance
when applied to log truck overations
1) Crades should be reduced to 3% or less,

2) Engine power should te more than doubled,

3) CGross weights must be reduced.

O. R. Schurig, "Tractive Resistance of & Motor Delivery
Wegon on Different Roads at Different Speeds?, Institute
of Electrical Engineers, Trensactionsg 235, pte 2, Pne. 925~
53+ He B. Shaw, "The North Carolina Road Test Truck",
Hirshwey Research Roard, Proceedings 6, pp. 66-81,

22‘.0.‘1!00. Citl’ Cal’l Ce Se-al, Pp. 40-44.



The decelerztion method of neasuriig trective resist-
ance on & level grade consists of allowing the test vehicle
to coast to a stop from a hiszh speed to either z lower
speed or & stop. During the time in which the vehicle
coasts, records of elepsed time end distance are teken.

QAS the name implies, the method depends unon the determine-

ticn of decelerstion.

ance from the time-speed records is that of plotting =z
time-distance curve. Two successive differentiations of
this curve will give, first, & curve which shpws the
deceleration at o given instant =nd, secpnd, a curve
which shows the actual velocity. The graphic method of
differentiatigg these curves may be successfully used,
Thé deceleration of a wvehicle when cceasting on the
level in neutral gear is propértional to the forces that
oppose the motion of the vehicle, The following equetion
which expresses this relation is merely the accelerstion

Tormule given esrlier.

R = CVW

a, -_—a
g

where
R, is the total tractive resistence in

pounds, to decelerstion (or
accelerstion),



[ep}
.

s the weight of the vehicle in pounds,

s the accelerstion of gravity in feet
per second ver second, and

2 is the linear deceleration for acceler-

ation in feet per second ner second.

This éguation, however, does not invelve the energy

L

. that is stored in the rotating narts when the vehicle is
accelerating or decelerating. The energy of these merts
must e added to the energy of the linear motion expressed

as 'a' zbove. The force equivalent to this energy is:

® =

H
©

where

tox]
[N
n

the force equivalent to the energy of

linear motion, ‘

I is the moment of inertis of the rotating
parts,

r is the effective radius of the rotating
parts in inches; and

a, is the angular acceleration in r

second per second.

v}

dius ver

Q

[N

¥hen a vehicle is coasting in neutral, the only
rotating parts decelerating are the wheels, brake druns,
propeller shaft, and rear}axle assembly . The moments of
inertic of the propeller chaft and resr axle are so small
in comperison with that of the wheels that it is practical
to omit them from the consideration of stored energy. TFor

the wheels and brake drums the angular acceleration is

equal to % where a is equal to the linesr decelerastion

=38-



and, r is equal to the effective radius of the wheels.

e
energy of the rotating parts and of linear moﬁion, the

Substituting & for a_ end combining the equations for the
T

[

formuls for determining tractive resistance is:

R :G‘V‘!Ja
@ g

adding ¥, R, becomes Rt

Rt = QIE * E X T a
g T
R, = GV I
+ _--—g - T o a

j2y)
u
—~
&
=

S
O)a

where

R, is total trective resistence in pounds,
GVW is gross wvehicle weight in pounds,

5 is linesr deceleration of the wvehicle in
feet per secondé per second,
K  is the mass equivalent constant for
neutral geare. :

The mass equivalent constant can be determined ex-
perimentally if the deceleration is measured for a vehicle
coasting on two different grades, one of which can be, and

in this study was, levels As the total resistance on the

grade is equal to the totel resistance on the level for

-3



the same road speed and for the same load, the mass
equivalent constant can be determined by solving the
following equetion for KB.

AT wr _ GVY = GVW ,
GVW sin A 8y (—E_ * KO) aq (_é_ + uo)

which by reduction becomes,
X = GVW sin & - &Y (5 »

X, z ( o ag)

&g * 2q

where

K is the mass equivelent constent for

neutreal gear,

GVW is the gross vehicle weight,

A is the angle in degrees that the grade
line makes with the horizontal,

g is the acceleration of gravity in feet
~per second per second,

a. is linear acceleration on the grade in

feet per second per second, and

aq 1s linear acceleration on the level in
feet ner second per second,

=L

The mess equivalent constant can slso be computed
theoretically if the moments of inertia of the vheel
assemblies are knovm. In most cases these data cen be
obtained from the menufacturer and used to compute a con-

stant that could be used to check the experimental constant.

The theoretical K, is obtained by adding the moments of

inertia for the wheels and brake drums and dividing the

=40-



totszl by the effective radius. This, however, is

a tedi-

ous process and proves to be a2 slightly higher figure

than that found in operation,

recommended,

Actusl tests are therefore

A sample calculetion will show the process very read-

Data zre first ccllected on rates of deceleration

for =& range of sveeds, Taeble 2 illustrates

able for this purpose.

Deceleration in Miles per Hour per

Speed Run
MPH 27
X

Lol
OO BN

30 0359
32 374
34 «393
56 o414
38 4.4.4

® ot

Table 2.

Run
28
S

«320
341
371
«404
«456

Run
29
N

234
257
271
299
$ 332

378

Run
30
S

241
e2B3
271
299
322
¢ 348

Run
31
N

172
182
194
o213
0237
«270
« 306

Run
32
S

163
177
181
197
218
246
«291

Values of Deceleration for
trailer Coeasting on a Zero Percent Grade With a
Gross Vehicle Weight of 12,000 pounds.

-l1l-

(SR
)

0145
<154
162
173
«184
197
215
24l

g form suit-

Second for -

Run
34
S

141
141
141
151
«158
«181
«210
244

17PH /
S€Coe

142
«148
152
162
169
184
«200
o224
0228
248
o277
271
296
o327
« 351
«358
« 382
« 409

«450

Ft-/ cec o/
SEC

«210
217
eR23
238
0248
«270
293
« 329
334
« 364
«406
« 397
434
«480
815
«525
«560
«600
«660

a Tractor-Truck Semi-



(Hbte the wide renge of speed used in this instance and
that two test runs were made, one north and one south to
compensate for wind resistance.) These time-speed records
are the basis of 2ll calculstions and so should bte kept as
accurately as possible. The greph in Figure © is obtaihed
from the tine -speed recorcd. The curve for the zero grade
is teken from the column showing sversge decelerstion in
feet per second per second, and plotted over the appropri-
ate speed. The curve for the 4.5 percent grade is obtained
in the seme manner; The time-speed record for this grade
is not shown. From these two graphs the mass eguivalent
constant may be determined ag snown below, by substituting

in the formula (dats for 36 miles ver hour):

12000 (.0451) - 12000 (0,790 ¢ 0.600)

X = 3242

C (0.790 + 0,600)
¥ = b4l - 518

© 1.4
.L/\.O - 16 .4.

Since Kb ghould be determined more than once, the
average is found to be about 16. Total trective resist-

ance can now be found by the use of the formuls:
Ry = 2 (B 4 x )
g 0
which upon substitution becomes,

-l D
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o (12,000 , 16)

Ry Z5.2

Z00C
uuga

Ry

The accelerations being known, a2 taeble of resistances can

be prepared as shovn in Table 3.

Total Unit
Speed Deceleretion Tractive Tractive
Resistance Resistance
MPH Ft./sec.? Pounds Ib/1000 1D
4 212 825 6.9
6 223 8647 72
8 «239 9340 77
10 «253 08.4 8.2
12 o271 105.4 8.8
14 290 112.8 .l
16 310 120.6 10.0
18 « 330 128.4 10.7
20 T «3bR 137 .0 11.4
22 378 147 .0 12.2
24 - <401 156.1 13
26 430 167 .4 13.9
28 452 - 178 .2 14.8
30 490 120.8 15.9
32 D23 20343 16.9
34 561 218.2 18.2
36 604 224 4.8 19.6
38 «660 256 .8 21.4

40 728 28340 2346

Table 3. Tractive Resistance for a Tractor-Truck
Semi-trailer With a Gross Vehicle VWeight
of 12,000 Pounds.

At the start the tests were based upon the old assump-
tion that tractive resistance was a congtant factor regerd-

less of the weight. However, it was scon discovered thet

not only total resistance, but also the unit resistance in

Al



poﬁnds ver thousand pounds varied gonreciably with weight.
Thereafter, each vehicle was tested with three 1ogds. The
difference in total‘tractive resistance for any two gross
weights proved to vary directly with the increase in
weight; thus it was possible to determine the tractive re-
sistance for any combinatioﬁ of weight and speed,

In the foregoing exzmple the vehicle was tested again
with gross vehicle weights of 21,000 end 30,000 pounds.
The time-sneed data sare not given, but the unit resistances
are shown in Figuré 10 to indicate the varistion with
these three weightse. If the variation is known, the resist-
ance can be prorated and an aversge value determined as
shown in Tsble 4, This is merely a sample problem; simi-
liar results can be obtained for any vehicle.

Though e;pensive and very accurste egquipment were
used by the Public Road Administration equipment of this
type would not be necessary for a private study. A stop-
watch, o smooth level roed surface of & kmown grede
length, and a similer streach of logging road are all
that would be required., Vehicle performance on the level
road could be calculated and used as a rasis for any road
type resistance;Athis will take into cecnsideration the
truck characteristics., The data gathered will not be sas
accurate as the detes given here, but will be suffice for

practical purposes.
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Unit Trective Resistance, in Pounds per 1000 Pounds
for Weights of -

Speed
MPH Thousands of Pounds

12 14 16 18 20 21 23 25 27 29 30

1bs. 1bs. 1bs. 1lbs. 1lbs. 1bs. 1lbs. 1lbs. 1lbs. 1lbs. 1lbs.

6 Te2 T2 Ted 7e3 T3 73 Ted TH 76 7.7 748
8 Te7 748 7.8 7.8 7.8 7.8 7.9 8.0 8.0 8.0 8.1
10 Se2 8.2 842 8.2 8.2 8.2 8.3 8.3 8.3 8.4 8.4
12 8.8 8.8 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7
14 D44 9,3 9,2 9,2 9.2 9.2 9.1 9.1 2.1 9.0 2.0
16 100 9.9 9.7 9.6 9.6 9H 9.5 S.5 9.4 2.4 9,4
18 10.7 10.4 10.2 10,1 9,2 9.9 9.8 2.8 9.8 9.8 9.8
20 11.4 11.1 10.8 10,6 10,5 10.,4 10.3 10,2 10.1 10.1 10.1
22 12,2 11.8 11.4 11.1 10.92 10.8 10.7 10,7 10.6 10.6 10.5
24 13,0 12,5 12,1 11.8 11,5 11,4 11,3 11l.2 11,2 11.1 11.1
26 13,92 132.3 12,8 12.4 12.1 12.0 11,8 11,7 11,6 11.5 11.5
28 14.8 14.1 13.6 13,2 12.92 12,7 12,5 12,3 12,1 12,0 11.9
30 15.9 15,1 14.5 14,1 13,7 13,5 12,2 12.C 12,7 12.5 12.4
32 16,9 16,1 15.5 15,0 14.6 14,5 14,0 13.7 13.4 13.1 12.0
34 18,2 17.3 16,7 16,2 15,8 15,6 15.0 14.6 14.2 13.8 13.6
36 19.6 18.7 18,0 17.5 17.1 16.9 16,1 15.5 14.2 14,5 14.3
38 21.4 20,4 19.7 19.1 18,6 18.4 17.5 16.7 16.0 15.4 15.2
40 23,6 22,4 21.5 20,8 20.3 20.0 18.¢ 17.9 17.1 16.4 16,1
12.2 18.2 17.3 17.0

42 21.6 2043

Teble 5. Unit Tractive Resistances for a Tractor-Truck Semi-
' trailer at Various Speeds and Gross Vehicle Weights.
(Derived from Table 4.)
Admittedly it would be a long, tedious task to have
to go through the procedure just given to determine the
tractive resistance for a wvehicle, and it is doubtful if
any individual would do so for his own benefit. Therefore
tables are given so that the tractive resistance for any
type truck at any speed with any load may be determined.

However, several explanations are in order,

L



First - total tractive resistance as given in these
tables include: internal friction of the
vehicle, sir resistance; (for the hesdtosard
sizes as given previously) and rolling re-
sistance. In other words, all resistances
have been considered and sepsrate deductions
are unnecessarye.

Secondly - the tables as originglly composed sre in
pounds. (To obtain horsepower rmltiply by
speed in feet per minute, this will give

foot pounds per minute then divide by

3%,000) .

H.p. = Unit Resistence (Ibs./100C 1bs) x 88 x VFPH
33,000 '

H.P. = Unit Resistance (I1s/1000 1lbs) x MPH

275

To obtain totel resistance nultiply the answer
by the gross vehicle weight in thousands of
pounds.

Thirdly - the tables =2re besed upon performence on con-
crete pavements, Tq obtein resisteance for
other road surfaces, the grade ability must
be corrected with figures given in the con-

versicn table.s The table of conversion
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values that aprears in A@pendix A of this
peper, compiled from date obtained from
various mesnufscturers, is believed to be
es nesr to the real valves &8 poseible,
Parts of the table were faken from the
Performance Sectiocn of the General Motors:

" Data Rook, the Timken Axle News, and a
manual putlished by the Dodge Truck
Division of the Chrysler Corporation.
Although all of these publications are
confidential, pérmission was granted to use
only the resistance figures contaiﬁed in
them. Concrete is assumed to have a resist-
ance of about 10 pounds per looo.pounds of
#ehicle weight; with this figure as 1.00,

other registance relations cen be derived.

py
[y

Grade Resistance

Since, in this apd subsequent sections, fregquent
reference will be made to grades, it is necessarv to de-
fine several terms. By the "grade" of a highwey is
meant the devietion of the profile of the center line of
the highwey from a level line, it is generally expressed
as & ratio kﬁown as the‘“rate of grade", which shows the

number of feet rise in a horizontal distence of 100 feet.

«40-



If the rate of grade is mmltiplied by 100, the result is
known as the "per cent of grade®, Thus, a grade of P
means a rise of 2 feet in 100 feet meesured horizontally,

and is equivalent tc a rate of grade of 0.02,

[¢]

The amount of a uniform rate of grade ig obteined by

‘dividing the difference in elevation tetween two termini
by the horizontal distance between the temini,  Thus, if
the difference in elevation is 80 feet and the horizontal
distanceFZOOO feet, the uniform rate cf grgde is 0.04 or
a grade of 4 percent.

An "average grade" is the average of two or more
grades used between two termini, due consideration being
given to the length of each gracde. The amount of an
average grade may be obtained by finding- the sum of the
elevations att-ingd by»the "plus" grade and the decepts
made by the "minus" grades, ané Gividing theat sum by the
total length involvecd. A grade of + 3 percent with e
length of 2000 feet followed by a - 6 nercent grade for
the next 500 feet would have a total rise of 60 feet,
the total fall would be 30 feet, the total rise and fall
being 90 feet. Dividing this total by 2500 feet will
give an averagé rate of grade of 0,036 or a plus grade
of 3.6 percent.

A Vrolling grede® refers to a2 profile made up of

alternating plus and minus grades. The term is usually

~-50~
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restricted to grades of substentielly the came length and
magnitude.

An "adverse grade" is a grade whose sign is opvesite
that of the uvriform grsde tlet would Tte orteined tetween
two termini.

When o vehicle is moving slong the level 2t & uniform
speed, the power of tre ergire is used only to overcome

e resgistance. Vhere o

<

internal resistences and trscti
grade ig encountered, additicrnel power must te supnliec
hy the engine if the same velocity of the vehicle is to
te maintsined. The resistance offered to movement of a
vehicle up & grede, - knowvn as "grade resic anceg, is ex-
rressed in pounds per vehicle, pounds per ton, or more
generelly pounds per 100C pounds. In effect it is the
force necessary to 1ift the vehicle through 2 height eguel
to thet attained by the grade; This relationship can Te
expressed by the following formule

R, = GV _(G)

& 100
where
Rg ig tote

CGVW is the weight of the vehicle in pounds,
G is grade rise in percent
100 is conversion factor

registance along the grede in

If GVW is taken as a 1000 pounds the formuls will btecome,

-5B]l-
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n

10 G x gvw

wvhere

gross vehicle weight in thousands of
pounds

3

It should be pointed out that the above formulas is

pplicable for grades only under 20 percent as 1t is only

m

an approximation. Since in the smaller grades the

A

digtence traveled (C) is apvroximately equel tc A the
above formula may be used. Over ZC percent, however the
“traveled" distance exceeds Aj; conseguently the grade re-
sistance can be expressed as the weight times the sine of
D.

As an example =z 50,00Q pound trucl moving up a 10%
- grade, will, by the formule Rg = 10 G encounter
10 x 104 = 100 x BO (Weight in 1000's of pounds) = 5000

foot pounds of resistance
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Resistance = 50000 x 10___

4975 foot-pounds

Since the celculaetion is tedioug encd the cifference go
erall, the formulsa Bg = 10 G is cuite adeguate for grade
ur to 20 percents over twenty, however, the longer method

is advised.

For the purpose of illustration resistance has been
expressed as foot pounds. It is evident that the situea-
tion is static and should Te converted o horse pover,

o ¢o o the following formula is used:



H.pP, = 10 X 88 x M.P.Fe x gvw x G
Z,000
or
- I
= §§¥5 x gvw X G
where
H.P. is the reguired horsepower,

i
MPH is the speed in miles per hkour,
gvw is the gross vekicle weight in thou-
sands of pounds, and
G is the grade in percent.

Tt hed not been intenced that this section te de-
voted to the development of formulae for the computation
of vehicle 2bility. However, in order to adequetely
developr the individual resistances and show thelir im
prortance, it was found necessary to include some formulze.
To develop the formulase will e the »nurposge of tls follow-
ing section.

If the fact has been reglized thet there are seversl

types of resistance znd that there are methods of calcula-

e

S
bl

ting the resistances individually, the purpose of th

csection has been achieved,
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SECTION II



Performance of & truck or tractor-truck is usually
expressed in terms of "Gradealbility" or es a "Performance
Fector". "Gradeability® or "Grasde Climbing Avility" is
the percent of grade that a vehicle will climb with a
vredetermined load. (In general this predetermined loead
will be considered as & cenacity load, es experience has
proved that it is not economical to onerate with less
thén a maximum load; this is psrticularly true of logging
vehicles.) "Performance Factor®, or the measure of the
relative ability of the unit to mrve 2 load, is expressed
in pounds of tractive effort (often incorrectly termed
vrimpull) per thousand pounds of vehicle weight.

For a long time performance calculations have been

(end still are in some cases) based upon a formula,

Grade _ Torque x Gesr Reduction x Bfficiency

ebility = oire rolling radius x Gross Vehicle
Weight

- Rolling
Resistance

ocr formulae similar to this except in details. This type
of formule approaches the problem from the stendpoint of

statics - ignoring speed and considering that all the
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factors are practically constant a2t 2ll speeds.

The theory is that with the engine everting a certain
number of pound-feet of torque, this torque is multiplied
by the total gear reduction, and reduced by internal fric-
tion losses to a certain percentage of that product to
produce a given wheel torgue. This wheel torgue is then
divided by the tire radius to produce tractive effort.

| Dividing the total tractive effort by the gross ve- -
hicle weight, then, gives the tractive effort per unit of
gross vehicle weight. Subtracting the rolling resistance
pér unit of gross vehiqle weight will give the margin of
tractive effort left, after fulfilling the recuirements
of 1evelArunning,\avail ble for hill climbing.

If in the above formula the following expressions
are usedl:

Torgue in pound-inches,

Gear reduction in ratio of engine turns to
driving wheel turns,

Bff ency in decimels of one,
Tire roliling r@¢i us in inches,
Gross Vehicle Weights in pounds, and

.

Rolling resistance in pounds per pound, gross
vehicle weight,

then the result will te in terms of pounds ner nound of
gross vehicle weight. To convert this into percent grade,
then, this result must te cdivided by 100, since grade

\
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resistance is 10 pounds per 1,000 pounds gross vehicle

weight.

[N

For greater convenience,; therefore, it is customary
to express gross vehicle weight in terms of 100 pounds
and rolling resistance in terms of pounds per 100 pounds
or-else to multiply the dividend by 100 to secure the
semme result. Inasmuch as engine torque is commonly given
in terms of pound-feet, instead of pound-inches, the div-

idend is often multiplied by 120C, sc that the convenient

form of this formuls becomes:

¢ = 1200 x T X GR XE _ ®mR
r x GVYW 100

where

is the gradeability in vercent,
is the torque in opound-feet,
s the total gear reduction,
is the efficiency factor,
is the rolling radius of tires in in
the gross vehicle weight in pound
and. . '
RR is the rolling resistance in pounds.

35

o
R e
e
0]

7,

es,

¥

c
GVY s

<y
[
n

H

The following four objections to this formule =re
evident: |
1) It is stetic, being based on torcue, whereas
truck performance is dynamic.
2) Efficiency is considered as a constant,
whereas it actﬁally varies with geer reduc-

tion,.



'3) TRolling resistance is asuined to be & con-
stant.
4)  4ir resistence is ignored.

As was explained earlier, torque, or the tgrnihg force
exerted by an engine, is the product of the force times the
listance from the center of rotation of the crank chaft, or
the number of pounds appligd to turn the cranksheft through
a one=foot radius. Trenslating this force through the
drive line and rear sxle by meens of the foregoing Tormula,
results in = measure of themprppelling force or 2bility of
the truck to move the load at any nerticular fns ant, 1.4,
at & certain engine speed or at a certein road sneed. It
will be observed that the primary consideration here is
gpplied force tc pe rform work registered et eny paerticuler
‘instent; hence, speed is only of relative importence.

Hbrsepower, on the otﬁer hand, is the time rete of

.L

doing werk. In other words, it is the amount of torgue
exerted over a definite time. "Accumulsted work®, involv-

ing weight, aistance, and time expresses torque exactly.

)]

The term, "horsepower", has heen es abhlishecd ag tre réte of
cing work equal to reising a 2%,000 pound weight through a
distance of one foot in one minute. Hence, horsepower is a

measure of the smount of ltorgue develoved on a ver minute

basis. Horsepower may te found by rmultionlying the torque

-58-



in foot-pounds by the circumference of the circle through
which the torgue force will act in one revolution times
the number of revolutions per minute, divided by 3Z,000

foot-pounds per minute; expressed mathematically the for-

mula isc
HP, = T X2 x 3.1416 x 1 x ReP M.
33,000
or .
H.P. =T x RoPoIEt
h2b2.1
where

H.Pe is the horsepower,
T is the torque in foot-pounds, and
RPM is engine revolutions per minute at
akove torque.

increases agpproximately at the same rate as the speed in-
creases, 1.e; the faster the fotation, the greater the
force accumulated»in a given time. 'Hence, speed ig the
priméry congideration, and for this reason, formulae for
determining performance involving horsepower rust also
consider speed in miles>per hour. Inasmuch as hgrsepower
and speed are inseparsble, their use indicate how fast =2
given load can be actually mcved on the level or up grades

continuously.

=50



An example indiéateé the distinction between torque
and horsepower. If the propelling ability of a truck to
climb a2 4 vercent grade is desired, then performance for-
mulae based onytérqué (force) chould be used. On the other
hand, if the actual calculsted speed at which the truck
will travel in propelling the load up the 4 percent grade
is degired, then performance formulae based on horsepower

(time rate of doing rk) rould be usad.

Before any measure of performence can be ascertained,
it is necessary to determine the tractive effort, or pounds
of force exerted by the driving wheels at the point of
contacf with the road, tending to move the vehicle. This

is readily obtained by the formula:

TxGR x® x 12

vut since T = 2252 X H.P,

or

63025 x HP x GR X |
RP.Jie X T

=

where

TE is the tractive effort in »nounds,

~60-



‘HP is the horsepower reguired or Q*ven,
BPY is the engine revelutions per minute
for given horsepower,
GR is the total gear reduction,
E is the efficiency factor for the partic-
ular gecr recuction, and
62025 is the conversion facter.

An importent relationsghip exists Tetween the tractive
effort and miles per hour for any one model =nd engine size,

which can te expressed as follows:

Constent Cause Effect
For seme tire size Increased gear Slower speed -
ratio {numerically) gher tractive
) effort
Decreased gear Faster speed
ratio {numerically) Lower tractive
effort

re size TFester speed -

[

Tor seme gear ratio Tncreased t

g Lower rirm pull
Decregsed tire size Slower sveed -

Higher rim pull

Theoretically speeking, speed veries inversely as the
tractive effort, i.e.; more speed is ohtained at the sac-

fice of pulling ability and vice verse. Although the

1,

T

!

t ize is more directly related to the vehicle cepacity

I—te
]

re

and is determined by the distribution of gross vehicle

weight, the gear ratio is entirely related to rerformence;

[N

therefore the choice of the correct ratic should be guided
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by this rule - the retio should be selected that will give
the fastest speed'possible and vet provides a tractive ef-
fort that'gives_equal or slightly more greacde abiliity than
is required. Meximum OO@T“tng economy will then te
assured,

Since the selection of the correct gear rstio is im-
portant, some means of determining the correct ratio to
uge at different speeés mist be aveilable. Since a venicle
will not use low gear at a road sveed of 50 miles an hour,
and since few can select the proper gear when ten or more

ratios are available, the following formuls is eavailable:

R.P., = 60 x 5280 x GR x MPH x 12
3600 x 2 x 3.1416 x r

where
RPM is the éngine speed in revolutions per

60 ig minutes ver hour,
5280 is feet per mile,
GR is the total gesr reduction,
MPH is the vehicle speed in miles mer hour,
12 is inches per foot,
3600 is seconds per hour,
2 is the conversion factor teo circle
circumference,
s & constant, and _
is the radius of tires in inches

the formula then reduces tos

R,P.M, = 168 x GR x MPH

r




and GR equals:

GR = EHML X T

165";?MPH
It should be remembered that since this is purely a theo-
retical value, it is to be used only to get an approxime-
tion of the gear ratic. The purpose of this determinaticn
will bte shown after the development of the performance
Tormulae,

Since the traotivg effort regquired to move a vehicle
at a certain speed up a certain grade is the effort re-
guired to overcome the internel, air, rolling gnd‘grade
registances, and.sinceAall these factors are contained
in the previous tables, tractive effort mey be expressed

ags follows:

T’ = GVW (f + g)
where
T8 is the tractive effort in pounds,
GVW is the gross vehicle weight in pounds,
f is the coefficient of tractive resist-
ance in pounds ver pound of gross
vehicle weight, and
g is the grade rige in feet ver foot.

It is extremély important thet these values be used
accurately because a difference of only .3 can cause 2
difference of 2 or 3 miles per hour. No more accuracy
can be gained than is given in the tables, but extreme

care is advised.



ve resistance is the unit re-
sistance for a given weight and speed divided by 1000 (or
the total tractive resgistance in pounds divided by the
gross vehicle weight in pounds). Referring to the table

tances of a1l tractor trucks, the unit re-

i

or unit re:

(J)

02

Fy

sistance for 20 miles ver hour for a gross vehicle weight

of 30,000 pounds is 10.3 pounds. This value exrressel &as

(¢}

(5}

the coefficient of tract*ve resistance would he 10,23 di-
vided by 1000 or ,0103, it is readily seen that care must
be taken in the computations.

If the sum of the resistences is ¥nown, vehicle 2bil-

ity for any given set of conditions, can be found by com-

bining the following two formulae:

T = 63025 xH,P, X GR x &
RPM x r
and
TH = GVW (f + g)

which becomes,

RPM x r

b

GVii (f) » GVW (g) = 63025 X:H.P. x GR
RPM x




ovwr = 62025 xH.P. xGR ZE _ gvw (g)
R

630256 x H.Pe X GR X B _ qvw (g)
R, X T
GV

63025 x HE.Pe X GR XE - oV (f)
R.LPM, T T

GVW

m.p, = GV (£ + g) FPE x T

63020 x GR x &=

CVY = 63020 X HP x GR x B

where

T

63025

M xr x (f + g)

is the coefficient of tractive resistance

in pounds per pound of gross vehicle

weight, '

the grade rise in feet ver foot,-

the given or recuired horsepower,

the engine speed in revolutions per

minute for the 2bove horsepower,

is the total gear reduction, ’

is the efficiency factor for the zbove
gear,

is the radius of tires in inches,

is the gross vehicle weight in pounds,
and

is a conversion factor.

o Jto e
mwn

The foregoing formulee are very specific and limited

in their nature.

Since gear ratio has been introcduced

care must be taken when speeds are determined. An exarmple

will clerify the

situstion.

-



Vehicle X ‘
Gross Vehicle Weight (with trailer): 65,000#
Horsepowers 184 at 2600 r.p.m.

Axie Reduction: 6,53 low - 8,53 high

Trgnsmission Reductions:

5th .788
4th 1,000
3rd 1,738
2nd 3.400
1st 64370

Tireg: 11,00 x 24 = = 22.4 inches

¥What speed can be obtained for this wvehicle, fully loaded,
on a 3 percent concrete grade in second low gesr? Solving

for speed.

63025_x 184 x 29 x .88 _ g5p
2600 x 22.4 65000 (.03)

65000

£ = 4700 = 1900
65000

f = .0458

or, 45,8

Reference to the table shows that there is not any

unit resistance of 45,8, the reason being that when the

-H56=
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vehicle is opnerating at maximum engine speed power will
be develcved far in excess of that needed to climb a 3
percent grade., Two things cen now be done: recalculate
with a different gear ratio or compute the horsepower
used to see if the correct gear ratio is being used.

With the assumption that & speed of 20 miles ner hour

is attained and that the third low gear is selected,

the fdllowing equatiqn shows that the load cannot be moved
in this gear &t a reasonable speed. |

g.p. = 65000 (0.0092 + 0.03) 2600 x 22.4
65000 x 14.8 = .88

H.P, = 196

A horsepower recuirement beyond the engine capacity means
that the next lower gear ratig is tc e used with pertial
engine power,

Since such computations are at times unwieldy and
tiresome; and since they are'specific in nature end lim-
ited in_use, they are only to be used et times when exact
performance in e given geer ig desired.

In order to obtgin a general forrmule which can be
used for any sveed, and not just meximum engine speed,
geer reduction must be eliminated and miles per hour in-

troduced; this can be accomplished by substituting road

speed for engine speed.

B -



VW (f + g) = 63025 FP x GR x E
BEPM x r

substituting,

RPM = 168 XrGR x MPH

therefore,

62025 HP x GR x E
eV (f +» g) = (168GR XL‘IPH) -

vhich will reduce,

. 1 z _ TPH 7 x GR
eVY (f + g) 68 3 iR x ¥PH - 63025 F{PTXE x G
vy (f 168 x GR x MPH r

(£ + e) T * 305 EP x ® X G

GVW (f 4 g) X MPH = 375 xHP x E

The efficiency factor "E", is necessary only when the gesr
reduction enters the calculation, Since the gesr reduc-
tion has been eliminated from the sbove formula "EBY" meoy

also be eliminated. The formuls will then become:

HP = YPE x GVW (f + g)
375

veriations:

MpH = 375 X HP
GVW (f + g)
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vy = 375 x HP
MPH (f + g)

375 x HP _ gvw (f)
g = MPH
GVY

375 x HP ,
e . imm v (e)
GV

Then solving for miles per hour or gross vehicle weight
the will be two unknown cuentities. Since "f" is de-

pendent upon both speed snd weight the formulae can be

rst

solved only by a "cut and try" method, thet is; by T

assuming a miles per hour (or gross vehicle weight) figure

-e

and then determining the resistance for this assumed speeds
if a descrepancy occurs in the solution, then it is neces-
sary to repeat these steps with another assumed figure,
and so on until the ecguation balances. This may seem &
rather inadeguate method of determining performence, but
when two unknown values are involved, it is the only way
possiblé. Experience will soon simplify the procedure.

It must be remembered that the foregoing formulee are
based upon performance on concrete roads and thet perform-

ance on other road surfaces must be corrected accordingly.

Another formula which will save time is given below:

Gviy (£, + gl) =GV, (£, + gp)
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variations

where

va2 - GVWi (fl - gl)

(f5 + g2)

is

is
is

is

GVWé

the original gross vehicle weight,
the original coeffecient of trac-
tive resistance in pounds per pound
of gross vehicle weight,

the original grade rise in feet per

- foot,

the new gross vehicle weight,

the new coefficient of tractive re-
sistance in pounds ver nound of
gross vehicle weight, and

the new grade rise in feet per foot.

The gbove formula is based upon the assumption that a given

vehicle will produce a tractive effort on one grade equal

to that on another grade when overating in identical gears

at like speeds. With this formula, grade and gross vehicle

weight recalculations are eliminated; it is slso extremely

helpful when converting to other road surfaces from con-

crete.

With the formula just derived, speed, gradeability,

and gross vehicle weight can be found for any condition.

In previous computations it was necessary, first, to
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determine the effort aveilsble, then to use separate formu-

£

lae for level roads, grades, slow, or fas needs; now all

ct
n

situations can be handled with one forrule =nd its veris-
tions. (For level road sneed the "g" is merely dropned

from the equation.)

Gity of this

f--te

Several illustrations will show the val

[N

stetement. Referring the vehicle used previously, what is
the horsepower will be recuired to move the fully loaded
vehicle up a 10 percent concrete grade at 8 miles per

-~ hour? Substituting the vslues in the correct formule:

8 x 65,000 (.,0079 + ,100)

HP =
’ 375
HP = 8 x 7000
375 -
HP = 149

What speed cen be maintained on zn 8 percent grade with a

65,000 gross vehicle weight?

MPH = 375 x 184
65000 (f + ,08)

69000
65000 £ + 5200

5
1]
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Try 10 I7.P.H.
1 = 6% ,000
10 65600 (.00
1 = 68000

Try 15 P .H.

ol
o)
)
(&)

1 = 62000
15 (552 + 5200)
1 # 62000
86400
Try 12 11.P.H.
1 = 82000

-7 2=



1 = 69000
68700

The speed will be slightly over 12 miles ner hour,

YWhet gross vehicle weight can this unit havl up =2

<

10 percent gracde st 20 miles ner hourt

Gvy = 275 x 184
20 (f + 0.1)
Try 30,000 pounds
1 = 62000 _

—
(@)
~— j

30000 20 (40102 + .

30000 (2.206)
1 # 2000
66200
Try 21,000 pounds
21000 20 (.0102 + ,10)

1 = . 62000

21,000 (2.204)

1 = 62000
68500



The vehicle can weigh slightly over 31,000 pounds eand

maintain a speed of 10 miles per hour.

Yhat is the maximum grade at 6 miles per hour fully

-2

loaded

3756X 184 _ g5000 (.0077)
g = .

65,000

10500 = 500
65000

o
1

g€ = 15.4 percent

Had the-gradeability on & good haul road been desired,
the conversion factor for this type of road is found in

Appendix A. It is 3 percent. Subtracting 3 vercent from

ct
[
m
o
aw]
.

15.4 percent the resul o4 percent, the gradesbility
of thié truck on a good haul road.

If the maximum grade is 15.4 percent for a 65,000
pound gross vehicle weight, whet is the limiting grade

for a 50,000 pound load? If roth sveeds are at 6 miles

vper hour; two methodg may be useds

Numb :
umber 1 375 x HP _ @y (f)

g - I‘]PH
GVY




5 x 184 _ 50000 (.0077)

X
g = 6

!M
~32

50000

g = 10500 - 280
50000

\je!
1]
AN

0.+4%

or, Number 2

g, = GVWy (f1 + g1) - CVilp (£5)
GV,

65000 (0077 + 4154} = 50000 (0077)
50000

g =

10500 .- 280
50,000

03
i

g = 20.4

This letter method is recommended, since only the

N}

total resistance of the originsl weight is generally

-l

known, the sneed resistence of the new weight has to ke
found, whereas by the first method a2 whole new calcula-
tion has to be worked out;A The second method will also
apply to vehicle weight, thus elimineting the difficulty

erising Trom the use of two unknowns: Speed in hoth

ceses rust remain the seme, or nearly so, or errvors will
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result. For rapidity and ease of computation the use of

o slide rule is suggested., Vith care in the reading of

the scales a fair degree of accuracy cen be realized.

h

The saving in time more than ooﬁpensates or smell varie-
tionse

A vord of caution is necessary. Performence calcula-
ted by formula, no matter what precautions are teken, are
" still theoretical, but should epproximete actusl perform-
ance if the engine is at maxinmunm eff' ciency end other
units such as transmission, axle, drive iine, end bearings
aTe in gocd condition ané tires properly inflated. How-
ever, so many variables affect performence thet it may be
wise to be,conservafiye when guoting figares. Air resist-

-

ance can be figured fairly accurately, but wind has an
equally important effect in retarding or accelerating the
vehicle, Wind cannot be calculated with certainty, tut a

né will reduce performance the =g as

te

thirty mile head w

sir resistance &t thirty miles per hour.

|

negity of treffic, requiring slow-downs and geer

hifting, will change results. ZFrequent stovre or Plind
intersections will cdo the same. These are but & few of
the many unp;edictable factors that affect performance,
but of them all, the driver is the most varisble factor.

With drivers ranging from excellent to very poor, a cer-

tain percentage of the results will show unsatisfactory

e



performance although fhe truck maybbe in perfect condi;
tion and show superlative ability in the hends of another
driver.

Regardless of the fact that caleulated performance
mény differ materially from actual, these figures provide
an accurate means of comparison between two trucks. Under
the same operating conditions and with equelly efficient
drivers, any two trucks will perform comparatively as

shown by the formulae.

e



SECTION IIIX



OFERATIONAL COSTS

. In the two preceding sections consideration has been

given to the power recuirements for moving vehicles over

=
—

different road surfaces and up grades, as we ege to the

gradeability of tke vehicle itself. In the present section
will be considered those factors thet serve to create a
differentisl in the cost of onerating vehicles on the level
and on grades., Much informetion is reguired to. compute
alternate locations of roads, and the use of the principles
developed here will be illustrated in the subsequent section.

Before the reduction of costs can he considered some
investigation must be made of the composition of the opera-
ting costs, In.general these coste may be divided into two
groups: (1) the mileage element group, sometimes called
operating or variasble costs, which embraces those functions
of vehicular overating costs which vary with the mileage
travelled, and (2) the time element or fixed cost group,
which embraces all costs dependent upon the length of oper-
ation. The mileage element group must be further subdivided
into the following sections:

1., TFuel.,
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2e TILubricantse.
%« Tires and tubes.
4.‘ Maintenance.,

The determination of renresentive figures for the
varisble cost of operating motor vehicles is one of the
most difficult undertakings in eny study of highwey eco-
nomics. The difficulty exists not only because of the
complexity of the wvarisbles involved, but a2lso because
of the repidity with which improvements have been made in
automotive design and construction. Extreme difficulty
is also encountered in any attempt to obtain data that
are truly representive and not changed by special condi-
tions.

Detailed records of variable overating costs are kept
by somé concérns, but, in general, such records are not
plentiful nor easily obtainaﬁie. The records that are e~
veilable are usually scattered and many forms of account-
ing are used. An eanslysis of such date requires essembling
and adjusting the various factors such s loads carried and
speeds traveled, so that o comparison mey be made., Speciel
prices of equipment and supplies obtainable by large con-
cerns and the factor of an extremely high annuel mileage
greatly influence the variable costs of the vehicles in-
volved.

Reliable records of costs are prectically impossible

=79



to obtein from privete individuals azs they sre seldom kept
and those that are unfortunately, in most cases, are biased
by the individuels pride in the performance of his own ve-
hicle, It is necessary, therefére, to use fleet operation
costs since these are the best, even though the factors
effec?ing cost values mey vary widely between privete and
fleet ownership. Any enalysis rust be made with the zbove
facts in mind.

A restatement of the various mileagq cost items and a
further discussion of the factors that influence the value
of each will show still further the difficulty in determi-
ning accurately the verisble operating costs of an sverage
truck.

Tuel: Unit costs for fuel are directly proportional
to the per géllon cost of such fuel and to the mileage ob-
tained, The mileage obtainabie, however, is influenced by
many factors. Disregarding the inherent characteristics
of the motor vehicle, milesge will e affected by speed of
travel, road conditions, the use of which the wvehicle is
put, driving conditions, and the individual driving prac-
tices of the opverators. The speed at which the light fleet
vehicle is operated will probably be higher than thet of
the average passenger car of comparable weight. Road con-
ditions encountered by the fleet-ovmed vehicle will, in
many cases, be poorer because of the wider range of terri-

tory over which the vehicle is overzted. The private cer
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operated solely for pleasure will undoubtedly remzsin on the
improved highways since it is seldom necessary to travel
roads thet are not improved. TFuel consumption for the pri-
vafe car will not be as greatly affected by the use of
poorer roads as that of the fleet owned vehicle. The busi-
ness in which a company is engaeged will determine whether
its vehicles'will be used in the city or in rural areas.
City operation will increase fuel costs because of its
intermittent character involving frecuent starts and stops
ond because of the low daily mileage. Vhether this will
be offset by the increased fuel consumption which results
from increased speed on rural trips is problematical.

While the fleet-owned vehicle will normally be used for
either city or rﬁral purposes exclusively, the private ve-
hicle is often used for bothj which of the two it will be
uséd for is dependent entirely upon the owner, The valid-
ity of the comparison of fuel costs of logging trucks and
commercial trucks overating on fairly good roads is ques-
tioneble. However, since records are not aveilsble for
logging trucks exclusively, some correlation hetween log
truck and commercial truck costs is reguired,

Lubricents: The variable cost for lubricants (con-

sidering only the oil used in the engine) will, for fleet-
owned vehicles, be lergely devendent upon the rules and

maintenance practices of the compeany overating the fleet,
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Changes of’oil will be made at neriodic intervels, and
addition of oil ﬁill be devendent u?on the inherent cher-
acteristics of the motor, including condition of repair
and speed at which the vehicle is operated. The cost of
the vrivately owned truck, on the other hend, will vary
with each vehicle, because of the individual practices of
the owner. Some private operators will change oil a2t ve-
riodic mileage intervals while others will wait. Oil
additions (as in the case of the fleet ovned truck), vhen
needed, will depend ﬁpon the cheracteristics of the truck,
its condition of reveir andbspeed of operation., Other
fectors such as road conditions, car equipment and temper-
ature will affect o0il consumption. Dusty roads will con-
taminate o0il by entering the engine through the crankcase
ventiléting svstem and air intake. Ovperstion at high
temperatures, often encounteféd in summer, will lead to =
more rapid oxidation or sludging of the oil, Heat and
dirt tend to shorten the service 1ife of ﬁhe 0il and thus
necessitate more frequent changes. Such eguioment as air
cleaners, oil filters, and o0il cooling systems if used
will, of course, counteract the above factors to & consid-
erable extent.

Tires and Tubes: It is probakly safe to say that

tire snd tube costs will depend upon speed of travel, type

of road surfaces and individuel driving »ractices.



Characteristics of the vehicle, such as the braking systemn,
condition of repair, and wheel alignment will undoubtedly
offect tire wear, which effect, in turn, is dependent upon
the number of starts and stops made necessary by conditions
of traffic, locale of overation, and driving practices of
the individual. The additional wear on tires due to rapid
acceleration and deceleration msy be s large item today be-
cause of perfected breking svstems and higher power of the
modern motor vehicle. Tire wear, due to surface roughness,
is obviously dependent upon the type of roads upon which
the truck is operated. As in‘the case of fuel costs, the
fleet-operated truck will in meny instances show a greater
tire cost because of its faster rate of travel and the
necessity of_serving localities that can only he reached
over rbugh roadwayse. Under-inflation is also an item of
importance and therefore it-ié likely tiet the fleet-
operated vehicle will receive more attention in this re-
spect. Because overloads reduce the service life of tires
and tubes they are made with definite loed retings. com-
mercial truck load 1limits are set by government regulations
however, since log trucks opereating on private roads are not
hindered by these restrictions, overloads are the rule rath-
er then ﬁLe exception. Conseguently, tire failure, trace-
able to frequent overloading, is hich,.

Meintenances: Vehiculer meintenence costs applicable
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to the aversge truck sre the most difficult to detsrmine

tles involved

v}

btecause of the extreme snread in the vari
in fleet operation, as compared to those in nrivate opefa—
tion., The term fvehiculaer meintenance" usuelly refers to

21l renairs necessary to chassis znd body, also such items
as washing end greessing. Those meintenence items which are

-4 £

strictly denendent on milezge are, in generel, experienced

periods. A factor that increases the fleet onerator's

meintenance costs over those of the nrivate owner isrtﬂat,
since 2 breaﬁdown on the road entails the loss of valueble
time, the trucks of the fleetlmust of necessity be kept in

better condition, Maintenance is affected by speed and

®
=
o
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roadway surfaces in the seme mann consumption.
Actusl available data pertaining to the effect of rosdway
surfaces on vehicular maintenance are very meagre. REngine
maeintenance is probably dependent upon total revolutions
or power output. Overall maintenance of chassis parts,

on the other hand, will be affected by the roadway surface

and speed. Dirt and grit present on the surface will find

their way into chassis parts and thus increase wear,
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Increased speed will undoubtedly cause higher maintenance
through a grester disturbanée of loose materisl snd greater
impact stresses. Recent improvemenfs made in eutomotive
design such as rigid bodies, rubb&r oushioning, stronger
springs and sealed units, have to a certain extent reduced
hege costs., The fleet owner will be confronted in many
instences with e greater maintenance cost than the private
owner because of the necessity of his vehicles' covering
areas not accessible by improved roads. .The p;ivéte oper-
ator that lives in such areas will also experience some oT
these higher maintenance coéts.“

The preceding pzragrephs have presented those vehic-

ular operating costs which are entirely dependent upon
mileage. A cox warison has been made betweeﬂ\the relative
costs thet would be experienced by the contract cerrier
onerating betweeh the‘woods end g mill located on 2 public
road, and the fleet carrier, which»usueTlv OU€“°ueS on

private company roadse. It is probably safe to sey that

the fleet-owned trucks will experience harder wear during
its service life than the privately owned truck wvhether

or not such fectors 2s the higher annual nmileage and the
lower cost of replecement parts and repairs (obtainable by
the fleet owner beceuse of discounts, and ovneration of com=-
vany repair shons) will compensate for thié severe service,

is hard to say;



Time element or fixed cosfs may bhe divided into the
followvwing grouns:
1. Depreciation.
2 License and other fees.
3. Garage.
4, Interest.
5, Insurance.
6. Yagesa
A discussion of the zbove list of costs, with the ex
ception of depreci stion, is cuite unnecessary. These self-
explanatory costs vary with‘éach section of thg country.
HBach operator therefore will have to determine his own

fixed ceosts. Depreciation is another proktliem, Denrecia-

tion 18 a lesse ng in vealue of the motor vehicle due to

L.

its age and use. BSome operators tend to depreciate a vehi-

cle on the hasis o

. b
1=t

tg mileage, some prefer to hese ce-
vreciation on time, and still others use a combinetion of
the two. It is not the purpose here 1o weigh the edventeges

A

disadvantages of e?ci of these methods, but to state

o

an
that the practice hqs been to aehrecznte logging truéks on
time basis.
Meny forms have been developed for tabulating opers-
tional costs. One of the best, develored by the General
Motors Corporation is given at the end of this section.

The tabulation follo

-t
=,

ng wvas made by the Hendericlison Truck
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Company of Chicago, Illinois.,

A costvanalysis was made of two»of the comnenies!
trucks for a 375 mile haul, The costs are listed in the
conventional menner for both the diesel end gasoline ve-

hi clee.

- Transportation Anelyvsig: Chicago Area -
Conditions of Overations: This anslysis was mede for the
purpose of finding the cost and possible profit involved
by the transportation of milk into Chicago by truck.

Equipment - Analysis based on two different equipment com-
' binations.

(1) Hendrickson Model AD-390-1 Diesel powered tractor-

trucke
(2) Hendrickson Model A-240 Gasoline powered tractor-
truck. ' '
Both tractors to pull 2 28 foot tandem axle, insuleted
'trailer .

Distance ~ One way distance 375 miles, or abcut 150,000
miles yeerly.

Cost of Equipment - AD-390-1 Diesel tracter 8000 ,00
: A=240 Gesoline tractor 4000.00
Insulated trailer 3800,.,00
Payload Diesel Ges
Chassis and Cab 12,000 8,500
Trailer 12,000 12,000
Total ‘ 24,000 20,500
Allowable Gross 59,000 57,000
Payloed (Milk and Cans) 35,0004 36 4 5004
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Fixed Operating Cost - Total

Interest on Tnves*mert

(1ess tires) 6% _per vear
Depreciation: 33 1/3% ver yr.
Garage rent: $12 per mo.

License: Illinocis
Chicago
Insurances Fire
Theft
P.L.-P.D. 50/100 000

%250 00 Dedt. Coll,

Texess 2% as investment

Total per year
Cost ver mile

Veriable Operating Cost

Tires - Truck (45,000 miles
per set)
Trailer (62,000 miles
per set)
e’rs - Average over 3 years
el - Diesel (6.5 miles per
- ﬁ‘allorl; et 150/
Gasoline (4 miles per
gellon) at 1457

i

Iubricetion

Peinting and General Uvkeep
Supervision
Drivers' Vages:
Social security
Compensation Insurance

2130 per hour

Cost ver mile

Summary -

Diesel:
Fixed ~ ¢0R39
Veriable - L0968
1207

=88

Per Year.

Diesgel Gesgoline Trailer
& 223.80 $ 103,80 & 92,40
2487 67 1153,34 1202,.,67
144,00 144,00 144,00
150,00 150,00 200,00
24,00 24,00 ee-cee-a
40,00 10,60 10,60
6 440 320 320
150,00 150,00 100,00
216,00 216,00 199,00
142,20 69 420 61 .60
3591 ,07 2024 ,14 20132 ,.47
0239 +0135 0134

Diesel

012

0125
.018

004

.0005
«0015
.0462
.0005
0016

.0068

"Gasolines
ixed
Varizble =

Gesoline

012

015

038

.004

0005
«0015
.0462
0005
0016

.l.L93

4

- 00155
1328

L

Cost Per Mile

.001
.0005
.0015

.0180



Trailer:

Fixed - L0134

Variable - L0180
0314
Totalzs
Diesel <1207 : Gesoline <1328
Trailer 0314 ‘ Trailer 0314

.1521 A 1642

Difference per Mile

Gasoline 0,1642
Diesgel Q41521

0.,0121

Difference per Year

150,000 x 0,0121 = $1,815 saved by Diesel

Total operating cost mey also be calculated by means
of an hourly machine rate. The mthine rate method is
the most applicable of the two forms of depreciation for
truck logging. The following example was prepared by
Prof. D. M. Matthews of the School of Forestry and Conser-
vation at the University of Michigan. The following tabu-
lation is much the same a.s the previous illustration but

is based on time rather than mileage.



Lake States Region

Machine Rate for One and One-Half Ton Truck.
(Based on 2000 Hour Year snd Three Year Life.)

Fixed Cost Per Hour
Ticense and Insursnce (Michigen data):
Registration 355,00
Public Lisbility: :
850 ,000/5100,000 plus $25,000

Property Demage 52.20

Collision (450 Deductible) 40,00

Fire and Theft _32.,00
£T79,.,20 4+ 2000 hrs = 0,090

Depreciations ‘

Original cost %1 ,800,00

Less tires 300400

$1,500.00

Wrecking value ‘ 200,00
%1 ,300,00 4 2000 hrs = 0.216

Lebor (MMichigan data)
Drivers! wages (plus 10% overtime% - 04880
Helpers! wages (plus 107 overtime 04770
Social security, workmen's compensation,

o . etc., at 219 0.347
Total fixed Cost per Hour , 24303
Operatlng Cost Per Hour
Oll 8\; 10"_)0 'OGI‘ qto
10 ats. every 50 hrs. : 0.06
Revairs - average of 3400 per
yvear 0.20
Greasing end General
Maintenance 0.04
Fuel (average) 0.40
Tires - 300,00 4 1000 hrs. 0430
Total Operating Cost per Hour ' 1,00
- Hauling Cost per Hour - 533430

With the verious operating costs itemized, it now re-
meins to be seen how crades will effect these costs. The

savings to motor vehicle ownerstion that are reflected in a



reduction of gradients are two-fold. One is a direct mon-
etary benefit resulting from s saving in operating costs;
the other includes items of time saving, and certain sorme-
what intengible benefits such as ease of driving and in-
creased safety.

Exemining the various items of the operéting cost a
question at once arises. Where will the. saving take »lace-
and how cen it be evaluated? Referring to the previous
discussions, it becomes cuite obvious that the ssvings cen
be calculated only for the fuel. The other items of ex-
nense, viz., tires, tubes, 6il and maintenance zre of miﬁor
importance when compared to fuel consumption and g0 may be
eliminated, The followipgvstatement taken from pege 31 of
the Oregon Sﬁate Highway Depsrtment Technicel Fulletin No. 5,
upholdé the nrevious stztement: "iny determination of sav-

ings resulting from grede reductions cen best be mede fronm

the gtendpoint of relstive fuel consumption since one of the
most important differences in the cost of oneration comes
from this source. 8Speed, and conseguent time recuctions are

Pty
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mportal th heevy ecuipment but not e determining factor

with nassenger cars. O0il consumption is definitely a func-

tion of engine speed, and, regardless of wvhether a vehicle

is operated on the level or on grsades, the engine speced a

speeds. Due to the glicht difference in distance hetween



grede and level operation (epnroximately 20 feet ner mile
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for a six percent grade), a difference
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he considered over a long veriod of oneration, tut such an

1. Since the onercting cocsts

bt

effect would be extremely sma

re the only ones materially affected Ty road gredients, a

o
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consideration of greade reduction is logicel from a gesoline
consurmtion stendpoint.”

The calculetioﬁ of sevings brousht shout by =2 grade
recuction vvl‘ hen fall into two classes: (1) the reduc-
tion of fuel consumption, end (2) reduction in total oner-
ating time ver trin. Xech itvpe of saving wil} e exlazined
seperetely, and =t the end of the section both methods will
be uged to CetDFMIWe the S°v1ﬂgs posgseible in a2 szmple grade
reduction problem. €Eince the subiect of fuel consumntion
ig more detailed then thet of time it will be expleined

i st. 

]

A study of engineering literature discloses thet sev-
erel methods have been provosed for determining the increease
in fuel consumotion that telkes plazce when a vehicle moves up
a grade. Of these seversl methods only two will e consid-
ered, one of which is based upon actual fuel measurements,
the other upon whaet engineers call the "straight-line" re-
lation between brake horsepower and fuel consumption.

ENaturally any data based upon actual vehicle operation

would be most desirabie, but the only tests of actual fuel
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consurption that can be found on record were made in 1937
by the Oregon State Highway Commission.

In the Oregon tests actusl data were gathered for the
fuel consumption of different vehicles on grades renging
from zero to six percent, These tests were not limited to

passenger cars alone, but included comercial trucks as

Q:

well. Although the tests did not include gredes over six

&5t

percent, it was thought that the data ava ileble could he
extrepolated so as to be eppliceble to logging overaticnss
howvever, this method wes found impracticable.

The data gethecred by the Oregon Commission are ex-
tremely valuable as they stand alone; no other organization
hes attempted fuel consumption tests on such a large scale.,
Therefore, the majority of the material following is btased
upon the conclusions drawn from these tests.

In order to obtain Qota thet would be truly represent-
ative of operating conditions, 21l tests were made eithe
when the vehicles were in uge for their verious commercial
purposes or on special test runs with = regular comveny
driver.

The ecuipment used to determine fuel consumpntion snd
speed consisted of 2 positive digvlacement meter having an
accuracy of 0.,00l gallon, an alcohol Tulb type thermometer
to determine fuel temperature, and an esccurate speedometer,

The speedometer was of the megnetic type, driven directly



from the front wheel of the vehicle'by means of the regu-
lation hbused flexible cable,

Tests were condupted on Oregon Highway Nb. 50 between
Portlend and Msupin, a distance of 79 miles, and probably
the most difficult trucking route in the state. On this
route there are many grades, some over a mile in length,
ranging between level and 6.2 percent. An important rea-
son for selecting this route was that neerly all types of
diesel end gasoline nowered trucks from the smallest to
the largest operate over it.

A heavy vehicle has, within certein limits, one speed
suiteble for each percent increase in grade. The neces-
sary modification of this stetement comes from the fact
that truoks_are»p;ovided with gear reductions, from 3 to
about 12. Thus, & single reduction will have to he used,
with e slight chenge in engine speed, over = smallvrange
of grades. However, a given vehicle cpereting on a given
grade, will have 2 fairlyrdéfiLite characteristic'speed.

Graphs were prepared to shom the fuel consurmtion end
speed of sgix hesvy vehicleg, rancing
€,180 to 52,200 pounds and onergating on the nositive and
negative grades of the test route referred to skove. An
examination of the speed curves showed theat, within limits
to be expected, there was in 211 ceses o fairly definite

1

characteristic speed on each percent grade for a perticuler



vehicle. The trend of the speed curves was especially
definite on the positive grades. By combining the average
speed on the similar positive and negative grade a compos-
ite speed curve was obtained., This composite curve éan be
used to calculate time savings due to grade reduction.

Examination of the fuel consumption curves for the
six vehicles showed a marked similarity in all cases. The
grouping of the points on each curve was consistent in the
positive grade region and rather scattered in the negative
grade region. The extreme variability in down-grade opera-
tion depends upon aligrment, traffic, weather and time of
day.

Fuel consumption on each positive grade was combined
with fuel consumption on the similar negative grade to ob-
tain a composite fuel mileage point for a composite grade.
A rather interesting and somewhat significant point was
brought out from these composite fuel consumption curves.

In practically every case the composite fuel mileage did
not drop off appreciably until the vehicle was operated on
o grade exceeding three percent.

In 1934 the Federal Coordinator of Transportation
published a report showing the fuel consumption of gasoline
driven automobiles to be definitely a function of the weight,
From a survey of 400,000 vehicles he concluded that the fuel
consumption, in gallons per mile, was equal to 0,031 GVWO.675,
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in which GVW is the gross vehicle weight in pounds. Inas-
much as this relation was determined from average operating
conditions such as highway trips, starting, stopping, and
driving in traffic, the equation has no specific applica-
tion other than to give the parabolic relation between
gasoline consumption and gross weight.

If such a relation could hold for a general sampling
of vehicles it was thought by the Oregon State Highway
Cormission that a similar relation might hold for heavy
vehicles operating on various grades. Accordingly, the
composite fuel consumption data gathered from the test on
the six trucks were plotted on logarithmic coordinates,
as shown in Figure 11. If it is realized the small number
of vehicles tested, the correlation between fuel consump-
tion and gross weight is seen to be surprisingly good.

The sharp upward trend of the curves is evident.

The following is taken from the Oregon Highway Bulletin
No., 5, "Some explanation of the method used to locate the
curves in figure 53 (Figure 11 in this text) is necessary to
make clear the irregular spacing. The zero and six percent
grade curves were first located as the best averages through
"the observed data., The fine intermediate curves were then
located by making the following calculations. The spread,
or difference in fuel consumption between a zero grade and

a8 six percent grade was taken as 100 percent in the case

-06-



FUEL CONSUMPTION — GALLONS PER MILE

1o
of-
8l
7
=
5=
41
GRADE
S 6%
5%
39,
3%
4 = 2%
0 % o
° 23R
3%
O
|-
oor
o8-
o7k
06}
os #
04p
L1 ] 1 ' I
910 20 30 40 50 607080

| I I T |
4 5 678
W

GVW — THOUSANDS OF POUNDS

FIGURE 11 - GASOLINE CONSUMPTION O COMPOSITE GRADES IW
RELATION TO GROSS VEHICLE WEIGHT.



of each vehicle of different gross weight. The difference
in fuel consumption between each even grade was then tabu-
lated from the test results of each vehicle., Following
this, the percent difference in fuel consumption was deter-
mined in each case. The curves were then located through
points which represented the average of the percent differ-
ence from all vehicles.

It will be seen from the figure thet the zero and one
percent grade curves lie quite close together. This, of
coursé, follows from the fact that for each vehicle tested
the difference in fuel consumption between a zero and a one
percent grade was slight."

Equations have been determined for these curves and are

listed below, GVW being the gross vehicle weight in pounds.,

Tor a O percent grade, gallons per mile = 0,0001283GVWG.712
For a 1 percent grade, gallons per mile = 0.,0001179GVW0.723
For a 2 percent grade, gallons per mile = 0,0000954GVWO+750
For a 3 percent grade, gallons per mile = 0.0000731GVwW0 «785
For a 4 percent grade, gallons per mile = 0.0000542GVW0 +825
For a 5 percent grade, gallons per mile = 0.0000373GVW0 +876
For a 6 percent grade, gallons per mile = 0.0000260GVWO +928

The solution of these equations will provide a reason-
able determination of fuel consumption of any grade for any
gross weight, The formulae are adequate to cover any load
limit as the gross vehicle weight is arbitrary; however, the
range of grades is extremely limited. Grades on logging

roads often exceed 6 percent; an increase in elevation of
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20 feet per 100 feet is not uncommon. Therefore, in order
to satisfy all situations the fuel consumption formulae
must be extrapolated.

Exemination of Figure 11 shows that the fuel consump-~
tion curves for, 2, 3, 4, 5 and 6 percent are spaced, more
or less, at even intervals, It was hoped that when the
constants and exponents of the.equations just given, were
plotted over the percent grade, o definite pattern would
be revezled., A glance at Pigure 12 will show that with
only seven points, it was impossible to guess what shape
the curves would take. However, the points were also plot-
ted on logarithmic and semi-logerithmic coordinstes, on
which the curve of the exponents made a steady rise, but
the curve of the constants plotted almost straight down.
Some liberty was taken in Figure 12 in order to keep the
curve above the horizontal axis. Averages were taken of

the different curves and the following equations developed.

For a 7 percent grade, gallons per mile = 0,0000175GVw0.978
For an 8 percent grade, gallons per mile = 0.0000116GVwl«035
For a Q@ percent grade, gzllons per mile = 0.0000077GVWL 095
For a 10 percent grade, gallons per mile = 0.0000059GVWl 160
For an 11 percent grade, gallons per mile = 0.0000044GVWL+239
For a 12 percent grade, gallons per mile = 0.0000037GVwl 310
For a 13 percent grade, gallons per mile = 0,0000031GVWL «385
For a 14 percent grade, gallons per mile = 0.0000028GVwl+475
For a 15 percent grade, gallons per mile = 0.0000025Gywl 571

Calculations were carried out to check the derived equa-

tions, The following tabulation was made for =z 40,000 pound

-98a



1000

500

=
- d
s

GRADE IN PERCENT

FIGURE 12 - EXTRAPOLATION OF FUEL CONSUMPTION FACTOR.

9849

15



CONSUMPTION EXPONENT

1600}~

FIGURE 13

GRADE IN PERGENT

- EXTRAPOLATION OF ¥UEL CONSUMPTION EXPONEKT.

28b



truck on all grades for which an eguation is given.

Log of 40,000 = 4,602

4602x0 712 = 3,28 whlch 1s 1,905x0.,0001283 = 0,245 galIOﬁq Der mile

x0.,723 = 3.33 2, 14030 0001179 = 0.252 "
" %x0,750 = 3.46 " n 2,880x0,0000954 = 0,275 " " n
v x0,785 = 3,62 " " 4,170x%0.0000731 = 0,305 " " "
" x0,825 = 3.80 " " 6,310x0.0000542 = 0,343 " " "
" x0,876 = 4,04 " " 10,980x0.0000373 = (€.409 u " "
" x0,928 = 4,27 " " 18,600x0.0000260 = 0.484 " " "
" x0.978 = 4,50 " " 31,600xﬁ.0000175 = 0.553 " " "
"ox1,035 = 4.77 " " 58,900x0.0000116 = 0.684 " " "
" x1,095 = 505 " " 114,000x0 0000077 = 0,864 " n "
" x1,600 = 5.35 " " 224,000x0,0000059 = 1,325 n u "
"ox1,239 = 5,61 " " 407 OOOxO 0000044 = 1,791 " " "
" x1,310 = 6,04 " " 1,098,000x0.0000057 = 32,962 " " "
" x1,385 = 6,38 " " 2,400,000x0,0000031 = 7,440 " " "
" x1.,475 = 6,80 " n 6,300,000x0.0000028 = 17,640 " “ "
" ox1,571 = 7.24 " " 17,380,000x0.0000025 = 44,380 u u "

When these datz are plotted, the curve has a shzrp
upswing, as shown in Figure 14. Logarithmic coordinates
were used in order to place all the points on one graph.
The theoretical expansion of the experimental formulze
seems to break down when a 9 nercent grade is exceeded
and to assume that a vehicle would consume 44 gallons of
gasoline per mile on a 15 percent grade would involve
gross error. Therefore, if these formulae are to e used
to determine fuel consumption, the grades must be limited
to nine percent or under, and even then the results de-
rived should be used for comparative purposes only. It
must be remembered that when a formula is based upon var-

iable factors it can be only as strong as its weakest
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component, It is not possible that the formulae developed
in this paper be absolute; they are intended only as a
means of comparison.

Fortunately another means of estimating fuel consump-
tion is available that is limited only by the vehicles!
ability to negotiate a given grade, this method is based
upon the assumption that fuel consumption is a function of
vehicle horsepower,

A method in which analyses are made of fuel consump-
tion on composite grades, and using the straight-line
characteristic of fuel consumption and brake horsepower
for the internal combustion engine has been developed by
Professor H. B. Shaw of the North Carolina State College.=o
Highway engineers have known for many years that fuel con-
sumption on grades up to 4 percent was not rmmch, if any, in
excess of consumption on the level., Professor Shaw seems
to have been the first to point out the reason for this
constant fuel consumption, and to furnish the experimental
proof, From the results of numerous road tests in which
the amounts of fuel consumed on grades were measured, he
proved that, for the lqwer grades and for movement both up
and down grade, little, more fuel was consumed than for an

equal distance on the level, If the speed be held constant,

234eeesHs B, Shaw, "Highway Grades and Motor Vehicle Costs",
Bulletin No. 7, Engineering Experiment Station, North
Carolina State College.
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he showed that, theoretically, no more fuel will be used
on the grades than on the level, provided the grades do
not exceed a meximum, This maximum grade is the "float-
ing grade", or the decending grade on which no power from
the engine is required to maintain the speed.

The proof of Professor Shaw's conclusions lies in
the fact that for a constant speed the fuel consumption
of an internal combustion engine varies directly as the
brzke horsepower.

Although Figure 15 a purely hypothetical case, it
serves to illustrate the above statement.

With the forrmmla:

E.P. = MP.H. x GVW (f + g)
375

9

horsepower requirements for a speed of 40 miles per hour
and 2 gross vehicle weight of 12,000 pounds, on all grades
ranging from 0 to 7 percent, were found., With a perform-
eance curve fcr a Continental engine, model B-6427, serial
number 1174, the fuel consuwmption in pounds per brake
horsepower-hour for the corresponding engine speed was
calculated using the following formula:

No. of gals./hr = ibs. fuel/hr., x BHP
6.25

where 6,25 is the weight in pounds of a gallon of gasoline,
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the fuel consumption corresponding to each horsepower re-
guirement was computed., Similar tests on other engines
indicate that, for constant fuel mixtures and engine tem-
peratures, the straight-line relation holds., If, then, a
vehicle is driven over a highway at a constant speed, the
fuel consumption will be proportional to the horsepower
output of the engine, The horsepower output will, in turn,
be proportional to the tractive resistance. For example,
if a vehicle that is moving at a constant speed encounters
a grade of 4 percent for a distance of iOOO feet, the
additional horsepower_required will be proporticnzl to the
grade resistance., If, at the same speed, the wvehicle de=-
cends a 4 percent grade that is 1000 feet long, the total
horsepovwer required will be decrezsed because of negative
grade resisfance. The power reguirements while the veni-
cle is going up and down the grade may be surmmarized as

follows:

Total horsepower required up the grade = Horsepower
to overcome tractive resistance plus horsepower to
overcome grade resistance.

Total horsepower required down the grade = Horse-
power tc overcome tractive resistance minus horse-

power due to negative grade resistance,

If, for example, the horsepower up 2 grade is utilized
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for 1000 feet, and the horsgpower down can be reduced with-
out reducing the road speed, the resultant fuel consumption,
which is proportional to the horsepower, for moving both up
and down the grede will be the seme as for moving a vehicle
2000 feet on the level., Compenssting grades of this type
are usually called floating grades.

Some engineers have objected tc the use of the straight-
line principle for determining fuel consumption on the hesis
that 2 variation in the air-fuel ratio will change the power
requirements,

Constant air-fuel ratio as an indication of constant
combustion efficiency is a necessary recuirement to obtain
the straight-line relation., The air-fuel ratio can be con-
trolled in laboratory work, but under road conditions the
fuel mixture is varied by the carburetor., Even if such a
variation does exist the method can still be used to aid
in the determination of fuel consumption. As long as all
comparisons are made on the same basis any error would
have a counter-balancing effect.

On every properly prepared engine performance curve
there should appear a curve labeled "Fuel-pounds per brake
horsevower-hour”, If the governed speed of an engine should
be 2600 revolutions per minute, the horsepower and pounds of

fuel consumption for this engine speed can be located., In
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this case the horsepower was found to be 120 and the fuel
consumption .6 of a pound per brake horsepower-hour. With
the following formula fuel consumption can be determined:

Gallons per hour = Lbs of fuel/hour x BHP
Weight of a pound of fuel?4

— .2

11.6

Therefore, if this vehicle were traveling at 25 miles per
hour, it would use 0,465 gallons of gasoline per mile,
With this relation established the fuel used on any grade
can be determined for any load.

This method is especially applicable to heavily loaded
trucks since the engine will be operating at full governed
speed the major part of the time, Fuel consumption on
grades can therefore be expressed as a function of the
time required to travel up the grade.

The discussion so far has been limited to the consid-

eration of trucks powered with gasoline engines; however,

24 4..0eFuel weightss
1, Diesel fuel (Slow speed = Industrial) = 7.48 1lbs./gal.
2. Diesel fuel (High speed - Bus and Truck)7.,12 " "

3e Tractor fuel 6,95 " "
4, Volatile tractor fuel 6,50 ™ "
5, Third grade gasoline 6420 ¥ "
6. Regular and Premium gasoline 6,15 " "
7. Aviation gasoline 6,00 " "
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since diesel powered trucks have become increasingly more
important in the field of transportation, some mention
mist be made of their fuel consumption characteristics,

Data on diesel fuel consumption, due to the relative
newness of this type of engine in trucks, is even more
meagre than data on gasoline consumption. Again, the
only actual tests made have been conducted by the Oregon
State Highway Commission. The following pascsage, taken
from page three of the Oregon State Highway Department
Technical Bulletin No. 5, present the conclusions derived
from these tests., "Results from a survey comprising 100
vehicles in actual service show diesel fuel consumption,
expressed in gallons per mile, to be 40 percent less than
gasoline in relatively level country and 45 percent less
in mountainéus country".

The second savings, that of time, is also a function
of speed, but not in the same sense as fuel consumption.
Speed is affected by many factors, a few of which are
listed below.

1., Improvement of road surfaces.

2., Reduction of rise and fall in elevation.
3+ Improvement of gradientse.

4, TImproved alignment.,

5. Increased shoulder widths.

6. Elimination of congestion.
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7 Elimigation of intersections and railroad
crossings,

All of the above factors are importent in relation to
speed, tut space limits this discussion to gradients. A
reduction of rise and fall, which is closely related to the
reduction of gradient, is almost impossible in logging
operations., In public highwey location, rise and fall may
be reduced to a minimumg; but for a logging operation in
rough terrain, routes are frequently limited by topography;
consequently rise and fall is fixed., The gradient, how-
ever, can be changed in most cases.

A 40,000 pound truck traveling over a mile of 3 per-
cent grade will use 0.2996 gallons of fuel. The same
truck traveling on an alternate route, but so divided that
one half of the distance is on the level and the other
helf of the distance is on a 6 percent grade, will use
0.2637 gallons of gasoline. The rise and fell has remained
the seme in both cases, 168 feet, but the reduction of the
rate of grade, or gradient, has reduced fuel consumption
0.0641 gallons per mile, In this situation it was assumed
that the rise and fall was restricted, as is the case, for
the logger, If this situation had existed in the location
of @ public highway and it had been possible to reduce the
total rise and fall to 106 feet with no increase in dis-

tance the following computations would be made:
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Route 1

Distance: One mile.
Rise and fall: 168 feet
Sections: Contiruous at 3%

Fuel = 0,0000731 (40,0000.785)

0.2996 miles per gallon,

Route #2

Distance: One mile,

Rise and fall: 168 feet

Sections: mile at O percent grade
5 mile at 6 percent grade

Fuel = 0,0001283 (40,0000.71%)
= 2426 X o5 mile = 0,1213
Tuel = 0,0000260 (40,0000.928)

4849 x .5 mile = 0,2424
Total fuel = 0,3637 miles per gallon

Route #3

Distance: One mile
Rise and fall: 106 feet
Sections: Continuous at 2%

0.0000954 (40,0000.750)
2698 miles per gallon

Fuel

The above principle, that total rise and fall in log-
ging road cannot be reduced, will hold true for time savings
as well, Since time savings are a function of speed, formu-
lae have been developed by which speed for commercisl vehi-
cle operating on public roads can be determined., The
following have been used by the Oregon State Highway Com-

mission.
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Composite grades -

Speed (mph) = 60 - 0.5 gvw - 1.5 GL1+47

Ascending grades only -

Speed (mph) = 60 - 0.5 gvw - 4,33 G

where
gvw is the gross vehicle weight in thou-
sands of pounds, and
G is the grade in percent.

The following formula is more applicable to log

trucks.

M.P.H, = 375 H.P.
GVW (f + g)

For any truck of a specified gross weight, the differ-
ence in speeds corresponding to two grades can be found by
means of the above formula. However, it is the loss of
time, rather than the difference in speed that is usually
required, It then becomes necessary to change the speed
corresponding to each grade to "time in hours to travel
one mile", The difference in these times will then give
the time lost in traveling one mile on one grade rather
than the other. The following table may be found useful,
though generally the time difference can be calculated
quite readily for the particular case in which loss of time
is a factor. Time required to travel one mile can be found

by dividing one hour by the speed in mile per hour.
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Table 6 - Time in Hours to Travel One Mile

Speed Time for Speed Time for Speed Time for Speed Time for
MPH One Mile MPH One Mile MPH One Mile MPH One Mile

1 1,000 11 0.0910 21 '0.4760 31 0,0323
2 0.,5000 12 0.0833 22  0.4540 32 0.0325
3 043333 13 0.0769 23  0.4345 33 0,0303
4 0.2500 14 0.0714 24  0,4165 34 00,0294
5 0.2000 15 0.0667 25 0.0400 35 0,0286
6 0.1666 16 0.0625 26 0.0384 36 00,0279
7 0.1430 17 0.0588 27 0.0370 37 0.02705
8 0.1250 18 0.0556 28 0.0357 38 0,0263
9 0.,1112 19 0.0526 29 0.,0345 39 0.0256
10 0.1000 20 0.0500 30 0.,0333 40 0,0250

The actual mechanical reduction of a grade can be
accomplished in several ways. One method is by the re-

duction in total rise and fall as shown below:

C ORG. 6% GRADE D
10t

/
///
LINEI1= 5% ~~~ ,

o 50

= Tnez -5
77

7~

10
A B

1000'

In the example the original grade is 6 percent. A
f£ill of 10 feet between points A and B reduces the grade
to 50 feet, the result being a 5 percent grade with the
original distance of 1000 feet. A cut of 10 feet be-

tween points C and D will give the same result.
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The other method of grade reduction requires an in-
crease in the length of the grade, but expensive earth
moving operations are not involved, as is the case if the

first method were used and the total height of the grade

reduced,
C orG. 6% GRADE
10" D
/
P
// 50
LINE 1~ 5% '
/’/9 //
LINE 2—5%
~
- -
z
4,/’//'0' =
A| 200 |IB 1000’ 200"

In this case the elevation B can be increased 10
feet and the 5 percent grade can be continued to Aj the
length of the grade is thus increased from 1000 to 1200
feet, Or, the grade at C can be reduced 10 feet and the
5 percent grade continued to D, the length of the grade
likewise being increased to 1200 feet. A third way, and
usually the most economical one, consists in raising the
grade ét B five feet and lowering the grade at C by 5
feet. An additional length of 100 feet would be necessary
between A and B, and another 100 feet would be necessary
between C and D, so that the total length of the grade

would again be 1200 feet.
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Now that both methods of calculating savings due to
grade reductions have been explained and formulae pre-
sented by which these savings can be determined, the sam-
ple problem following may be used as a guide to show the
steps involved in determining the savings possible by any
gradé reduction,

Example.,

On a certain operation the main line logging road
crosses & saddle between two ranges of mountains. The
grade approaching the saddle is 6000 feet in length with
a constant rise of about 1 percent. The last 3000 feet
rises 210 feet, or has a grade of 7 percent. What saving
can be made if the last 3000 feet are reduced to a 3 per-
cent grade? Traffic over the road is 25 trucks per day
with an average load of 100,000 pounds. The road is type
4, a good haul road with a resistance of about 2 percent.
Variable hauling cost is $2,00; fixed operating cost is

$5.00, Safe speed is limited to 20 MPH.

EXISTING GRADE
=T

7%/ ¥4—PROPQSED GRADE
.~
1%
6000’ 3000' 2000'
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Rise in height of 7% grade = 3000' x 7% = 210!
Length necessary for 3% grade to reach 210' = 210" 4 3% =
7000?

Length of 3% grade 7000

Length of 7% grade 3000!

Comparative Grade Sections -

Existing Grade: _Proposed Grade:
a) 6000 feet at 1% (ay) 4000 feet at 1%
b) 3000 feet at 77 (b]) 7000 feet at 3%
c) 2000 feet at 0% :
11,000 feet T1,000 feet.

Note: Since the resistance of the road surface is equal
to a 2 percent grade (approximately 20 pounds per
1000 pounds) this figure must be added to the
gradients in order to solve for the true possible
savings, i.e., fuel consumption and hauling time
on the 7 percent grade will actuzlly be equivalent

to those for a 9 percent grade.

Time Savings -

Determine the speed using this formula:

M.P.H. = 275 H.P,
GVW (f + g)

(d) speed on existing 1% grade (Figured as 3% grade.)
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Assume: 19 m.p.he

375 -x 200
100,000 (.0087 + ,03)

MQP CH L4

75000
3870

= 19.4
Time on this grade = 1 hr, 4 19.4 mph ('g'%g‘g) = 0,0586 hrs,

(v) Speed on the existing 7% grade (Figured as 9% grade.)

Assumes 8 m.p.h.

375 x 200 ‘
100,000 (.0077 + ,09)

HQP .H.

75000
9770

7.7

Time on this grade = 1 hr, 4« 7.7 mph (.g.g%g) = 0,0740 hrse.

(e¢) Speed on existing level section (Figured as 2% grade.)

Assume: 26 m.,p.h.

M.P.H. = 375.% 200
100,000 (.0093 + ,02)

75000
2930
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= 25,6

Time on this grade = 1 hr 4+ 20 mph (safe speed) (gggg) =

0.0190 hrs.

(al) Speed on the remainder of the 1% grade after new grade
is cut. This calculation will be the same as in (a)

except the distances are different.

Time on this grade = 1 hr. 4 19.4 mph (gggg) = 0.0391

(b;) Speed on the 3% grade. (Figured as 5% grade.)

Assume: 13 m.,p.h.

375 x 200

M.P.H.
100,000 (,008 + ,05)

= 75000
5800

13 m.p.he

Time on this grade = 1 hr., 4 13 mph (%%%%) = 0.1020

Total time -

Existing greade Proposed grade
1% grade = 0.0586 1% grade - 0,0391°
"% grade = 0,0740 3% grade = 0.,1020
0% grade = 0,0190
0.1516 0.1411
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Time savings

0.1516 hrs

Total time on existing grade
0.,141l1 hrs

Total time on proposed grade

Savings in hours 0.,0105 hrs
Trucks per day 25
Savings per day 0.2625 hrs
Working days per year 300
Saving per year 78,7500
Fixed operating cost $ 5.00
Saving per year $ 393,75

Engine - Waukesha, model 6-WAL
Net horsepower 200 at 1800 r.p.m.
Lbs. fuel/bhp-hr at 1800 r.p.m. = 570 (70-octane

gzsoline)
Gallons per pound of 70-octane gasoline = 6,20

Gallons per hour = «570 x 200
6.20

= 18.4

(2) TFuel consumption on existing 1% grade.

18.4 gallons x 0.,0586 hrs = 1.078 gallons,

(b) Fuel consumption on existing 7% grade.

18,4 gallons x 0.,0740 = 1,362 gallons

(¢c) TFuel consumption on the existing level grade.

18.4 gallons x 0,0190 = 0,350 gallons

(a1) Fuel consumption on the remainder of the 1% grade.
18.4 gallons x 0.,0391 = 0,719
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(bl) Fuel consumption on the 3% grade.
18.4 gallons x 0,1020 = 1.877 gallons

Total fuel
Existing grade: Proposed grade:
1% grade = 1,078 gals. 1% grade = 0,719
"% " = 1,362 " 3% grade = 1.877
0% " = 1,350 "
3790 2.596

Fuel Savings

Existing grade 3.790 gallons

Proposed grade 2.596 "
Gallons saved per trip 1,194 u
Trucks per day 25
Gallons saved per day 29 .85
Workingdays per year 300
Gzllons saved per year 8955
Cost per gallon 20

Dollars saved per year $1791,00

Saving in time = & 393,75
Saving in fuel = 1791,00

Total saved per year =$ 2184,75

Now that the total saving per year is known the amount
that can be spent to effect the grade reduction must be
determined, Naturally any money that is invested must be
figured at some rate of interest, regardless of whether it
is borrowed or not. If the investment is to be recovered
in 15 years, and 5 percent interest must be made, the fol-

lowing compound interest forrula will be used,
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Co = & (1.0 p* - 1)
0.0 p x1.0 pn

where

Co is the smount that can be spent,
s is the annual saving,

p is the rate of interest, and

n is the nmumber of years.

Substituting the correct values in the given formula:

#2185.00 (1.0515 - 1)
0.05 > 1.0512

Co

£185,00 (2.,079-1)
0.05 % 2,079

$2185,00 (10.3797)

$22,620,00

The use of five percent in the foregoing problem for
captalizing the savings in operating cost may be questioned.
If money can be borrowed at five percent, and the annual
savings amounts to only five percent on the investment, it
is doubtful whether the investment should be made., For a
private enterprise, some additional return above the bare
interest should be obtainable in order to justify the ex-
penditure., (See the following calculzation.) Some econo-
mists have suggested that a rate of interest that is double
the prevailing rate should be used in capitalizing the sav-

ings.
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Some engineers have followed the practice of capital-
izing the savings as continuing forever, Following this
practice, and assuming the logging situation just used was
to be placed on sustained yield and that an interest rate
of six percent was required, the amount that could be spent

for grade reduction would be determined as follows:

3431 .25
0.06

$57,187,50

The above procedure is based upon an illogical assump-
tions viz., that 2 road will last forever., Therefore, it
is suggested that the amount to be spent be figured only
for a fixed periodes This period can be determined only by
experienceé better roads will last longer than poor, and
should be capitalized accofdingly.

Close examination of the preceding procblem will make
another fact evident, viz., that improvements in road
surfsacing may be treated as grade reductions,

In the table of‘conversion factors, given at the end
of the first section, road resistances were evaluated as
rates of grade, These conversion factors were based upon
the assumption that the average resistance on concrete is
10 pounds, which is equal tc the resistance encountered

in moving 1000 pounds up a 1 percent grade. Therefore, if
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a road is so improved that the resistance drops 10 pounds
per 1000 pounds, it is the same as reducing the grade 1
percent,

In the previous problem it is quite obvious that if
the grade reduction had been made it would not be econom-
ical to improve the remeining 4000 foot length of 1 per-
cent grade, as maximum safe speed has been attained., How-
ever, the operator in this instance decided that if the
7000 foot 3 percent grade were graded, limed and watered
daily, tractive resistance could be redﬁced 10 pounds per
1000, The cost of this work has been found through ex-
perience to cost about $500,00 per mile per year. Would

it be economical to improve the surface of the road9

Assume: 16 mph

375 -x 200
100,000 (,0083 + ,04)

M.P.H.

75000
4830

15.6

Time on this grade = 1 hr. + 15.6 (%%%%) = 0,0855 hrs.

Fuel consumption

18.4 gallons x 0,0855 hrs = 1,57 gals,
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Comparative savings -

Time:
Unimproved 0.,1020
Improved 0.,0855
+0165

Trucks per day 25

Savings per day 4125

Days per year 300

Saving per year 123,75

Operating costs 5,00

$618.,75

Fuel:

hrs Unimproved
Improved

hrs
hrs

hrs
per hr.Cost of fuel

Time Savings & 618.75
Fuel Savings 440,50

Savings per yr $1059.25

1.877 gal]ons
1.570

O 307 "
25

7.675 "
300

2202.50 w

20Z per gal.

$440.50

Since the cost of improvement is $500,00 (2900) =

$665,00 the improvement should be made.

5280

To find the amount that can be spent use the compound

interest formula that has been given,

Substituting:
Co

$1059.,00 (1,0515 - 1)

0.05 x 1.0515

$1059,00 (2,079 - 1)

0,05 x 2,079

$1059,00 (10,3797)

$11,000,00
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Of the factors affecting speed it is now possible to
determine saving due to:
1. Improved road surfaces.
2. Reduction of rise and fall,

3. Reduced gradients,
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SECTION IV

SAMPLE PROELEM



Sample Problem

In order to demonstrate the practical aspplication of
the principles that have been set forth, a situation has
been assumed in which it is necessary to select the correct
type of haunling equipment, giving due consideration to pos=-
sible road locations and road surfaces.

The costs which are used in this illustration are not
meant to apply to any particular operation, they are merely
an average of what might be expected.

The tract of timber to be logged is composed of sever-
al townships lying adjacent to one another. The area has
been cruised and the volume found to be 2,300,000,000 board
feet., Since an annual cut of 130,000,000 board feet is
needed to supply the mill the operation is expected to last
about 20 years. The interior logging roads have been
planned and 2ll that remains is to locate the main haul road

and select the hauling equipment. For this purpose the fol-
lowing data has been collected:

Possible Main Line Roads =

Route Io
Section 1, 7.85 mi. at + 14,
" 2. 1.50 mi. at + 3%,
" Se 3.00 mi, at 0%.
" 4, 4,95 mi, at - 2034%
Route II,
Section 1. 0.41 mi, at 0%
" 2. 1.70 mi, at + 8%
" 3. 1060 mio at - 5%
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Section 4. 1.86 mi, at - 3%
" 5. 2,84 mi, at + 2%
" 6 0.50 mi. at - 15.4%

Note: Plus grades are considered adverse when the
trucks must negotiate the grade when loaded.
Possible Road Surfaces -
Type II. Good Macadam,

Resistance - 1.5% (or 15 1bs. ver 1000 1bs.)
Construction Cost per Mile:

Route I Light Trucks $ 10,000
Medium " 11,000
Heavy " ) 13,000
Route II Light " 12,000
Medium " 13,000
Heavy " 15,000

Maintenance Cost per Mile per Year:

Route I Light Trucks $ 300
Medium " 400
Heavy " - 50O
Route II Light " 400
Medium " 500
Heavy " 600

Type III, Hard Clay-Bound Gravel, Rolled, and Watered
Dailyo
Resistance - 2.,5% (or 25 1bs. ver 1000 1bs.)
Construction Cost per Mile:

Route I Light Trucks $4,000
Medium " 5,000
Heavy " 7,000
Route II Light " 5,000
Medium " 6,000
Heavy " | 8,000

Maintenance Cost per Mile:s

Route I Light Trucks $ 400
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Medium Trucks $ 500

Heavy " 600
Route II Light " 500
Medium " 600
Heavy " 700

Type IV. Good Haul Road. Hard-Packed Natural Soil,
Stabilized Subgrade, Watered Daily.
Resistance - 4.0% (or 40 1bs. per 1000 1bs.)
Construction Cost per Mile:

Route I Light Trucks $ 2,500
Medivm " 3,500
Heavy " 54500
Route TI Light * ' 3,500
¥edium " 4,500
Heavy " 64500
Maintenance Cost per Mile per Year:
Route I Light Trucks $ 475
Medium “ 575
Heavy " 675
Route II Light " 575
Medium " 675
Heavy " 775

Type V. Pair Haul Road. Partially Packed to Flexible
Under Medium and Heavy Losads,
Resistance -5% (or 50 1bs. per 1000 1bs,)
Construction Cost per Mile:

Route I Light Trucks $ 1,250
Medium ¢ 2,250
Heavy " 4,250
Route I1 Light " 1,500
Medium " 2,500
Heavy " 4,500

Maintenance Cost ver Mile per Year:

Route T Light Trucks $ 550



Medium Trucks

$ 650

Heavy " 750
Route II Light " 650
Medium " 750
Heavy " 850

Possible Truck Types =

Light Trucks:
Engine. v

Displacement
Maximum torque
Maximum horsepower
Fuel consumption

Weights .

Payload
G.V.W,

245 cutric inches.

191 ft.-1bs at 1000 rpm.

89 hp. at 3100 rpm.

0.67 1bs. per bhp-hr at 3100 rpm.
0.59 1bs, per bhp-hr at 500 rpm.

35,375 1bs (or about 7M)
43,800 lbse.

8,425 1bs,

Machine rate

Medium Truckss:
Engine,

Displacement
Maximum torque
Maximum horsepower
Fuel consumption

Weights .

Payload

G .v OW.

Empty
Machine rate

Heavy Trucks:
Engine.

Displacement
Maximum torque
Meximum horsepower
Fuel consumption

$3.50 per hr.

501 cubic inches.

384 ft.-1bs at 1200
148 hp at 2400 rpm.
0.62 1bs per bhp-hr
0.64 1bs per bhp-hr

IDm.

at 2400 rpm.
at 600 rpm.,.

65,195 1bs. (or about 9M)
81,500 1bs.,

15,305 1bs.

$6.50 per hr.

1090 cubic inches.

940 ft.-1bs at 1300 rpm.

295 hp. at 2000 rpm.

0.56 1bs. per bhp-hr at 2000 rpm.
0.54 1bs. per bhp-hr at 800 rpm.
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Weights.

Payload 324,100 1lbs. (or about 43M)
G.V.VW. 358,600 1bs.
Empty 34,500 1bs.

Mechine rate $14.,00 per hr.

Note 1.

Note 2.

Note 4.
Note 5.

Note 6.

Resistance on the loaded trip will be calculated
as 2 normal tractor-truck semi-trailer, but since
it is the practice to load the trailer on the
tractor for the return trip the resistance will
therefore be calculated as a single unit truck.
An exception to this will be the heavy truck.

The heavy truck is equipped with an extra three
axle trailer which cannot be loaded, Conseguent-
1y, the return trip for the heavy truck will be
calculated as a semi-trailer.

When the required horsepower drops below the out-
put at idling speed (as shown in the fuel con-
sumption data) fuel consumption will be figured
on the fuel that would be used a2t idling speed
maltiplied by the required horsepower, the prod-
vet of which is divided by 6.2 pounds, the weight
of 1 gallon of gasoline. Since it is the prac-
tice of truck drivers to put the vehicle into
gear and come down steep grades under compression
rather than using their brakes, fuel consumption
will be determined in the same manner ss is done
for a positive horsepower output.

All costs will be determined for a round-trip mile.

Average speed is calculated by the following for-
mulas

M.p.H, = 2HL
HL

where

H is the high speed, and
L is the low speed.

Hauling cost per M for a round-trip mile will be
calculated by the follewing formulas
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H.C. = 2 X M.R,
MQP.H. X Ld

where

M.,R., is the hourly machine rate,
M.P.H., is the average round-trip speed, and
ILd is the load in thousands of board
feet (W).

Selection of the correct route and road type for LIGHT TRUCKS.

Loaded Empty

Type IX., Assume: 29 mph. Type II. Determine the horse-
power as it is quite obvious
that a safe empty speed of 40

MpH = 275 x 89 mph will be exceeded.
44000 (.015 & ,00113)
40 = 375 H.P,
- 33375 8000 {.015 &+ .,035)
1159
40 = 57ZO§.P.
= 28,8

H.p, = 16000
Over a safe loaded speed of 375
20 mph. Calculate the horse-
power required for 20 mph,

H,P, = 43
20 = 375 H.P.
44000 (.015 + .0097) Fuel used at 43 hp.:
= 375 H,P.
H.P. = 21760
«375 = 3.60 gals. per hr,
H.P" : 58
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Loaded Empty

Fuel used a2t 58 hp.: 1 hr. « 40 mph, = 0.025 hr.

per mi.

0,025 hr. per mi. x 3.60 gals.

= 252 x 56 per hr. = 0.0900 gal. per mi,
6.2 % 20¢ per gal., = 1.80 £ per mi.

4,86 gals. per hr,

1l hr. « 20 mph = 0,05 hr per
mi,

0.05 hr, per mi, x 4.86 gals.
per hr, = 0,243 gal., per ni.
x 20¢ per gal. = 4,867 per mi,

Type III, Assume: 22 mph, Type II. Calculate horsepower,

MPH = 375 x 89 40 = 375 H.P,
44000 (.025 « ,0099) 8000 (.025 s ,035)
= 33375 = 375 H.P.
1535 40 480
= 21.7 (safe enough) H.P, = 1%5%9
1l hre 4 20 mph = 0,05 hr per
mi, = 51

0.05 hr., per mi. x 9.52 gals, H.P.

rer hr, = 0,476 gal., per mi,
% 20Z per gal. = 2,507 per mi .Fuel used at 51 hp.:

6.2

4,28 gals. per hr,

1l hr., 4 40 mph = 0,025 hr. per
mi,

0,025 hr, per mi. x 4.28 gals.
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Loaded _ Empty

per hr, = 0,107 gal. per mi.
x 20Z per gal. = 2.14¢ per mi.

Type IV. Assume: 15 mph, Type IV. Calculate horsepower.

wpy = 375 x 89 0 = 375 H.P,
22000 (.04 + .0088) 40 % S560 164 « .035)
- 23375 10 = 375 H.D.
5145 600

s
.
L]
.

n
A} ]
1y
(o]
(o]
(@]

= 15.5

1 hre 4 15,5 mph = 00,0645 hr

per mi, -,
0.0645 hr., per mi. x 9,52 H.P,. 64

gals., per hr. = 0.614 gal, .,
per mi. x 202 per gaol. = Fuel used at 64 hp.:
12,302 per mi.

- D2 X 64

.

S 5,37 gals. per hr.

1 hr, « 40 mph. = 0,025 hr.
per mi.

0,025 hre. per mi. x 5.37 gals.
per hr., = 0.1345 gal. per mi.
x 207 per gal. = 2.692 per mi.

Type Ve Assume: 13 mph, Type V. Calculate horsepower,
MPH = 375 x 89 40 = 375 H.P.
42000 (.05 + .,0084) 8000 (.05 + .035)
- 33375 40 = 375 H.P.

2570 680
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T.oaded

13

Empty

27200
680

H.P.

1 hr. 4 13 mph., = 0,0770 hr,

per mi.

0.0770 hr. per mi. x 9.52
gals. per hr, = 0.734 gal.
per mi, x 20¢Z per gal., =
14072, per mio

H’.P’. 73

Fuel used at 73 hpe.:

D3 X 235_
6.2

6.24 gals. per hr,

1 hr. 4+ 40 mph., = 0.025 hr.
per mi.

0,025 hr. per mi. x 6,24 gels.
per hr, = 0.1560 gal. per mi.
x 20¢ per gal. = 3.12¢ per mi,

Round-trip calculations:

Type II.
Round-trip speed.

Fuel per M per mi,

Type III.
Round-trip speed.

2(40) (20)
40 « 20

26,7 mph.

4,867
1.80
6.66Z 4 BM = 1.333¢

2(40) (20)
40 + 20

Z 26,7 mph.,
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Fuel per M per ni,

9.
2.

507
14

11.64¢7 4 5M = 2.328¢

Type IV,
Round-trip speed. 2(40)(15.5)
40 &« 15.5
= 22,3 mph.
Fuel per M per mi, 12,307
2.69

Type Ve

Round-trip speed.

Fuel per M per mi,

T4.007 4 BM = 2,998¢

2(40)(13)

40 + 13

= 19

14
3

«6 mph.

742
12

17.867 « BM = 3.572¢

Summary of Costs for

0ad Round-

ype Trip Cost
Speed

I 26,7 5.25¢

I 26,7 5.25¢

I 22,3 6.28¢
19 .6 ‘? .]-4ﬂ'

Hauling Fuel

Const.
per M per mi,
per mi Rt. I

1.333Z $10000

2.,328¢ 4000
2.998¢ 2500
3.672¢ 1250

Route I

Const. Mazint, Maint. Total
per M ©per yr. per M Cost
per mi. Rt. T per yre.

0.435¢Z $300 02307 7 248¢
0.174¢ 400 0.308¢ 8.060Z
0.,109¢ 475 0.366¢ 9.753¢Z
0.054¢ 550 0.4232 11,2097



Summary of Costs for Route II

Road Round- Hauling Fuel Const. Const. Maint. Maint., Total
ype Trip Cost per M per mi. per M per yr. per M Cost
Speed per mi., Rt, IT per mi. Rt. IT per yr.

11 26.7 5.25¢ 1.333¢ $12000 0.,521¢ @ $400 0.308¢  7.412¢
111 26,7 5.25¢ 2.328¢ 5000 0,2177 500 0.385¢Z 8,180¢
i 2243 6.287 2,.,998¢ 3000 0,152¢ 575 0.442¢ 9.,872¢
19.6 7147 3.572¢ 1500 0,065¢ €50 0.5007 11.277¢

Based on level performance the cost of transportating 1000
board feet can now be found for light trucks.

Route I 17.1 mi. = 7.248¢7Z = $1.24
Route II S.9 mi., x 7.412¢ = 73
Savings on Rt. IT $0,.51

This calculzation is based on level road performance,
but can be used to determine the best road type, in both
cases it would be Type II where total costs are lowest,
and the most economical rcad location. TFor actual hauling
costs similar calculations must be made for each individ-
ual section of the adopted road type and route.

Determinate of Actual Hauling Costs for Light Trucks on

Route I
Type II Road
Loaded Emp ty
Section 1.

Assumes 22 mph. Calculate horsepower
MPH = 375 x 89 40 = 375 H.,P,

244000 (.0154.01+.0099) 8000 (.015 #.035+ -,01 )

= 33375 40 = 275 H.P.
1535 32

H.p, = 12800
21.7 mph (safe enough) =55
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Loaded

1 hr. 4« 20 mph = 0,05 hr,
per mi.

0.05 hr, per mi, x 7.85 mi, =
0.392 hr, 0.392 hr, x 9.52
gals. per hr, = 3.74 gals. x
20Z per gal, = 74.60¢

Empty
H.P., = 34
Fuel used at 34 hp.:

52 x 34
6.2

= 2,85 gals. per hr,

1 hr, 4 40 mph = 0,025 hr. per
mi. 0.025 hr. per mi. x 7.85
mi, = 0,1965 hr. 0.1965 hr., x
2.85 gals. per hr. = 0.560 gal.
x 20Z per gal. = 11.20¢

Section 2.

Assumes: 14 mph.

= 375 _x 89
44000( .015+ .03+ ,0087)

1]
()]
o))
V]
~3
o1

14.1

1 hr. 4+ 14.1 mph, = 0,071 hr,
per mi. 0,071 hr. per mi, x
1.3 mi, = 0,0925 hr, 0.0925
hr x 9.52 gals per hr. =

0.88 gal. x 207 per gal, =

17 .60¢

Calculate horsepower

40 = 375 H.P.

8000(.015+ ,035+ =,03 )

375 H.P,

0
4 160

6400

H.P.
375

H.P, = 17
Fuel used at 17 hp.:s

DD x 17
6.2

= 1.51 gals. per hr.

l hr, 4« 40 mph = 0,025 hr,
per mi., 0,025 hr. per mi.

-133-



Loaded

Emp ty

X 1.5 mi. = 000325 hI‘.
0,0325 hr x 1.51 gals. per
hr., = 0,049 gal. x 207 per
gal. = 1.00¢

Section 3

In the calculations necessary 1In the calculations necessary

to determine road type it was
found that a loaded truck
could attain 20 mph on the
level with a horsepower out-
put of 58, TFuel consumption
was also determined, and
found to be 4.86 gals. per
hr,.

1 hr « 20 mph, = 0,050 hr,
ver mi, 0.050 hr. per mi. x
3mis = 0,15 hr, 0,15 hr, x
4,86 gals. per hr. = 0,729
gal., x 207 per gal. = 14,607

to determine road type it was
found that an empty truck
could attain the speed of 20
mphe, on the level with an out-
put of 43 horsepower. Fuel
consumption was also deter-
mined, and found to be 3.60
gals. per hr.

1l hr, +« 40 mph. = 0,025 hr,
per mi, 0.025 hr. per mi. x
3mi. = 0,075 hr, 0,075 hr.
X 3.60 gals. ver hr. = 0,270
gal. x 207 per gal. = 5,407

Section 4

Calculate horsepower.

Calculate horsepower.,

o0 = 375 H.,P, 40 = 375 H.P,
24000(.015+0097+ -0234) 8000(.0154+ .0354,0234)
20 = sgg H.P. 40 = g%_g_é_H.P.
HP, = 1144 H,P, = Eggg_o
H.P, = 3 H.P, = 63

Fuel used at 3 hp.:

Fuel used at 63 hp.:
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«315 gal. ver hr,

1 hr. 4 20 mph, = 0.05 hr,
pver mi. 0,05 hr. per mi, x
4,95 mi., = 0.248 hr, 0,248
hre x 0.315 gal. ver hr, =
0,078 gal. 0.078 gal. x
20¢Z per gal, = 1,56¢

5,25 gals. per hr,

1 hr, 4 40 mph, = 0,025 hr,
per mi, 0,025 hr, per mi, x
4,95 mi, = 0.124 hr. 0,124
hr, X 5.25 gals. ver hr, =
0.651 gals. x 20 per gal., =

13,04¢

Calculation of the Actual Cost of Hauling over Route I

Loaded Empty

Time Fuel Time Fuel
Section 1 03920 hr. 74,60 0,1965 hr. 11.20¢7

¥ 2 0.0925 17 .60 0.0325 1,00

" 3 - 00,1500 14.60 0.0750 5440

" 4 02480 1.56 00,1240 13,04
Total 0.8825 hr. 108,36¢Z 0.4280 hr, 30.647

Round-trip speed and fuel cost.

Loaded speed, 7.1l mi, 4+ 0.8825 hr = 19.4 mph.
Empty speed, 17.1 mi. + C.4280 hr = 40.0 mph.

2 (40)(19.4)

Round-trip speed

40 » 19.4
= 26.2 mph.
Fuel per M per mi,
Loaded 108,36
Empty 30,64

139,002 4 17.1 mi = 8,137 4 5M = 1,.625¢
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Summary of Actual Costs for Route I.

Reed Round- Hauling Fuel Const. Const. Meint, Maint. Total
Type Trip Cost per M per mi, per M per yr. per M Cost
Speed per mi, Rt I per mi. Rt. I per yr.

I 26,2 5,34¢ 1,.,625¢ $10000 0.435¢  $300 0.2302 7.630¢

Actual Hauling Cost per M - Woods to Mill.,
17.1 mi, x 7,637 = $1,30

Determination of Actual Hemling Costs for Light Trucks on

Route II

Type II Road

TLoaded Empty

Section 1
Loaded speed on the level Empty speed on the level has
has been found to e 20 mph., been found to be 40 mph. 2t g
et a power output of 58 power output of 43 horsepower.
horsepower. Fuel consump- Fuel consumption for this

tion for this speed is 4,86 speed is 3.60 gals. per bre.
gals. per hr,

I hr, 4 20 mph. = 0,05 hr, 1 hr. + 40 mph. = 0.025 hr.
per mi, 0,05 hr. permi. x ©per mi., 0.025 hr, per mi. x
«41 mi. = 0,0205 hr, 0,0205 .41 mi, = 0,0103 hr., 0.0103
hr, x 4,86 gals. per hr, = hr, x 3.60 gels. per hr, =
0.100 gal. x 20¢ per gal, = 0.0370 gal. x 20 per gal, =

2,00 0.742
Section 2
Assumes 7 mph. Calculate horsepower
VP = 375 x 89 - 375 H.P.
Z2000( 015+ .08+ .0081) 40 8000(.015+ 4,035+ =,08 )
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Loaded

11}
8\
o]
(1]
-3
(W)

1 hre 4+ 7.4 mph. = 0,135 hr.
per mi. 0,135 hr. per mi. x
1.7 mi. = 0,200 hr. 0,200

hre X 9.52 gals. per hr, =
1.905 gals. % 20¢ = 38,05¢

40

H .P'. -

H.P. = =25.6

Fuel is computed as if the
engine were developing 25.6
hp. as the driver would put
the engine in compression
rather thzn use brakese.

25.6

54 X
62

= 2,23 gals. per hr.

1 hr. 4 40 mph. = 0,025 hr.
per mi. 0,025 hr, per mi., X
1.7 mi. = 0.,0425 hr, 0.0425
hr. X 2.23 gals. per hr, =
00,0947 gal. x 20Z per gal, =
1.907

Section 3

Calculate horsepower.

375 H.P,

20

-§25 H QP’.
-1088

20

- =21760
375

44000(.0154+ 0097+ -,05 )

H’ .P!. :

Calculate horsepower,

275 H.P,

80001.015+.05*.035)

375 H.P,
800

40

40 =

32000
375
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Loaded
H'QP‘. - - 58
Fuel used at 58 hp.:

.92 x 58
6.

Vi

= 4,87 gels. per hr,

hr. ¢« 20 mph. = 0,05 hr,.
er mi, 0,05 hr, per mi. x
£ mi, = 0,08 hr, 0,08 hr
4

3

o

.87 gals., per hr, =
0 gal. x 20Z per gal. =
Z

«80

2O Y

HP. = 85
Fuel used at 85 hp.:

= 7.95 gals. per hr,

1 hr. 4+ 40 mph, = 0,025 hr,
per mi, 0,025 hr, x 1.6 mi.
= 0,04 hr, 0,04 hr. x 7.95
gals. per hr, = 0,318 gal, x
207 per gal. = 6.36Z

Section 4

Calculate horsepower,

o0 = 375 H.P,
4Z000( 40154 40097+ - .03 )

20 = 375 H.P,
-235
- =4700
HP, = ===
F 375

HQP'. : -12 .5
Fuel used at 12.5 hp.:

«H9 x 12 oD
6.2

= 1.19 gals per hr,

Calculate horsepower.

375 HJ.P,

8000: 0015‘|' 0035¢ 003)

375 H.P,
640

40

40

H.p, = 25600
%75

H.P. = 68

Fuel used at 68 hp.:

.52 x 68
6.

= 5,70 gels. per hr,
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Loaded Emp ty

1 hr. 4 20 mph. = 0,05 hr, 1l hr, +« 40 mph, = 0,025 hr.
per mi, 0.05 hr, per mi, x per mi, 0,025 hr. per mi., X
1.86 mi, = 0,094 hr, 0,094 1.86 mi. = 0,047 hr, 0.047
hr. x 1.1¢ gals. per hr, = hr. x 5.70 gels. per hr, =
0,112 gal, x 20Z ver gal., = 0.268 gal. x 20Z per gal, =

2.24Z 5,36&
Section 5
Assume: 17 mph. Calculate horsepower.

MPE = 375 x 89 40 = 375 H.P,
44000(+015+,02+,0093) 8000(.0154 4035+ =,02 )

1540 24
' H.,p, = 2600
= 17.2 375

1 hr. 4 17.2 mph. = 0,0561

hr. per mi. 0.,0561 hr, per H.P. = 25,6

mio X 3.84 mi = 0.225 hr

0.273 hr., x 9.52 gals. pér Fuel used at 25.6 hp.:
hr, = 2,2 gals. x 20Z per

gale. = 42,407 54 X 25.6

6.2

= 2.23 gals. per hr,

1l hr. 4+ 40 mph. = 0,025 hr,
vper mi. 0,025 hr., per mi., x
3684 mio, = 0,096 hr, 0.096
hr. x 2.23 gals. per hr, =
0.R14 gal, X 207 per gal., =
4,23¢Z
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Loaded Empty

Section 6
Calculate horsepower. Assume: 22 mphe.
o0 = 275 H.P, MPH = 375 x 89
42000( 0154+ 400974-154 ) 8000( 40154 ¢1544+,0174)
20 = %g—gg%—& = 33375
1490
H.P., - =116600
375 = 22.3
H.P, = =311 1 hr. 4 22,3 mph., = 0,045 hr,
ver mi, 0,045 hr. per mi. x
S mis = 0,0225 hr, 0,0225
Fuel calculated at the hr. x 9.52 gals. per hr., =
maximm. 04214 gal. x 20Z per gal., =

4,28¢

1l hr, 4+ 20 mph. = 0.05 hr,
per mi., 0.0 hr, per mi., x
D mie = 0.025 hr. 0,025
hr, x 2.52 gals. per hr. =
0.238 gal, x 20Z per gal, =
4,767
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Calculation of the Actuzal Cost of Hauling over Route II.

Loaded Empty
Time Fuel Time Tuel
Section 1 0.0205 hr. 2.00Z 0.0103 0.74¢
Section 2 0.2000 38.05 0.0425 1.90
" 3 0.0800 7 .80 0.0400 6.36
"1 0.0940 .24 0.0465 5 .36
" 5 0.2230 42.40 0.0960 1.23
m 6 0.0250 4.76 0.0295 4.28
Total 0.6425 hr.  97.o5¢ 0.2578  22.87¢

Round-trip speed and fuel cost,

Loaded speed,s 9.9 mi. 4 0.,6425 hr. = 15.4 mph.
Empty Speed. 99 mi, 4 0.6425 hr, = 38.5 mph.

Round=-trip speed - 2!58.5“15.42 :

38.5 ¢ 15.4
= 22 mph,
Fuel per M per mi.,
T.oaded 07 «25
Empty 22,87
120,12 94 9.9 mi. = 12.157Z 4 5M =

2.42¢

Summaxy of Actual Costs for Route IT

S~ ————

Poad Round- Hauling Fuel Const., Const. Maint., Maint. Total

€ Trip Cost per M vper mi, per M ©per yr. per M Cost
—_ Speed per mi. Rt. IT per mi, Rt. ITI per vyr.
qI 22 6.36¢  2.42¢ $12000 0.522¢  $400  0.308¢ 9.61¢

Actual Hamling Cost per M - Woods to Mill.

9.9 mi. x 9.61¢ = $0.952
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Selection of the correct route and road type for MEDIUM TRUCKS.,

T.oaded

Emp ty

Type II, Calculate horsepower Type II. Calculate horsepower.

375 H.P,

R0 % 530001015 + .009)

o0 = 375 H.P,
1970

39400

H.Po = 375

H.P, = 105
Fuel used at 105 hp.:

642

n

9.65 gals. per hr,

1

1 hI‘. 4 20 mph. = 0005 hr.
per mi, 0,05 hr, ver mi, x
9.65 gals, per hr, = 0,482
gal. per mi, x 20 per gal,

= 9,657 per mi,

40 = 575 H.P.

16000 [(.015 + .023)

40 = 375 H.P,
6070

H.p, = 22280
375

H.P. : 65
Fuel used at 65 hp.:

6e

6.28 gals. per hr,

1l hr, 4+ 40 mph, = 0,025 hr.
ver mi, 0,025 hr. ver mi, x
6.28 gals. per hr, = 0,1570
gal. ver mi, x 20Z per gal, =
3.142 per mi.

Type III. Assume: 20 mph,

375 x 148

YPE 2 55500 025 » .009)

Type III. Calculate horsepower

40 = 375 H.P,

" 16000 (.025 + .023)

20 = 375 H.P,
767
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Toaded

< 19.9

1 hr. ¢ 19,9 mph. = 0,0503
hr. per mi., 0.0503 hr., per
mi. X 14.8 gals. per hr. =
0.745 gal, ver mi, x 207 per
gal., = 14,907

Empty

30650

H.P.
375

H.P, = 82

Fuel used at 82 hp.:

= M
6.2

7.17 gals. per hr,

1 hr., 4« 40 mph. = 0.025 hr.
per mi. 0,025 hr. per mi, x
7.17 gals., per hr, = 00,1796
gal. per mi. x 20¢ per gal,
= 3,597 per mi.

IV, Assume: 14 mph.

375 x 148

82000 (.040 + ,0083)

:

!
9]
(9]
($]]
o
(@]

= 14
1 hr., 4+ 14 mph, = 0,0714 hr,
per mi,
14,8 gals. per hr., = 1,058
gals, per mi. x 202 per gal.
= 21010¢ per mi,

0.0714 hr. per mi. xHP, =

IV. Calculate horsepower.

Type

375 H.P.

T6000 (.04 + .023)

40

375 H.P,
1010

40

40400

HP, = 2=V
375

108

Fuel used at 108 hp.:

= 57 x 108
T 6.2
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-Loaded

Empty

Z 9,95 gals. per hr,

1 hr. 4+ 40 mph, = 0.025 hr.
per mi. 0,025 hr. per mi., x
9,95 gals. per hr, = 0,249
gal. per mi. x 20Z per gal.
= 4.,97Z per mi,

Type V. Assume: 12 mph.

375 x 148

WH - m <065 + 00081)

55500
4760

11.6

H,P, =

V. Calculate horsepower.

Tvpe

375 H.D.

T6000 (.05 + .023)

- 375 H.P.
1170

40

>
o
[}

46700
375

1 hr, « 11,6 mph. = 0,0863 hr.

per mi., 0.0863 hr. per ni.
x 14,8 gals. per hr, = 1,276
gals, ver mi., x 20¢Z per gal,
= 25,57 per mi.

H.,P., = 125

Fuel used at 125 hp.:

- o568 x 125
6.2

11.7 gals. per hr,

1 hr. 4+ 40 mph = 0.025 hr.
per mi, 0,025 hr. per mi. x
11.7 gals. ver hr. = 0,293
gal. ver mi. x 20 per gal.
= 5,857 per nmi.
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Round-trip calculationss

Type II

Round-trip speed. 2(40) (20)
40 +» 20
S 26,7 mphe.
Fuel per M per mi. 0 .65¢Z
3,14

————

12,797 4 5M = 1.421¢

Type III ‘
Round-trip speed 2!40“19.9!
40 *» 1 .

26 4.6 mphe

Fuel per M per mi. 14,.90¢
5459

18.497 4 9M = 2.057

Type IV
Round-trip speed. 2(40) (14)
40 + 1
= 20.7 mph.
Fuel per M per mi. 21.107
4,97
26,077 4 OM = 2,897
Type V ’ ‘
Round-trip speed. 2(40) (11.6)
40 » 11,6

= 18 mph,
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Fuel per M per mi,

25.50¢2
5 .85

21,35 4 OM = 3,49¢

Surmary of Costs of Route I

Road Round- Hauling Fuel Const. Const. Maint. Maint. Total

Type Trip Cost per M per mi, per M ©per yr. per M Costs
Speed ver mio, Rt. I per mi, Rts. I per vr.

I 26 .7 5,417 1,.,421¢ $11000 0,478¢ $400 0.208¢7 76172

11T 26 .6 5.447Z 2,.,054Z 5000 0.217¢7 500 0.385¢ 8.0967

v 20.7 6.997 2.890¢ 3500 0,152¢ 575 0.442¢ 10,.,474<

v 18.0 8,037 3,490¢ 22560 00,0987 650 0,500 12,1187

Summary of Costs for Route II

Road Round- Heauling Fuel Const. Const. Maint., Maint, Total

Iype Trip Cost rer ¥ per mi, ver M 9©per yr. ver M Costs
Speed rer mi, Rte I per mi. Rte I per yr.

II 2647 5.41¢ 1.421Z $13000 0.565¢ $500 0.385¢Z 17,7817

II1 26,6 5.44¢ 2,054¢ 6000 0,261¢ 600 0.461lZ 8.216g7

IV 20.7 6.99¢ 2,8907 4500 0,195¢ 675 045197 10,5947

V_ 18,0 8.03Z 3 4907 2500 0,109¢ 750 0.5767 12,205¢

Based on level performance the cost of transportating 1000
board feet can now be found for medium truckse.

Route I

Route II

17.1 mi, x 7,.,617Z
9.9 mi. x 7,781¢

Savings on Rt. II

$1.30
77

$0.53

For the determination of actual costs, as affected by

grades, the following calculations are necessarys:
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Determination of Actual Hauling Costs for Medium Trucks on
Route I :

Type II Road
Loaded Empty
Section 1
Assume: 20 mph, Calculate horsepower
MEE = 375 x 148 20 = 375 E.P,
82000( .0154+ .01+ ,009) T6000(.015+ ,023+ =,01 )
= 55500 40 = 275 H.P.
2785 - 448
- 17910
= 19.9 HoPo 2 =55

1l hr. 4 19.9 mph, = 0,0502 hr,
per mi. x 7.85 mi., = 0,394 H.Po = 47
hr, 0.394 hr. x 14.80 gals,

per hr. = 5.84 gals. x 20¢ = R
116.707 Fuel used at 47 hp.:

62 x 47
6.2

= 4,7 gals. per hr.

1l hr, 4 40 moh, = 0,025 hr.
per mi, 0.025 hr, per mi, x
7.85 mi, = 0,1965 hr., x 4.7
gals, per hr, = 0.919 gal., x
20Z per gal. = 18.40¢

Section 2

Assume: 13 mph, Célculate horsepower
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Loaded Empty

MPH = 375 x !..48 40 = 375 H.P,
82000(,0154+ .03+ .0082) - TE6000( 40154 4023+ =403 )
- 55500 40 = 275 H.P.
4370 128

- 5120
12.7 H.P. 25

1 hr. 4 12.7 mph. = 0,079 hr

per mi. 0.079 hr, per mi. x H.,P, = 14

1,3 mi. = 0,1022 hr, 0.1023 _

hr. x 14.8 gal. per hr, = TFuel used at 14 hp.:

1,515 gals. x 207 per gal, =
304302 =
= 064 x 14
642

1l.44 gals. per hr.

1 hr, 4 40 mph, = 0,025 hr,
per mi, 0,025 hr. per mi. x
1.2 mi, = 04,0325 hr, 0.0325
hr. x l.44 gals, per hr. =
0.047 gal, x 207 per gal, =

0.947
Section 3
In the calculations necessary In the calculations necessary
to determine road type it to detemine road type it
was found that a loaded wve- was found that an empty ve-
hicle could attain 20 mph. hicle could attain 40 mph.
on the level with an output on the level with an output

of 105 horsepower. Fuel con- of 65 horsepower. Fuel con-
sumption was also determined, sumption was also determined,
and found to be 9.65 gels. and found to be 6.28 gals, per
per hr, hr.

1l hr, 4 20 mph. = 0,050 hr, 1 hr. 4« 40 mph., = 0.025 hr.
per mi, 0,050 hr, permi. x per mi. 0.025 hr. per mi., x
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TLoaded

3mi, = 0,15 hre 0,15 hr,
x 9,65 gals. per hr. = 1.45

gals. x 20Z per gal.
29,007

Empty

3mi, = 0,075 hre 0,075 hr,
X 6,28 gals. per hr, = 0.470
gal. x 20Z per gal. = 9.40¢

Calculate horsepower.

o0 = 375 H.P,

82000(.015+,009+ -0234

20 - 375 H.Pr.
49

O

H.p. = 280
=

(3}

H.P, = 2,0
Fuel used at 2.5 hpe.:

.6_4_ X 2.5
6.2

«25 gal. per hr.

1 hr. + 20 mph,. = 0.050 hr.
per mi., 0,050 hr. per mi. x
4,95 mi, x 0.248 hr. 0.248

hr. x 0,25 gals. per hr.

0.06 gal, x 207 per gal.
1.20#7

Section 4

Calculate horsepower,

375 H.P,
T6000( 0154 «023+ «0234)

40

20 = 375 H.P.

084
H.p, = 39350

375
H.P. = 105

Fuel used at 105 hp. has been
found to e 9.65 gals, per hr.

1 hr., 4 40 mph, = 0,025 hr,
per mi., 0,025 hr. per mi. x
4,95 mi., = 0,124 hr, 0,124
hr, x 2,62 gaels. per hr, =

1,193 gals. x 207 per gal, ®
538545 7 ver e




Calculation of the Actual Cost of Hauling over Route I

Toaded Empty
Time Fuel Time Fuel
Section 1 0.3940 hr. 116,70Z 0.1965 hr. 18.40¢
" 2 0.1023 30,30 0.0325 o924
" 3 0.1500 29.00 0.0750 9.40
" 4 0,2480 1,20 00,1240 23.82
Total 0.8943 hr. 177 .20 0.4280 hr. 52,36¢Z

Round-trip speed and fuel cost.

Loaded speed. 17.1 mi. 4 0.8940 = 19.1 mph.
Empty speed. 17.1 mi. 4 0,4280 = 40.0 mph,
Round-trip speed. 2(40) (19.1)
40 « 1.1
= 25,8 mphe.
Fuel per M per mi.
Loaded 177 .20Z
Empty 52 436
220,567 4 17.1 mi, = 13,407 4 9M =
1,489

Summary of Actual Costs for Route I

bad Round- Hauling Fuel Const. Conste. Maint, Maint., Total
ype Trip Cost per M per mi, per M ©per yr. per M Cost
- Speed , per mi, Rt« I per mi, Rt. I per yr.

1 25,8 5.60Z 1.489¢ $11000 0,478Z  $400 0.308Z 7.875Z

Actusl Hauling Cost ver M - Woods to Mill.
17.1 mi, x 7.875¢ = $1.35
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Determination of Actual Hauling Cost for Medium Trucks on

Route II

Type ITI Road

Loaded

Emp ty

Section 1

Loaded speed on the level
has been found to be 20 mph.,
at a power output of 105
horsepower. Fuel consump-
tion for this speed is 9,65
gals. per hr,

1 hr. < 20 mph, = 0,05 hr,
per mi, 0,05 hr, per mi, X
41 mi, = 0,0205 hr., 0.0205
hr., x 9.65 gals. per hr. =
0,198 gel. x 20 per gel. =

Empty speed on the level has
been found to be 40 mph. at

a power output of 65 horse-
power. Fuel consumption for
this speed is 6.28 gals. per
hr,. ’

1 hr. ¢« 40 mph. = 0,025 hr,
ver mi. 0,025 hr. per mi. x
.4_-1 mi. = 000102 hI‘. 000102
hr, x 6.28 gals. per hr, =
0.0640 gal. x 20Z per gal,

3,967 = 1.28¢7
Section 2
Assumes 7 mph,. Calculate horsepower,
MPH = 375 x 148 = 375 H,P,
82000(.015+.08+.0077) %0 = Fe650T015+.025, =408 )
= 55500 40 = 375 H.P.
8435 -672

6.6 H.p, = =26880

= 6.6 375
1 hr. 4 6.6 mph. = 0.152 hr. -
per mi. 0.152 hr. per mi. x DeFe I =71.7
10'7 mio = 0,304 hr, 0,304 )
hr, x 14.8 gals. per hr. = Fuel used at 71.7 hp.:
4,5 gals, x 207 per gal. =
90.,00¢ 59 x 71.7

6.2
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Loaded

Emp ty

= 6.81 gals. per hr.

1 hr. 4 40 mph, = 0.025 hr.
per mi, 0,025 hr. per mi., x
1,7 mi. = 0.0425 hr. 0.0425
hr, x 6.81 gals. per hr, =
O°2§§ gal. x 20Z per gal, =

Section 3

Calculate horsepower.

o0 = 375 H.,P,
82000( 4015+ 4009+ =.Q5 )
= 375 H.P,
R0 =2130
H. P, = =42600
375
HOP. - -113.5
Fuel used at 113.5 hpe.:

«57 x 113.5
6.2

= 10.43 gels., per hr.

1 hr, 4+ 20 mph. = 0,05 hr,
per mi, 0,05 hr. per mi, x
1.6 mi, = 0,08 hr, 0.08 hr
x 10,43 gals. per hr, =
0.835 gal. x 20¢ per gal., =
16,702

Calculate horsepower.,

375 H QP'.

T6000( 0154+ +0234 +05)

275 H,P,
1410

40 =

40 =

56400
375

H‘ QPl ®

H.P. = 150 (148 maximum)

1 hr., ¢« 40 mph. = 0,025 hr,
per mi, 0.025 hr., per mi. x
1.6 mi. = 0,04 hr., (0,04 hr.
x 14.8 gels. per hr. = 0,591
gal., x 20Z per gal, = 11.81¢
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Loaded

Emp ty

Section 4

Calculate horsepower,

375 H.P,

20 =
0 82000(.015+.OO9¢-03)

o0 = 375 H.P.

=142
H.P. = =-2840

375
H oP'o - ‘7 05

Fuel used at 7.5 hp.:

064 X 7.5
6.2

= ,78 gal, per hr.

1 hr. 4+ 20 mph. = 0,05 hr.
per mi, 0.05 hr, per mi., x
1.86 mi, = 0,093 hr., 0,093
hr. x .78 gal. per hr, =
0.072 gal. x 20Z per gal, =
1.407

HQP. :

Czlculate horsepower.

375 H.P.

40
T6000( 40154 +0234 403)

375 H,P.
1088

40

43520

H.P. =
375

116 ‘
Fuel used at 116 hp.:

57 x 116
6.2

= 10,7 gals. per hr.

1 hr, 4 40 mph. = 0.025 hr.
per mi. 0,025 hr, per mi. x
1.86 mi, = 0,0465, 00,0465 hr
x 10.7 gezls. per hr. = 0.498
gal. x 20Z per gal., = 9,96¢

Section 5

Assume: 15 mph.

MPH = 375 x 148

82000( .015+02+0084)

Calculate horsepower.

16000( 4015+ .,023¢ =,02 )
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Loaded

55500
3560

= 15.6

1 hr, 4 15.6 mphe = 0,064 hr
per mi, 0,064 hr., per ni,.

x 3,84 mi, = 0.248 hr,

0.248 hr, x 14.8 gals. per
hr. = 3,64 gals. x 202 per
gal. = 72.80Z

0 375 H.P.
40 = =55
H.P, = 11520
375
HP. = 30.6
Fuel used at 30,6 hp.:
66 x 30,6
6.2

= 2436 gels. per hr,

1 hr. 4+ 40 mph, = 0,025 hr.
per mi, 0,025 hr. per mi. x
3.84 mis = 0,096 hr, 0,096
hr. x 3.36 gals. per hr. =
0.322 gal, x 204 per gal, =
6 447

Section 6

Calculate horsepower

375 H.,P.

20 = 2/
85000 ( 401540094+ -.154)

20 = 375 H.P,
~-10650
H.,p, = =213000
375
H.P, = =568

Assume: 19 mph.

375 x 148
16000( 015+ 4154+ ,0121)

55500
375

= 19.2

1 hr, 4 19.2 mph, =
per mi,.

0.0541 hr.
0.0541 hr. per mi. x
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Loaded Emoty

Fuel consumption at meximum, 5 mi. = 0.0272 hr, 0,0272
hr. x 14.8 gals. per hr, =

1 hr. + 20 mph, = 0,05 hr, 0.403 gal. x 20¢Z per gal., =

per mi. 0.05 hr, per mi, x 8.06¢Z

DS mi. = 0,025 hr, 0.025

hr. x 14.8 gals. per hr, =

0,370 gal. x 20¢ per gal, =

7 .40

Calculation of the Actual Cost of Hauling over Route IT

Loaded ' Empty

Time Fuel Time Fuel
Section 1 0.021 hr. 3,967 0.0102 hr. 1.28¢7

u o 0.304 90 .00 0.0455 5.77

" 3 0.080 16.70 0.0400 11.81

" 4 0,093 1.40 0.0465 9.96

" 5 0.248 72,80 0.,0960 6,44

" 6 0.025 7 .40 0.0272 8.06
Total © 0.771 hr. 192.26¢ 0.2624 hr., 43,327

Round-trip speed and fuel cost.,

Loaded speed. 9.9 mi. 4 0,771 hr. =
Emrpty speed. 9.9 mi. 4 0,2624 hr.= 37.8 mph.

Round-trip speed. 2(27.8)(12.8)

37.8 ¢ 12,8
- 18.8 mph .
Fuel per M per mi.
Losaded 192,267
Empty _43.32
235,58 4 9.9 mi, = 23,87 4 M =

2.647
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Summary of Actuzl Costs for Route II

R—o;,d Round- Hauling Fuel Const. Const. Maint. Maint. Total
ype Trip Cost per M per M per M per yre. per M Cost
Speed ver mi. Rte IT per mi. Rt. II per yr.

11 18.8 7.68Z 2.64¢ $13000 0,565¢  $500 0.385¢ 11.27¢

Actual Hauling Cost per M - Woods to Mill.
9.9 mi, x 11,27 = $1.115
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Selection of the correct route and road type for HEAVY TRUCKS.

Loaded

Type II, Assume: 13 mph.

= 375 x 295

360000( .015+.,0082)

;

110625
8342

13.3 mph,

1 hr, ¢ 13,3 mph. = 0,0752
hr. per mi. 0.0752 hr, per
mi. x 26.68 gels. per hr, =
2.01 gals. per mi. x 20¢&
per gal. = 40,20¢

Empty

Type ITI. Calculate horsepower.

34000( 40154 4016)

40 = 225 HQP.
1085
H,p, = 42400
375
H,P., = 113

Fuel used 2t 113 hp.:

54 x 113
6.8

9.84 gals. per hr.

1l hr. 4 40 mph. = 0.025 hr,
per mi. 0,025 hr, per mi, x
.84 gals. per hr. = 0,246
gals. per mi, x 20Z per gal,
= 4.82¢

Type III. Assume: 9 mph,

375 x 295

360000( +025+ 400798)

MPH

- 110625
1185

Type I1J, Calculate horsepower.

375 H,P,

40
34000‘.025#0016)

10 = 375 H.P,
1392

B
(@]
P
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Tozaded

- 9.4

1l hr. 4« 9.4 mph, = 0,1063
hr. per ml. 0.1063 hr,
per mi. x 26,68 gals., per
hr. = 2.84 gals. per mi., x
20# per gal. = 56.80Z per
mi.

Empty

E.P. = 55680
375

H.P. 2 147

Fuel used at 147 hpe.:

= 54 x 147
6.2

12,92 gels, per hr.

1 hr. 4 40 mph. = 0,025 hr.
per mi. 0,025 hr. ver mi, x
12.92 gals. per hr. = 0,323
gal. per mi. x 20¢ per gal.
= 6.46Z per ni,

Type IV, Assume: 6 mph,

275 x 295

360000( 404+ ,00775)

E

110625
1720

: 6.4
1l hr, « 6.4 mph, = 0,156 hr,

Type IV. Calculate horsepower.

40 = 375 H.P,

34000 ( 404+ +016)

1905

= 76200
375

as}
[
'

per mi, 0,156 hr, per mi. x H.P. = 203

26.68 gals, per hr, = 4,18
gals. per mi. x 207 per gal,
= 83.60¢ per mi.

Fuel used at 203 hpe.:

- .52 x 203
T 6.2

=158~



Loaded Empty
- 17,08 gels. per hr,
1 hr. 40 mph, = 0.025 hr.
per mi. 0.020 hr. per mi, x
17 .05 gals. per hre = 0,426
gal. per mi. x 20¢Z per gal.
= 8,52¢ per mi,
Type V. Assume: 5 mph. Type V. Calculate horsepower.
MPH = 375 x 295 40 = 375 h
360000 ( 05+ «00752) 40001 54.016)
= 110625 40 = 375 H.P.
2075 2225
. H.p. = 88000

1 hr. 4 5,3 mph. = 0,1887 hr
per mi., 0.,1887 hr., per mi.
X 26,68 gals., per hr., = 5,04
gals., per mi, x 20¢ per gal.
= 100,80«

H.P. = 234
Fuel used at 234 hp.:

52 x 234

6.2

19.65 gals. per hr.

1 hr, 4 40 mph, = 0,025 hr.
per mi, 0,025 hr. per mi. x
19.65 gals. ver hr. = 0,492
gal. per mi., x 20 per gel.
= 9.84¢ per mi,
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Round-trip calculations:

Type II
Round-trip speed, 2(40)(13.3)
40 *+* 13.3
= 20 mph.
Fuel per M per mi, 40 ,20¢

4.82
45,027 + 46M = 0.979¢Z

Type III.
Round-trip speed, 2(40)(9.4)
40 * 9.4 A
= 15.2 mph.
Fuel per M per mi, 56,807

6446
63,267 4 46M = 1,375

Type IV,
Round-trip speed, 2(40)(6.4)
40 « 6,4
= 11 mph.
Puel per M per mi, 834602
_8.52
92,15Z 4 46M = 2,001¢
Type Ve
Round-trip speed. 2(40)(5,3)
40 + 5.3
- 9.4 mph,
Fuel per M per mni, 100,80
0,84

110,64 4 46M = 2,402¢

=160~



Summary of Costs for Route I

pad Round- Hauling Fuel  Const. Const. Maint. Maint. Total
Type Trip Cost per M per mi, per M per yr. per M Cost
____ Speed per mi., Rte I per mi., Rt. I per yr,
11 20.0 3.04¢ 0,9797 §13000 0,.,565¢ $500 0.385¢ 4.,969¢
111 15,2 4,002 1,375¢ 7000 0,304Z 600 0.461Z 6,140
v 11.0 5.,52¢ 2.,001¢ 5500 0,.,239¢ 675 0.5197 8,.,278¢
v 9,4 6.47Z 2.402¢ 4250 0.185¢Z 750 0.576Z 90,6332
Surmary of Costs for Route II
Road Round- Heuling Fuel Const. Const. Maint. Mainte. Total
Type Trip Cost per M per mi, per M rer yr. per M Cost
Sneed vper Mi, Rte IT per mi. Rts I PET VT

I 20 .0 3.04Z 0.979¢ $15000 0,.652¢ £600 0.461lZ 5,132
111 15,2 4,00 1.375¢Z 8000 0,348¢ 700 0.539¢ 6,.,2627
v 11.0 5.,562¢ 2,001 6500 0.282¢ 775 0.596¢ « 3907
)i Q.4 6,477 24,4027 4500 0.,195¢ 850 0,654 9,721Z

Based on level performance the cost of transportetion 1000

board feet may now be found for heavy trucks.

Route I 17.1 mi., x 4.,969¢ = $£0,85

Route II ¢ mi., x 5.1327 = 51

Savings on Rt. IT #0434

As pointed out in the light and medium trucks the
above flgures represent only a compar:son, howvever they
enable the operator to select the most economical route
and road surface. For actual hauling costs the following
procedure must be followed:

Detemination of Actuzl Hauling Costs for Heavy Trucks on
Route I

Type IJ Road

Toaded
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Loaded Empty

Section 1
Assume: 9 mph. Calculate horsepower
- 375 HP
= 375_x 295 20 = g _
M = 500001 015+ .01+ .00788) 34000( 015+ 4016+ =01 )
= 110625 = 20 el
11850
: H.P., = 28600
= 9.4 375

1 hr, 9.4: Ii’l:’t-')ho = 001063 hr

per mi. 0.10¢3 hr. per mi., x HePe 2 76

7.85 mi. = 0,836 hre 0,826

hr. x 26.68 gals. per hr, = Fuel used et 76 hp.:
22435 gals. x 207 per gal, =

447 ,00¢
.5,

4 76
6e

% ]

6,61l gals. per hr.

1l hr., 4« 40 mph. = 0,025 hr,
ver mi. 0.0°5 hr, per mi. x
7.85 mi, = 0,196 hr, 0,196
hr, x 6.61 gals, per hr, =
0123 gal. x 207 per gale. =
2467

Section 2

Assume: 6 mph. Calculate horserover,

o

e = 375 _x 29 0 = 375 H.P,

3600002015+ 403+.00775) 40 % 575507515+ .016s =+03 )
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Loaded Emp ty

- 110625 40 = 275 H.P.
~19000 34

- 1360
H .P‘. - cmm——
= 5.8 375

1 hr, 4« 5.8 mph. = 0,1725 hr

per mi, 0,1725 hr. per mi. g.,p, = 3,53
x 1l¢3 mie = 0,224 hr. 0.224

hr. X 26.68 gels. per hr.
6,00 gals. x 20Z per gal.
120,007

Fuel used at 3.63 hp.:

D4 X 3.63
T 642

3418 gals., per hr,

1l hre + 40 mph. = 0,025 hr.
per mi. 0,025 hre. ver mi., x
l.3 mi. = 0,0325 hr. 0,0325
hr. x 318 gals. per hr, =
0,1025 gal. x 20& per gal. =
2,057

Section 3

In the calculations necessary In the calculations necessary
to determine road type it was to determine road type it was

found that a loaded truck found that an empty truck
could maintain a speed of could meintain a speed of 40
13.3 mph. ZFuel consumption mph., on the level with a

at the maximume. power output of 113 horse-

power. Huel consumption was
1l hre 4 13.3 mphe = 0,0752 hr elso determined, and found to
per mi., 0.,0752 hr. per mi, be 9.84 gels. per hr,
X 3mies = 0,2256 hre 042256
hr, x 26,68 gals. per hr, = 1 hr. 4 40 mph. = 0,025 gal.

6.01L gale x 20Z per gal, = per hr. 0.025 gel. per hr. x
120,207 3 mi. = 0,075 hr, 0.075 hr,

X 9.84 gels. per hr., = 0,738
gal., x 207 per gal. = 14.762
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Loaded

Emp ty

Section 4

Calculate horsepower,

20 = 375 H.P,

360000 +0154 0085+ =.0234)

o0 =z 275 H.P,
36
H,p, = 1440
375
H.P. = 3.84
Fuel used at 3.84 hp.:

- 54 x 3.84
5.2

= .531 gal. per hr.

1l hr, 4 20 mph. = 0,05 hr.
per mi, 0.05 hr, per mi. x
4,95 mis = 00,2475 hr, 0,2475
hre X o331 gal, per hr, =
0,082 gal. x 207 per gal. =
1.647

Calculate horsepower.

375 H.P.
34000 ( 0154+ 4016%,0234)

40 = 375 E.P.
1850
H.P., = 74000
- 375
H oP’o : 197 .5
Fuel used a2t 197.5 hpes

«52 X 197.5
6.2

16.57 gel. ner hr,

1 hr. ¢+ 40 mph. = 0,025 hr.
ver mi, 0,025 hr. per mi., X
4,95 mi. = 0,1239 hr. 0.,1239
hre x 16,57 gal. per hr,
2.05 gal. x 207 per gal.
41,002
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Calculation of the Actual Cost of Hauling over Route I,

Loaded Empty
Time Fuel Time Fuel
Section 1 0.,8360 hr. 447 .00 0.1960 hre. 24467
" 2 0.2240 120.00 0.0325 2.05¢
n 3 0.2256 120,20 0.0750 14,76
n 4 0.2475 1,64 0.1239 41 .00
Total 1,5331 hr,. 688 .847 0.,4274 hr. 60,277

Round-trip speed and fuel cost.

Loaded speed. 17.1 mi. 4 1.5331 hr. = 11.1 mph,.
Empty speed. 17,1 mi. ¢4 0.,4274 hr, = 40,0 mph.
Round-trip speed 2(40)(11.1)
40 « 11.1
= 17 .2 mph,

Fuel per M per mi.

"Loaded 688.84¢
Empty 60,27
749,112 4 17.1 mi, = 43,807 4 46M = 0.957

Summary of Actual Costs for Route I

Road Round- Hauling Fuel Const. Const. Maint. Maint. Total
Tyoe Trip Cost per M per mi, per M per yr. per M Cost
-— Speed per mie. Rte I per mi. Rte I PET VT,

I 17.2 3.54¢ 0.,950¢ $13000 0.565¢  $500 0.385¢ 5,440

Actual Hauling Cost per M - Woods to Mill
17.1 mie. x 54447 = $0.93
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Determination of Actual Hauling Costs for Heavy Trucks on
Route II

Type II Road

Loaded Empty
Section 1

Loaded speed on the level has Empty speed on the level has

been found to be 13,3 mphe been found to be 40 mph., at

at maximum horsepower output. a power output of 113 horse=-
power. ZFuel consumption for

1 hr, 4 13.3 mph. = 00,0752 this speed is 9.84 gels. per

hr., per mi. 0.,0752 hr., per hre.

mi. X ¢41 mi. = 00,0308 hr,

0.0308 hr. x 26,68 gals. 1 hr. 4 40 mph, = 0.025 hr.
per hr, = 0,823 gal. x 20¢ per mi, 0.025 hr, per mi. x
per gal. = 16.46¢ ¢4l mi. = 0,0102 hr, 0.0102

hr. x 9.84 gals. per hr, =
0.101 gal. x 202 per gal, =

2.,02¢Z
Section 2
Assumes 3 mph. Calculate horsepower
H = 375 x 295 40 = 375 H.P,
360000 ( <015+ +084+ ,00753) 34000( 015+ 40164 =,08 )
= 110625 40 = 375 H.P,
36900 =1670
=z H.p, = =66800
- 375
1 hr, 4 3 mph, = 0.333 hr.
per mi, 0,333 hr. per mi, x H.P., = -178

lQ'? mi. : 00567 hI‘. 0.56’7

hr. x 26.68 gals, ver hr, =
] s ! d P
15.15 gals. x 207 per gal, = Lol used at 178 hp

303,002
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Toaded

Emp ty

.52 x 178
6e2

= 14.9 gals. per hr.

1 hr., ¢« 40 mph. = 0,025 hr,
per mi, 0.025 hr, per mi. x
1.7 mi. = 0,0425 hr. 0.0425
hr. x 14.9 gals. per hr, =
12.68¢

Section 3

Calculate horsepower.,

00 = 375 H.P.

3"“00"0"01“15+ .00851+ -05)

375 H.P.

20 = =g5o—

191000
-375

HoPc = -510
Engine in full compression
plus braekes.

1l hr, 4 20 mph. = 0,05 hr,
per mio. 0,05 hr. per mi. x
l.6mi. = 0,08 hr. 0.08 hr
x 26,68 gals., ver hr, =
2,138 gals. x 207 per gal. =
42 ,80¢

H,P, =

Calculate horsepower

40 = 375 H.P,

Too_(“o 015+ .Ol6+ «05)

"
(&)}

40

110200
375

as
HJ
"

287
Fuel used at 287 hp.:

D2 X 287
6e2

= 24,00 gals. per hr,

1 hr. 4+ 40 mph. = 0,025 hr,

per mi, 0,025 hr, per mi. x
1.6 mi. = 0,04 hr., 0.04 hr.
x 24,00 gels. per hr., = 0,96
gal. x 20Z per gal, = 192,.20¢
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Toaded

Empty

Section 4

Calculate horsepower,

20

20

H.P,
Fuel

= 375 H.P,

n

375 HJP.,
-2338

=46760
375

= =125
used at 125 hp.:

.54 x 125
6.2

= 10,90 gals. per hr.

1 hr. 4+ 20 mph. = 0,05 hr.

PeET mi.

1.86

mi. = 0,093 hr, 0,09

hr. x 10,90 gals. per hr.
1.025 gal. x 20& per gal.
20 .50#

260000( <015+ 00854+ -cmv)

3

Calculate horsepower,

40 - 375 H.P.

34000( 40154 0164 ,03)

N
(&)}
»
[
o
(@]

H.P.
H.P, = 168
Fuel used at 168 hp.:

6.2

= 14,36 gals. per hr,
1 hr, 4« 40 mph. = 0,025 hr.

0.05 hr, per mi. X oper mi. 0.025 hr, per mi, x

1.86 mi, = 0,0465 hr., 0,0465
hr. » 14,36 gals. per hr.
0,667 gal., x 207 per gal.
13.34¢

Section 5

Assume: 7 mph.

= 375 x 295

360000 ( 4015+ .02+ ,0077)

= 11062

538

»
o

(@]

Calculate horsepower.

40 = 375 H.P,

34000( .01540164 =,02 )

40 = 275 HePo
374

-168=~



Loaded Empty

= 7.2 H.p. = 15960

1 hr. 4 7.2 mph. = 0,139 hr,

per mi, 0,139 hr. per mi. x _

3.84 mi, = 0,534 hr., 0,534 HeP. = 42,5

hr. x 26,68 gals. per hr, = . -

14,25 gols. x 207 per gal. = Fuel used at 42,5 hp.:
285,007

54 x 42.5
6.2

= 3.70 galse. per hr,

1l hr. « 40 mph. = 0,025 hr.
rer mi. 0,025 hr., per mi. x
284 mi. = 0,096 hr, 0.096
hr, x 3.70 gals. per hr., =
0,255 gal., % 20Z per gal. =

7 «10Z
Section 6
Calculate horsepower. Assumes 18 mph.
o0 = 375 H.P, vPH = 375 x 295
3600000 { +0154,0085L+ -154 ) 24000( 0154 ¢1544+,0109)
20 = 375 H.P, = 110625
-47000 6070
= =940000
HePo 3 Zoge— = 18.2

1 hr. 4 18.2 mph. = 0,055 hr.
H.P., = -2500 per mi. 0.055 hr. per mi, x
S mi. = 0,0275 hr. 0.0275
Calculate fuel consumption hr. x 76.68 gals. per hr.
at the maximum. 0.735 gal. x 202 per gal.
14,70¢
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Toaded

1 hr. 4 20 mph. = 0,05 hr.
per mi.
S mi. = 0,026 hr, 0.025

hr. x 26.68 gals. per hr. =
0.,667 gols. x 207 per gal.

13.34¢2

Empty

0.05 hr., per mi, x

Calculation of the Actual C

ost of Hauling over Route II

Toaded Empty
Time Fuel Time Fuel
Section 1 0.0308 hr.  16.46¢  0,0102 hr. 2,027
" 2 0.,5670 303,00 0.,0425 12,68
" 3 0.0800 42 .80 0.0400 19.20
" 4 0,0930 20 .50 0,0465 13,34
" 5 0.5340 285,00 0.0960 7«10
" 6 0.0250 13.34 0.,0270C 14,70
1.3298 hr. 681,10 0.2627 hr. 69 .04
Round trip speed and fuel coste.
Loaded speed, 2.9 mi. 4 1.3298 hr. = 7.5 mph.
Round-trip speed. 2(37.6)(7.5)
37 .6 # 745
= 12.5 mph,
Puel per M per mi.
Loaded 681.10¢
Empty 69,04
750.14 4 9.9 mi. = 75,907 4 46M = 1.65¢
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Summary of Actual Costs for Route IX

Road Round- Hesuling Fuel  Const, Const. Maint. Mad nt. Total
Type Trip Cost per M per mi, per M per yre. per M Cost
_ Speed per mi, Rte IT per mi, Rt. II per vr.

II 12,5 4,87 1.65¢ $15000 0.652¢  $600 0.461Z 7.633¢

Actuel Hauling Cost per M - Woods to Mill.

9.9 mi., x 7.633¢ = $0,755
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Road Type Analysis - Route T

(based on level road performance)

ed Truck Round- Hauling Fuel Const. Const., Maint. Maint. Total
me Type Trip Cost per M per mi., per M per yr. per M Cost

Speed per M per mi. per mi, per yr.
Light 26,7 5.25¢ 1.333Z &10000 0.435¢ & 300 0.2230¢ 7.248¢7
Medium 26.7 5,41 1l.421 11000 0.478 400 0.308 7617
Heavy 20.0 3.04 0.979 13000 0,565 500 0.385 4,969
I Light 26.7 5.25 2.328 4000 0.1747 400 0.308 8.060
Yedium 26.6 5.44 2.054 5000 0.217 500 0.385 8.096
Heavy 15.2 4,00 1.375 7000 0.304 600 0.461 6,140
Light 2243 6 .28 2.998 2500 0.,109¢ 475 0.366 9.753
Medium 20,7 6.99 2.890 3500 0.152 575 0,442 10,474
Heavy 11.0 5.52 2.001 5500 0.239 675 0.519 84278
Light 19.6 7.14 3.572 1200 0.054¢ 550 0.423 11,209
Medium 18,0 8.03 3.490 2250 0,098 650 0,500 12.118
Heavy 9.4 6 .47 2,402 4250 0,185 750 0,576 C.633
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Road Type Analysis - Route II

(based on level road performance)

Route II, Type II Road, Heavy Trucks.
5.132¢ X 9.9 mio

Sevings by use of Route II

4,969¢ x 17.1 mi. = $0,.850

=173~

$0.507
$0.243

¢ Truck Round- Hauling Fuel Const. Const. Maint. Mazint. Total
e Type Trip Cost ver M rer mi., per M rer yr. per M Cost
Speed per M per mi, per mi, DET VT,

Light 26,7 5,257 1.333¢ $12000 0.,521¢ & 400 0.3082 77,4127
Medium 26.7 5.41 1.421 13000 0.565 500 0.385 7.781
Heavy 20.0 3.04 0.97¢ 15000 0.652 600 0.461 5.132

[ Light 26,7 5.25 2328 5000 0.217 500 0.385 8.180
Medium 26.6 5.44 2.054 6000 0.261 600 0.461 8.216
Heavy 15.2 4,00 1.375 8000 0,348 700 0.539 64262
Light 2243 6 .28 2.998 3500 0.152 575 0.442 9.872
Medium 20.7 €.99 2.890 4500 0.195 675 0.519 10.5%4
Heawvy 11.0 5,52 2.001 6500 0.282 775 0.596 8.39¢
Light 19.6 7.1l4 3.572 1500 0,065 650 0.500 11,277
Medium 18,0 8.03 3.490 2500 0.109 750 0.57¢ 12,205
Heavy O.4 647 2402 4500 04195 850 0.654 9,721

Conclusion: Route I, Type II Road, Heavy Trucks.



Actusl Cost Analysis - Route I

Type II Road

Ei Round- Heuling Fuel Const, Const. Maint. Maint, Actual Trip

e Trip Cost per M rer mi, per M ver yr, per M Total Total
peed per M __per mi, per mi, per vr,.

t 26,2 5.34¢7 1.625¢ $10000 0,435¢ & 300 0.230¢ 7.630¢ $1.300

fium 25,8 5,60 1.489 11000 0,478 400 0.308 7.875 %1.350

)y 17.2 3.54 0,950 13000 0,565 500 0.3285 5.440 50,930

Actuel Cost Analysis - Route II
Type IT Road

¢k Round- Hauling Fuel Const. Const. Maint. Maint. Actual Trip
¢ Trip Cost ver M ver mi, per M pPer yr. ver M Total Total

Speed per M per mi. per mi, Per yTr.
t 22,0 6.36¢ 2.75¢ $12000 0.522¢ $ 400 0.3087 9.947 $0.984
ium 18,8 7.68 2.64 13000 0,565 500 0.385 11,27 $l.115
W 12,5 4.87 1,65 15000 0.652 600 0.461 7«63 $O.755

Conclusion: Based on level road verformance Route 171,
Type II Roads and Heavy Trucks were found
most economical,

Theoretical cost was $0.51.

Proof of this choice is made in the sbove
table, but due to grade the cost is
actually $0.76,
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Grade Reductions

Determine the economic possibilities of grade re-
ductiong on Route IT for all types of trucks.

Possible Grade Reduction 1 - Road Sections 1, 2, and 3.

EXISTING GRADE

PROPOSED I
GRADE [ o
| d -
Z ke
I-4IMI1—I 70M, ————1.60 S6M, ——
i Ty Ty YT .

Possible Grade Reduction 2 - Road Sections 5 anc 6.

2%

EXISTING GRADE {ROPOSE D

GRADE
N
3BAMI 0. 50MI— ~
r 2.09MI. — 1.07MI. — 0.95 M|, —

New length if this grade is reduced - 10,35 mi,.
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Light Trucks

Reduction of Road Sections 1, 2 and 3

Loaded Empty

6% Seection

Assume: 9 mph. Calculate horsepower.
MPH = 375 X 8¢ 40 = 375 H,P.
42000( 015+ .06+ ,008) 8000 (.015+.035+ =,06 )
= 33375 40 = 275 H.P.
3650 -80

= 9,2 375

1l hr. 4 9.2 mph. = 0.108 hr,

per mi, 0,108 hr, per mi, x H.P,
l1.64 mi. = 0,177 hr. 0.177

hr. » 2,532 gals. per hr. = Fuel used at 8.5 hp.:
1.69 gals. x 20¢ per gal., =
33,807

-8.5

«D2 X 8,5
6.2

= .81 gsl. per hr.

1l hr, 4 40 mph. = 0.025 hr,
rer mi. 0.025 hr, pver mi, x
l1.64 mi, = C.041 hr. 0.041
hr. x .81 gal. per hr., =
0.,0232 gal. x 20¢ per gal, =
0.66¢ P

0% Section

Loaded speed on the level Empty sveed on the level has
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Loaded

has been found to be 20 mph.
2t 58 horsepower., XFuel con-
sumption at this speed is
4,86 gals. per hr.

1 hr, 4+ 20 mph = 0,05 hr,
per mi, 0,05 hr, per mi., x
1.2 mi. = 0,0615 hr, 0,0615
hr. x 4,86 gals. ver hr, =
0.298 gal. x 207 per gal, =
5.98¢

Enpty

been found to e 40 mph. at
4% horsepower. Fuel consurmp-
tion at this speed is 3.60
gals. per hr.

1 hr, + 40 mph. = 0,025 hr.
per mi. 0,025 hr., per mi. x
1.23 mi, = 0.,0307 hr. 0,0307
hr, x 3,60 gals. ver hr., =
0,111 gal. x 207 per gal, =
2.22¢

Remeinder of 5% Section

Speed downgrade has been

found to be 20 mph. at -58
horsepower., Fuel consump-
tion is 4.87 gals. per hr,

1l hr. 4+ 20 mph, = 0,05 hr.
per mi. 0,00 hr, per mi. x
84 mi, = 0,042 hr, 0.042
hr. x 4.87 gals. per hr, =
0.203 gal. x 20Z per gal =
4,06¢

Speed upgrade has been found
to be 40 mph. a2t 85 horse-
power, Fuel consurrption is
7.95 gals. per hr.

1 hr. 4 40 mphe = 0,025 hr,
per mi. 0,025 hr, per mi. x
84 mi, = 0,021 hr., 0,021
hr. x 7.95 gals. per hr., =
0.167 gal. x 20Z per gal, =
2347

Calculation of New Hauling Costs

Toaded

Emp ty

Time Fuel Time Fuel

6% Section 0.1770 hr. 33,807 0.0410 0,66

0% Section 0.0615 5,98 0.0301 2.22

5% n 0.,0420 4,06 0.0210 3¢34

Section 4 0.,0940 3432 00465 5.32

" 5 0.,2230 492,40 0.0960 4,23

" 6 0.0250 0.89 0.0225 4,28
Total 0.6225 hr. 90 .45¢7 0.2577 hr.20.05¢
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Round-trip speed and fuel cost.

Loaded speed. 9,9 mi., ¢+ 0.6225 hr. = 15.9 mph,.
Empty speed. 2,9 mi. 4 0,2577 hr. = 38.5 mph.
Round-trip speed 2(38.5)(15.9)

28,5 & 15,9

= 22.5 mph.
Fuel per M per mi,
Loaded 90.45¢7

Empty 20 ,05¢
T10.50 4 9.9 mi. = 11,187 4 BM = 2,247

Summary of New Hauling Costs

Road Round- Hauling Fuel Const. Const. Maint. Maint. Total

Type Trip Cost per M per mi, per M per yre. ver M Cost
Speed per mi, Rts, II per mi. Rt. II per yr.
I 22,5  6.22¢7 2.24¢ $12000 0.522¢ § 400 0.3082 9.29¢

New Hauling Cost per M - Woods to Mill

9.9 mi., X 9.29¢ = $0.920
Original Hauling Cost per M 0,952

Reduction saving $0.032

Annual Savings $0.032 x 130,000M = $4160,.,00

Reduction of Road Sections 5 and 6

Loaded Empty

Remainder of 2% Section
Speed up the 2% grade has Speed down the 2% grade has

previously been found to be previously been found to be
17.2 mphe. Fuel consumption 40 mph. at 25.6 horsepower,
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Toaded

at the maxirmum.,

1 hr. ¢ 17.2 mph. = 0,0561
hr, per mi, 0.,0561 hr, per
mi., x 2,9 mi, = 0,163 hr.
0,163 hr. x 9.52 gals. per
hr., = 1,55 gals. x 20¢ per

gal. = 31,00¢

Empty

Fuel consumption is 2.23 gals.
her hr,

1l hr. 4 40 mph. = 0,025 hr.
per mi, 0.025 hr. ver mi,
hr. x 2.23 gals, per hr, =
0.1615 gal., x 20Z per gal, =
3237

0% Section

Loaded speed on the level
has been found to be 20 mph,
at 58 horsepower. TFuel con-
sumption is 4.8¢ gals. ver

hr,

ver mi, 0,05 hr, per mi., x

1.07 mi. = 0,0535 hr,

0.0535 hr. x 4.86 gals. per
hr. = 0,26 gal. x 20¢ per

gal, = 5,207

Empty speed on the level has
been found to be 40 mph at 43
horsepower. Fuel consumption
is 3.60 gels. ver hr,

1 hr. 4 40 mph. = 0,025 hr.
per mi, 0.025 hr. ver mi, x
1.07 mi. = 0,0267 hr. 0.0267
hr, x 3.60 gals. per hr, =
0.0961 gal, x 20¢ per gal, =
1,937

Calculate horsepower,

20 - §15 HoPo
44000( 0015" 000974'

00 = 375 H.P.
0% “Igi—

H.p, = =31000
275

6% Section

-.06)

Assume: 39 mph.

375 x 8¢9

8000 (.015+ 40324 .06)

MPH

33375
865

3847
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TLoaded Empty

H.P. = =82,7 1 hr. 4 38.7 mph, = 0,0258 hr.
per mi. 0.,0258 hr. ver mi. x
Fuel used at 82.7 hp.: O mi. = 0,0246 hr. 00,0246

hr. x 9.52 gals. per hr,
- 0¢234 gal. x 207 per gal. =
.556X28£.7 4.68¢'

= 7.32 gals. per hr,

1 hr. 4« 20 mph. = 0,05 hr.
ver mi. 0.05 hr. per mi. x
95 mi. = 0,0475 hr, 0.,0475
hr. X 7.32 galse. per hr, =
0,348 gal. x 20Z per gal. =
6.96Z2

Hauling Costs if Both Grades are Reduced,

TLoaded Emp ty

Time Fuel Time Fuel
6% Section 0.1770 hr. 33 480¢ 0.0410 hr. 0.66Z
0% " 0.0615 5.98 0.0307 2,22
5% " 0,0420 4,06 0.0210 3.34
Section 4 0.,0940 3432 0.0465 5432
2% Section 0.1630 - 31.00 0.0725 2.23
0% Section 0.0535 5420 0.0267 1.93
6% " 0.0475 _6.96 0.0246 4.68
Total 0.6385 hr., 90 .32¢ 0.2630 hr., 21,38¢

Round=-trip speed and fuel cost.

Loaded speed. 10,35 mi. 4 0.6385 hre. = 16,2 mph,
Empty speed. 10,35 mi., 4 0,2630 hr. = 39,3 mph,
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Round-trip sveed 2(39,3)(16.2)
39,2 ¢+ 16,2

= 23 mph.
Fuel per M per mi.
Loaded 90327

Empty 21.3
171.70Z 4 10.35 mi. = 10.78¢ 4 51 = 2.16¢

Summary of Hauling Costs - Both Grades Reduced.

Rad Round- Hauling Fuel  Const. Const. Maint. Maint. Totel

ype Trip Cost ver M per mi. per M per yr. per M Cost
Speed per mi, Rt, IT vper mi. Rt. II per vr.
1T 23 .0 6.08¢7 2.16Z $12000 0.522¢ & 400 0.3082 9,077

Hauling Cost if Both Grades Reduced - Wocds to Mill
10.35 mi. x 9.07Z = #0,94

Hauling Cost if Grade in Sections 1, 2 and 3 is reduced $0.92.

Since the hauling cost per trip is increased (due to addi-
tional length of fill) the second grade should not be reduced,

Amount that can be spent to reduce the grade in Sections 1,
2 and 3, if interest is at 6% and the investment is to be
returned at the end of the operation.

Original cost ver trip $0.952
Reduced " " " «920
Saving per M per trip $0.032
Annual cut 130,000

Saving per M $ 0,032

Annual saving $4160,00
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Co

= $4160,00(1.06 20.1)
0,06 % 1.0620

4160,00 (2.207)
0.06 x 3,207

$4160.00 (11.47

$47,700.00 to reduce the grade in
Sections 1, 2 and 3,
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Medium Trucks

Reduction of Road Sections 1, 2 and 3

Loaded . Empty
6% Section

Assume: 8 mph. Cealculzte horsepower.
MPH = 375 x 148 40 = 375 H.P,
82000(.0164+ ,06+,0078) T6000( <0154 0234 =406 )
= 55500 40 = 375 H.P,
6785 -352
_ . H.P, = ~14080
- 8./.. 575

1 hr. 4+ 8.2 mph, = 0,122 hr,

per mi, 0,122 hr. per mi, H.P.
%X 1l.64 mis. = 0,200 hr,

0,200 hr. x 14.8 gals. PET  myel used at 37.5 hp.:
hr., = 2,955 gals. x 20¢ per

gal. = 59,10¢

=375

(@}
~2
.

(&3}

64 x
6.2

S 3.88 gals. ver hr,

1l hr., 4 40 mph., = 0.025 hr.
per mi, 0,025 hr, per mi., x
1.64 mi. = 0,041 hr., 0.041
hr. x 3.88 gals. per hr, =
0.159 gal. x 20¢ per gal, =
2.08¢7

0% Section

Lozded speed on the level Empty speed on the level has
has been found to be 20 mph. been found to be 40 mph. szt
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TLoaded

at 105 horsepower, TFuel
consumption at this sveed is
9.6b gals. per hr.

1 hr. 4 20 mph. = 0,05 hr,
per mi. 0.05 hr, per mi. x
1,23 mi., = 0,0615 hr,
0.0615 hr, x 9.65 gals, per
hr. = 0,593 gal. x 20Z per
gal, = 11.86¢

Empty

65 horsepower. Fuel consump-
tion at this speed is €.28
gals., per hr.

4 40 mph, = 0.025 hr.
per mi, 0,025 hr. per mi. x
1,23 mi, = 0.0307 hr. 0.0307
hr. x 6.28 gals. per hr, =
0.1926 gal. ¥ 20Z per gal., =
Z.86Z

1 hr,.

Remainder of

Speed downgrade has been
found to be 20 nph. at -113.5
horsepower, Fuel consump-
tion is 10.43 gals, per hr.

1 hr, 4+ 20 mph, = 0,05 hr,
per mi. 0,05 hr, per mi, x
.84 mi, = 0.042 hr. 0,042

hr, x 10,43 gals. per hr.
0.439 gal. x 20Z per gal.
8.78¢7

5% Section

Speed topgrade hes been found
to be 40 mph. at maximum
horsepower. Fuel consumption
is 14.8 gals. per hr.

1l hr. ¢+ 40 mph. = 0.025 hr.
per mi. 0,025 hr, per mi., X
84 mi. = 0,021 hr. 0.021
hr, x 14.8 gals. per hr. =
0,311 gal. x 202 per gal., =
€ .22¢

Calculation of New Hauling Costs,.

Loaded Emp ty

Time Fuel Time Fuel

6% Section 0.2000 hr. 590.10& 0.0410 3608
0% Section 0,0615 11.86 0.,030% 3.86
5% " 0.0420 8.78 0.0210 6422
Section 4 0.0930 6«32 0.,0465 9,96
n 5 0.2480 7230 0.0960 6 .64

" 6 0.,0250 1,.84 0.0272 8.06
Total 0.6695 hr. 161 .20 0.2624 hr 37 .647
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Round-trip speed and fuel cost.

Loaded speed. 9.9 mi, 4 0.,6695 hr, = 14,8 mph,
Empty speed. 9.9 mi, 4 0.,2624 hr, = 37.8 mph,
Round-trip speed. 2(37.8)14.8)
37.8 # L4.S
= 21.2 mph.

Tuel per M per mi,

Loaded 161 .20¢
Empty 37 .64

198.84¢ 4 9.9 mi., = 20.15¢ 4 9 = 2.23¢7

Surmary of New Hauling Costs

Road Round- Heauling Fuel Const., Const. Maint. Maint. Total
Type Trip Cost ver M vper mi, per M per yr. per M Cost
Speed per mi, Rt, IT per mi, Rt. II per yr.

11 21.2  6.82¢ 2.23¢ $12000 0.565¢ & 500  0,385¢ 10.00¢

New Heuling Cost per M - Woods to Mill

9,9 mi. x 10.00Z =  $0,99
Original Hanling Cost per M = $1.12

Reduction saving $0.,13

Annual Savings $0.13 x 130,000M = $16,900

Reduction of Road Sections 5 and 6

Loaded Empty
Remainder of 24 Section

Speed up the 2% grade has Speed down the 2% grade has
previously been found to be previously been found to be
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Loaded

15.6 mph. Fuel consumption
at the maximum.

1 hr. ¢ 15.6 mph., = 0.0641
hr. per mi., 0.0641 hr. per
mi. x 2.9 mi. = 0,186 hr,
0,186 hr. x 14.8 gal. per
hr, = 2.755 gal. x 20 per
gal. = 55,15¢

Emp ty

40 mphe at 30.6 horsepower.
Fuel consumption is 3.26 galse.
per hr.

1 hr. 4 40 mph. = 0.025 hr.
per mi. 0,025 hr. per mi, X
2.9 mi., = 0,0725 hr., 0.0725
hr. x 3.36 gal., ver hr, =
0.244 gal. x 20Z per gal. =
4,887

0% Section

Loaded speed on the level
has been found to be 20 mph,
at 105 horsepower., Fuel
consumption is ©.65 gals.
per hr,

1 hr. 4« 20 mph. = 0,05 hr,
per mi, 0,05 hr, per mi. X
1.07 mi. = 0,0535 hr,
0.,0535 hr, x 9.65 gals. per
hr. = 0,516 gal. x 207 per
gal. = 10,327

Empty speed on the level has
been found to be 40 mph., at
65 horsepower, Fuel consump-
tion is €.28 gals. per hr,

1 hr. ¢« 40 mph. = 0,025 hr,
per mi. 0.025 hr. per mi. X
1.07 mi. = 0.,0267 hr. 0.0267

hre. X 6.28 gels. per hr., =
0.,1675 gals. x 20Z per gel., =
2.35¢Z

6% Section

Calculate horsepower

20 - 375 HOP'Q
85000 ( 0154+ 009+ =06 )

375 H.P.
-2235

20

fas
Hd
[ ]

"

=44700
375

Assumes: 37 mph,

375 x 148

MPH
16000( .015+ .06+ .0204)

= 55500
1525
= 36.4
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Loaded Empty

H.P. = =119 1 hr. 4 36.4 mph. = 0,0275

hr. per mi. 0.0275 hr, per ni,
Fuel used at 119 hp.: X 95 mi., = 0.0262 hr.

0,0262 hr, x 14,8 gals., per
hre = 0.,3865 gal. x 20Z per
57 x 119 gal. = 7.642
6.2

= 10.95 gals. per hr.

1 hr. 4 20 mph. = 0,05 hr.
per mi, 0.05 hr. per mi. x
25 mi. = 0,0475 hr, 0,0475
hr. x 10,95 gals. per hr, =
0,521 gal. x 202 per gal. =
10.427

Hauling Costs if Both Grades are Reduced,

T.oaded Empty

Time Fuel Time Fuel
6% Section 0.2000 hr. 52 ,10Z 0,0410 hr. 2,087
0% J 0.0615 11.86 0.0307 3,86
5% " 0.0420 8.78 0.02190 6422
Section 4 0,930 6.82 0.0465 2.96
2% Section 0.1860 55,15 0.0725 4,88
0% n 0.,0535 10,32 0.026%7 2eB
6% " 0.,0475 10,42 0.,0262 7 .64
Toteal 0.6835 hr., 162.45¢ 0.2646 hr,. 28,997

Round-trip speed and fuel cost,

Loaded speede. 10435 mi 4 0.,6835 hr. = 15,2 mph,
Empty speed. 10.35 mi 4 0.,2646 hr. = 39,1 nph.

Round-trip speed 2(39,1)(15.2)
59 01 * 15.2
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= 21,9 mph.

Fuel per M per mi,
Loaded 162.45
Empty _38.9¢
201,44,

Summary of Costs = Both Grades Reduced.

Road Round-~ Hauling Fuel Const. Const. Mzint. Mzint, Total

ype Trip Cost per M per mi, per M Der yr. per M Cost
Speed per mi, Rt. II per mi, Rte IT per vr.
II 21.9 6 .60Z 2.16Z 813000 0.565 $ 500 0,385 9.71Z

Hauling Cost if Both Grades are Reduced - Woods to Mill,

10,35 mi. x 9.71Z = $1,00
Hauling Cost if Grade in Sections 1, 2 and 3 is Reduced., $0.,99
Since the hauling cost per trip is increased (due to the

increased length of the route) the second grade should not
be reduced,

Amount that can be spent to reduce the grade in Sections 1,
2 and 3, if interest is at 6% and the investment is to be
returned at the end of the oneration.

Original cost per trip 1,12
Reduced " " " «29
Saving per M u " 30,13
Annual cut 130 ,000M
Saving per M $0413

Annual saving $16,900,00
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Co

$16,900.00 (1.0620-1)

0.06 x 1,06 20

$16,900,00 (2.207)

0.06 x 3,207

$16,900,00 (11.47)

$193,700,00 to reduce the grade in
Sections 1, 2 and 3
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Heavy Trucks

Reduction of Sections 1, 2 2nd 3

Loaded
67

Assume: 4 mph.

Py = 375 x 295

360000( «015+ ,064 ,0076

o

11062

29750

= 3.7

Section

Empty

Czlculate horsepower

1l hr. 4 3.7 mph. = 0,270 hr.

ver mi, 0,270 hre. per mi.
l.64 mi. = 0,443 hr, 0,443
hr, x 26.68 gals. per hr. =
11.82 gels. x 204 per gal,
236 ,4A0¢

40

)
40
E .Pf.
x H.P.
Fuel

375 H.,P,

32000 ( s0154 0164 =.06 )

375 H,P,
-1658

-66320
375

=177

used at 177 hp.:

53 x 177
6.2

15.11 gals. per hr.

1 hrre 4 40 mph. = 0.025 hr,

ver mi,

0.025 hr. per ni., x

le64 mie = 0,041 hr, ©.041
hr, x 15.11 gels. per hr., =
C.62 galse.e x 20¢ per gal. =

12,407




Loaded Empty

0% Section

Toaded speed on the level Empty speed on the level hes
has been found to be 13.3 been found to he 40 mph. at
moh. at maximum horsepower. 113 horsepower, Fugl consump-
Tuel consumption at maxi- tion at this sreed is ©.84
mum output is 2€.68 gels, gels, per hr,
per hr.
B 1 hr, 4 40 mwh, = 0,025 hr,
1 hr., 4 13.3 mph., = 0,0752 per mi, O.gzgigg.hper gi6~§é
hr. per mi., 0,0752 hr. per 1,22 mi, = T. .03

; ; 1.92 mi. = 0.0826 hr, x .84 gels. per hr, =_
Mie X ol lhhe . 0.202 gel, x 20¢ ver gal. =

per hr. = 2,475 gals. x
20Z ver gel. = 49,507

S —

Remzinder of 5% Section

Speed downgrade has been Speed ungrece hes been found
found toc te 20 mph. at =510 to e 40 mph. =t 287 horse-
horsepower., Fuel consump- power, Fuel consumption at

tion at maximum, 26.68 gals. 24,00 gals., ver h}.
per hr.

1l hr, ¢ 40 moh. = 0,025 hr.
1l hr. 4 20 mph, = 0,05 hr, per mi. 0,025 hr. per mi. X
per mi, 0,05 hr, per mi. x .84 mi. = 0,021 hr. 0,021
84 mi, = 0,042 hr, 0,042 hr. x 24,00 &blg. ner Nr. =
hr, x 26,68 gals. per hr. = 0,505 gals, x 207 per gel, =
1.122 gelse x 207 per gal. = 10.107 ’ -

22,447

Calculation of Wew Hsasuling Costs.

Loaded Hmpty
Time Tuel Time Fuel
6% Seot1on 0.,4430 hr. 236,407 0.0410 hr. 12,40¢
0% 0.0926 49,50 0.0308 6 4 40
5% " 0.0420 22,44 0.0210 10,10
Section 4 0.0930 20 .50 0.0465 13,34
" 5 0.5340 285,00 0.0960 7410
" 6 0.0250 13,24 0.0270 14.70
Total 1.2296 hr. 627 .18¢ 0.2623 hr, C4,047
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Round-trip speed and fuel cost.

Loaded sveed.

9.9 mi. 4 1.2296 hr. = 8.1 mph,
Empty speed. 9,9 mi. 4 0.2623 hr. =37.6 mph.
Round-trip speed. 2(37.6)(8.1)
37 .6 « 8.1
= 13,3 mohe.

Fuel per M ver mi,

Toaded 627 .,182"
Emoty 64,04
691 .00 4 9.9 mis = 69.857 4 461 = 1.52¢

Summery of Mew Heuling Costs

Road Round- Heuling Fuel Const. Const. MHeint. Meint. Total

Type Trip Cost per M per ni. per I per yr. ver M Cost
Speed per mi. Rte IT ver mi, Rt. IT per mi,
11 13,3 4,587 1.52¢ $15000 0.652¢ $ 600 0.481¢ 742137

New Heuling Cost per M - Woods to Mill

2.9 mi. x 7.213Z = 80.72
Original Heuling Cost per M = 80476
Reduction saving $0.04

Annual Savings $0.04 x 130,000 = $5200.

Reduction of Road Sections 5 and 6.

Loaded Eroty
Remeinder of 2% Section

Speed up the 2% grade has Speed down the grade has
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Toaded

previously been found to be

7.2 mph., Fuel consumption
at the maxirmum.

1 hr., ¢+ 7.2 mph, = 0,132 hr.
per mi, 0,139 hr. per mi, x
2e9 mie = 0,403 hr, 0,403
hr., x 26,68 gals. per hr., =
10.75 gals., x 20Z per gal, =
215,00¢

Emp ty

nreviously been found to be
40 mph., at 42.5 horsepower.
Fuel consumption is 3.70
gals., ver hr.

1 hr, ¢ 40 mph, 0,025 hr.
per mi., 0,025 hr. per mi. x
2.9 mi., = 0,0725 hr. 0,0725
hr. x 3.70 gals. ver hr, =
0.268 gal. x 207 per gal, =
5,36Z

0% Section

Loaded speed on the level
has been found to be 13,3
mph. at maximum horsepower,
Fuel consumption also st
the maximum.

1 hr, 4 13.3 mph. = 0,0752
hr. per mi., 0.0752 hr. per
mi. x 1,07 mi. = 00,0805 hr
0.0805 hr, x 26.68 gals.
per hr., = 2,15 gals. x 202
per gal. = 43,00¢

Empty speed on the level has
been found to be 40 mph at
113 horsepower. Fuel con-
sumption is 9.84 gals. ver
hr.

1l hr., ¢« 40 mph, = 0,025 hr.
per mi, 0,025 hr, ver mi. x
1.07 mi. 0.0268 hr. 0.,0268
hr. x 9.84 gals. per hr, =

0,252 gals. x 207 per gal., =

5.04Z

6% Section

Calculate horsepower.

20 = 375 H.P.

360000( .0 154.00851+ -.06

o0 = 375 H.P.
-13150

= 263000
375

H.p,

)MPH

Assumes 36 mph.

375 x 295

110625
3060

36.2
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Loaded Empty

H.F., = =700 1 hr. 4 36.2 mph. = 0,0276 hr.
per mi. 0.0276 hr. per mi. X

Calculate fuel at the maxi- ,O5 mi. = 0,0262 hr., 0.0262

T . hr. x 26.68 gals. per hr, =
0,70 gal. x 202 per gal, =

1 hr. 4+ 20 mph., = 0,05 hr, 14.00¢

per mi. 0,05 hr. per mi. x

295 mi. = 00,0475 hr. 0.0475

hr. x 26,68 gals. per hr, =

1.27 gels. x 202 per gal. =

25 4,402

Hauling Costs if Both Grades are Reduced

Loaded Empty

Time Fuel Time Tuel
6% Section 0.4430 hr. 236,407 0.0410 nhr. 12,407
0% LI 0.0926 49,50 0.0308 6 .40
5% u 0.0420 22,44 0.0210 10.10
Section 4 0.0930 22,50 0.0465 13.34
2% Section 0.4030 215,00 0.0725 5436
0% " 0.0805 43,00 0.0268 5.04
6% " 0.0475 25,40 0.0262 14,00
Total 1.2016 hr. 612,247 0.2648 hr. 56 647

Round-trip speed and fuel cost.

Loaded speed, 10,35 mi. 4 1.2016 hr. = 8,6 mph.
Empty speed. 10.35 mi. 4 0.,2648 hr, =33.1 mph,
Round-trip speed. 2(38.1) (8.6)
38,1 + 8.6
= 14,4 mph
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Fuel per M per mi.

T.oaded 612.242
Empty 56,64

668,837 4 10.35 mi., = 64,6 4 46M =
1.406Z

Summary of Hauling Costs - Both Grades Reduced.

Road Round- Hauling Fuel Const. Const. Maint. Maint., Total

Type Trip Cost ver M per mi, per M PETr yr. per M Cost
_Speed per mi, Rt. IT per mi. Rt. II Dper yr.
II 14,4 4,23 1.406 $15000 0.652 & 600 0.461 67497

Hauling Cost if Both grades are Reduced - Woods to Mill
10,35 mi., x 6.749Z = 40,70

Hauling Cost if Grade in Section 1, 2 and 3 is reduced =
$0.72

Since there is a saving both grades should be reduced,

Amount that can be spent to reduce the grade in Sections 1,
2 and 3, if interest is at 6% and the investment is to be
returned at the end of the operation.

Original cost per trip $0,.,76
Cost if Grade 1 is reduced «72
Saving per M per trip $0.,04
Annual cut 130,000M

Savings per M $0.04
Anmual savings$5200,.00

Co = $5200,00 (1.0620-1)
0,06 x 1,06 <0
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$5200.00 (2.207)
0.06 x 3,207

$5200.,00 (11.47)

$59,500 to reduce the grade in
Sections 1, 2 and 3,

Amount that can be spent to reduce the grade in Sections
5 and 6, if interest is at 6% and the investment is to be
returned at the end of the operation.

Cost if Grade 1 is reduced 80472
Cost if both grades are reduced «70
Savings per M per trip $0.02
Annual cut 130,000M

Savings per M $0.02

Anmual savings $2600,00

Co = $2600,00 (1.0620-1)
0.06 x 1.,06<0

$2600,00 (2.207)
0.06 X 3,207

$2600.00 (11,47)

$29,800 to reduce the grade in
Sections 5 and 6,

n
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Appendix A



-~
L

dual cal-

[N

In order to eliminate the necessity of indiv
culations, tables are given from which unit resistance can
be obtained for any vehicle at any speed and any loads; they
were developed by the Public Roads Administration by method
previously described (see Section I); Figures 11 and 12
are given to show the varistion in unit resistances for all
types of trucks with a 16,000 pound gross vehicle weight.
It cen be seen that the variation is not excessive,

Test weights as originally given went only to 4Z,000
pounds with speed of 40 miles per hour. Since the gross
weights logging trucks will exceed 42,000 pounds in many
cases, formulae were develoned for heavy tractor-trucks by
which resistance cen be determined for any combination
wveight and speed. The development of the formulae is as
follows:

The total resistance offered to a vehicle has been
shown to be vroportional to its weight. In other words
when total resistance is plotted over vehicle weight the
resuiting graph is a straight line (as shown in Figure 7).

The slope of this line can be found by the following formulas
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When the slope of the line is determined actusl weights

and resistances were substituted and the Formuls determined.

Exemples
At 6 mph the total resistance for 12,000 pounds is ©0

pounds and for 42,000 pounds, 323.4 pounds.

52344 1bse = 90 1lbs.
42,000 1bs. - 12,000 1lbs.

Slope

= 233.4 1lbs.
30,000 1Dbse.

0.00778

Substituting the 12,000 pound values,

0.00778 = IR = 90 1bs.
GVW - 12,000 1bs.

0.00778 (GVW - 12,000 1bs) = TR - ©0 1bs.,
0.00778 GVW - 93,36 1bs = TR - 90 1bs.
TR = 0.00778 GV - 3.36 1bs.

The following table shows the formulese for eny ro=d speed
from 6 to 40 miles per hour. At the right is showm the
total and unit resistances for the 360,000 pound vehicle

Used is the sarwle problem,
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T=ble 7.

6 moh

—
1O W
—
-

ENe

5
O O
I
+
b

2 TR
22 TR
o4 TR
26 TR
28 TR
3 TR
34 TR
36 TR
23 TR
40 ™R

where

f'ote - The glove
in secuence, howvever, this cannot be ernleined.
wes taken to chenge this figure when cslculating the un

Tormulee

0.00778
0.,00782
0.00796
C.CC806
CL.003813
0,00826
0.00822
0.00828
C.00554
0,0084

C.00864

for

GVY

GV

T
G
GV

GV

]
c.le

snce TorTi
~trezileare.
- Z 7

- o
+ ZR24
+ 10,08 *®
+* lv.4u H
L 27.2; i
+ ZH,.,28
+ 45,36 ®
« BB .44 0
+ 5,02 ¢
+ 54,00 ©
« CC,72 ¢
«117 .60 ®

SCINSTC I

-2

to
o

=
O ¢+
R

[«

24 miles ner hour sneed does not foll

e

resict
velhicl
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2878 40 M 7.98
2¢20,28 # 8,13 ¥
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2040 ,056 ¥ 8.45 B
062,24 ¢ 84bH1
Elsgogw R 8.70 i
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1 2t in pounds.

resistance for the 260,000 pound truck.
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For an explanation of the teble showing conversion fecetors

See pages 48 and 49,
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Unit Tractive Resistance, in Pounds ver 1000
Pounds, for Weights of -

Speed
MPH Thousandes of Pounds
8 9 10 11 12 12 14 15 16
1bse. 1lbs. 1lbs. 1lbs. 1bs. 1bs. 1lbs. 1lhs. 1lbs.
4 B8ed 8.2 8.4 8.4 8,50 8.5 8.5 8.5 8.6
3 8.8 8.8 8,8 8.8 8,8 8.8 8.9 8.9 8.9
8 0.3 9,3 09,3 9.2 S.,3 9.3 9.2 ¢g.2 9.2
10 10.0 9.2 9.8 Q.8 C.,7 9.7 2.7 9.6 GC.6
12 10.7 10.6 10,5 1044 10,3 10.2 10.1 1C.0 10,0
14 11.6 11.2 11,2 11,0 10,8 10.7 1C.6 10,5 10.4
16 2.0 12,2 11.2 11.7 11,5 11.3 11l.1 11,0 10.¢
18 13,6 12,1 12,7 12.4 12.2 11.¢ 11.7 11,5 1l1l.4
1

20 14,7 14,1 13.6 13.2 12,9 12.6 12.2 12.1 11.9
22 1.9 1H.2 14,6 14,1 13,7 12,2 13,0 12,7 12.5
24 17.2 16,3 15,6 15,0 14,5 14,1 13,7 13.4 13,

26 18.5 17.5 16,7 16,0 15,4 14,9 14,5 14,1 1Z.

28 19.9 18.8 17.8 17.1 16,4 15,9 15.4 14,9 14,6
30 21,4 20,1 19.0 18.2 17,4 16.8 1643 15,8 15.4
22 22,9 21.4 20,3 1943 18,5 17.8 17.2 16,7 16,2
34 24,5 22,2 21.6 20,6 1¢,7 13.9 18,2 17.6 17,1
36 26,1 24,4 23,0 21,9 20.2 20,1 1.3 18.6 18.1
38 27.9 26.1 24,9 23.3 22,3 21.4 20,5 19.8 1C.2
40 29,9 27.9 26,3 25,0 23.2 22.8 21.9 21.1 20.4

Teble 8, Aversge Unit Tractive Resistence for Light Trucks.
(six Makes.)
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Unit Tractive Resistance, in Pounds per 1000
Pounds, for Weights of -

Thousands of FPounds

11 12 13 14 15 16 17 18 1¢ 20 21 Re 23
1bs. 1bs. 1bse 1lbs. 1lbs. 1lbs, 1bs, lbs,., lbs, 1lbs. 1bs. 1lbs. 1lbs.
8.7 8.7 8.6 8.6 8.6 8,5 8.5 8.7 8.2 9.1 ©.3 9.4 9.5
9.4 92,3 9.2 9.1 9, 9.0 9.0 S,1 9.3 9.4 9.5 9.7 9.7
10.0 9.9 9.8 9.7 9.6 9.6 9,56 9.6 9.7 2.8 9.9 9.9 10.0
10.9 10.9 10.5 10,2 10.2 10,1 10,0 1C.1 10.1 10,1 10,2 10.2 10.2
11.6 11.4 11.2 11.0 10.8 10,7 10,6 10,5 10,6 10.6 10.6 10.6 10.6
2.6 12,4 11.9 11.7 11.5 11.3 11,1 11,1 11.2 11,1 11.1 11.1 11.0
13,5 13.1 12,8 12.5 12.2 12.0 11.8 11,7 11.6 11.6 11.6 11.6 11l.5
14,6 14.1 13.7 11,3 12,9 12,7 12.4 12.4 12,3 12.2 12.2 12.1 12,1
15,7 15,1 14.6 14.1 13.8 13,4 13,1 13.C 13,0 12.9 12.8 12.8 12.7

16,9 16,2 15.6 15,1 14,6 14,2 13,9 13,8 13,7 13.6 13,5 1Z.4 13,4
18,1 17.3 16,6 16,0 15.5 15,1 14,7 14,5 14,4 14,3 14,2 14,1 14,1
19,4 18,5 17.7 17.0 16,5 15,9 15,5 15,4 15.2 15,1 15.0 14.2 14.8
20,8 19.8 18.9 18,2 17.5 16,9 16.5 16.3 16,1 1€.0 15.92 15.8 15.6
225 21,4 20.4 1¢.4 18.8 18,1 17.5 17.3 17.2 17.0 16.9 16.7 16.6
24,1 22,9 21.8 20.9 20.1 19,4 18.7 18.5 18.3 18.1 17.9 17.7 17.6
26,1 24,7 23,5 22,5 21.7 20,9 20,2 19,9 19.6 19.3 19.1 18.8 18.6
28,5 26.9 25,6 24,56 23,5 22,6 21,9 21,5 21.1 20.8 20,5 20,2 20.0
51,6 29.9 28.4 27.2 26.1 25,1 24,3 23.7 23.2 22.7 22.3 21,9 21.6

Table 9., Average Unit Tractive Resistance for Medium Trucks.
(Three Mokes.)
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Unit Tractive Resistance, in Pounds per 1000
Pounds, for Weights of =

Speed
MPH Thousands of Pounds

8 10 12 14 16 18 20 22 24
1bs. 1bs. 1bs. 1bs. 1lbs. 1lbs. 1lbs. lbs. 1lbs,.
4 B8¢h 8,5 8.5 8.6 8.6 8.6 8.6 8.6 8.6
6 2,0 2.0 €.0 92,0 8.2 8.9 8.9 8.2 8,9
8 0.8 9.6 92,5 2.4 9.3 9.3 2.2 2.2 9.2
10 10.6 10.3 10,0 92,9 9.8 9.7 2.6 9.5 ©@.,b

12 11.5 11,0 10.6 10,4 10.2 17,1 10.0 9.8 9.
14 12.4 11.7 11.3 11.0 1¢,7 10.5 10.4 10.2 10,1
16 13,5 12.6 12,0 11.6 11.2 11.0 10.8 10.6 10.5
18 14.8 13.6 12.8 12.2 11.8 11.5 11.2 11.0 10.8
20 16,0 14.6 13,6 12,9 12.4 12,0 11.7 11.4 11.2
22 17.4 15,7 14.5 13,7 13.1 12.6 12,2 11.¢ 11.6
24 18.8 16.8 15,4 14,5 13,8 12.2 12.8 19,4 12,1
26 20,3 18,0 16,5 15,3 14,5 13.,° 13.4 12.%2 12.6
28 21.9 19.2 17.5 16.3 1544 14,6 14,0 13.6 12.2
30 23.6 20.6 18,7 17.2 16.3 15,5 14.8 14,2 13,9
32 25,3 22,1 19,9 12.4 17.3 16.4 15,7 15,1 14,6
B4 27,2 23,7 21.3 1€.6 18.4 17.4 15,6 16,0 15.4
36 29,5 25.5 22,2 21.0 1.6 12,5 17.6 16.¢ 16,3
38 22,0 27,7 24,8 22.7 21.2 20,0 12,0 13,2 17.5

Table 10, Averasge Unit Trective Resistance for all Single
Unit Trucks.
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Unit Tractive Resistance, in Founds »ner 1000
Pounds, for Weights of =~

Speed
MPH Thousancs of Pounds

1z 14 1€ 18 20 22 24 26 28 30

lbs, 1lbs. lbs. 1bs., 1lbs. 1lhs, 1bs. lks. 1lbes. 1lhe.
4 Tl 73 T3 7.4 7.5 7.6 7.6 7.7 7.8 7.8
6 Te6 77 7.7 7.7 7.7 7.8 . 7.2 7.2 8,0 8,0
8 8.2 8.2 8.1 8.1 8.1 8.2 8.2 8.3 8.3 8.3
10 8.8 8.7 8.6 8.6 8.5 3.6 8.6 3.6 8.6 8,7
12 9.4 9,3 ¢.,1 2.0 ¢.0 ¢.0 9,0 ¢.0 9.0 9,0
14 10,1 ©.8 9.7 9.5 C.4 S,4 9.2 9,3 ¢.,3 0.,%
16 10,8 10,5 1C¢.2 10.0 ¢, 7,8 ¢,7 ¢€.7 9.7 ¢.6
8 11.5 11,1 10,8 10,5 10.3 10,2 10,1 10,1 1C.,0 10.0
2 12,% 11,8 11,4 11,1 10.¢ 16,7 10,6 10,5 1C.4 10,2
22 13,2 12.6 12,1 11.7 11.4 11,2 11.1 11.0 10.© 10.8
24 14,2 13,4 12,8 12,4 12,0 11.8 11.6 11,5 11.2 11.2
26 15,2 14,2 13,6 13,1 12,7 1¢.,4 12,2 12,0 11.8 11.%
28 16,3 15,2 14,5 13,2 17,4 12,0 19,8 12,5 12,2 12.2

3 17.4 16,2 18,4 14,7 14,2 12,7 13.4 12,1 12.2 17,
32 18,7 17,4 16,4 15,6 15,0 14,56 14,1 12,8 1Z%.6 12,2

34 20,1 18,7 17.6 16,7 1.0 15,4 14.C 14,5 14,2 13.
3 21.8 20,1 18,9 17.2 17.1 1,4 15,8 15,3 14,° 14.5
38 23.7 21.8 20.4 19,3 18,5 17.6 16,0 16,3 15.8 15.3

3

eble 11, Average Unit Traective Resistence for Light Tractor-
Trucks. (Seven Mekes.)
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Unit Trzctive Resistence, in Pounds ner 1000
Pounds, for eights of -
peed
1iPH Thousends of Pounds
16 18 20 22 24 26 28 30 32 34 36 38
1bs. 1hs. 1lhs. 1bs. lbs. 1hs, 1bs, lbs, 1bs. 1lbs., 1Ts. lhs.
B TeO T8 M7 TeB TDH 7D 7B TB 7D 7D 7D 740
8 8.5 8:3 8,2 8.1 8.0 8,0 8,0 7.2 7.9 7.9 7.8 7.8
10 942 92,0 8.8 8.6 8D 8.4 844 8.3 8.3 8.2 8.2 8.1
12 10,0 2.7 2.5 9.3 9.1 9.0 8.2 8.8 8.7 8.7 8.6 8.5
14 10,8 10,4 10.1 9.9 2.7 C.5 2.4 S.,2 2.2 ¢.1 ¢.0 8.9
16 11.6 11,1 10,8 10,5 10,3 1C,1 2,2 9.8 ©C.6 9.5 9.4 9.3
18 12,4 11.9 11.5 11.2 10.¢ 10,7 10,5 10.3 10,1 10,0 ©.8 ©C.7
20 13,3 1247 12.3 11.9 11.6 11.3 11,1 10.8 10,6 10.5 10,3 10.2
22 14,2 13.6 13,1 12.6 12,3 11,9 11.6 11.4 11.2 11,0 1C.8 10,6
24 15,2 14,5 13.9 13.4 13.0 12,6 12,2 12.0 11,7 11.5 11,3 11,1
26 16,2 15,4 14,7 14.2 12,7 13,2 12.¢ 12,6 12.3 12,0 11,8 11.6
28 1742 1643 1546 15,0 14,5 14,0 13.6 13,2 12,9 12.6 12,3 12,1
30 18,3 17,3 16,5 15,8 15.3 14,7 14.3 13,2 13,5 13,7 17.¢ 12.7
32 1944 18,3 17.4 16,7 1.1 15¢D5 1540 14,6 14,2 13,9 13,6 13,3
3 20,5 1244 18,4 17.7 17.0 1644 15,8 15.4 15,0 14,6 14,3 14,0
36 21.8 20,5 1¢.5 13.7 18,0 17.4 16,8 16,3 15,8 15,5 15,1 14,8
38 2341 21.8 20.7 19.9 19.1 1844 17.8 17,3 16,8 16,4 16,0 15.7
40 24,6 23,2 22,1 21.1 20.1 19.6 19,0 18,4 17.9 17.5 17.1 16.7

Table 13, Average Unit Resistance for Heavy Tractor-Trucks.
(Four Mekes.)
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Table 15..

Unit Tractive Resistence, in Pounds per 1000

Pounds, for Veights of -

Thousands of P

40 42 44 46 43 50

1bs. 1lbse. 1bs. 1bs. 1lbs. 1bs.
Te7 To7 747 T7 7.7 7.7
8.0 8.0 8.0 7.9 7.8 7.¢
8.2 8.2 8.1 3.1 3.1 8.1
85 8.0 8.3 8.7 3B.3 8.3

8.8 8,8 8.6 8,5 8.5 8.5
2.1 92,1 3,2 3.2 8.8 8.8
9.4 C.,4 C.3 9.2 C.,2 9.1
2.8 C.,7 2.7 2,86 ¢,5 9,5
10,2 10,1 2.9 9.9 G.8 ¢.,8
10,5 10,4 10,4 10,3 10,2 10.1
10,9 10,8 10,7 10,6 10,5 10,4
11,4 11.2 11,1 11.0 10.%¢ 10,8
11.8-11.7 11.4 1.2 11.2 11.1
12,3 12,2 12,0 11,8 11.7 11 .6
12,9 12,7 12.50 12,4 12,2 12,1
12,5 13.2 13.1 1% 12,8 12,6
3 12.4 13,72

14,92

14,0

15.1 14.8 14,1 17.0
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Table 17 - Road Types and Their Approximate Conversion

Factors.
Resistance
Federal, State or County Roads. Expressed as
% Grade

1, Best Concrete to Good Macadam. 1.00 - 1,50
2. Good Macadam tc Hard Clay Bound

Gravel, 1.50 -« 2,00
3. Hard Clay Round Gravel to Loose

Gravel and Poor Broken Macadam, 2.00 - 4,00
Private Construction.
4, Good Haul Roads. (Almost equiv-

slent to 3 or better.) Hard

packed natural soil. 1.75 - 4,00
5. TFair Haul Roads, Partially

packed to spongy under extreme

loads. 3400 = 5,00
6. Poor Haul Roads. Sandy to Rough,

displacement under average loads. 4,00 - 10,00
7. Strip Roads. Rough, no alignment,

off=the-road hauling to rud. 500 = 15,.¢

Note - ametually when substituting in the formula concrete
is entered as 0% since the formula has already
taken this resistance into account.
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Transportation Cost Estimete

Touinment Recommended
I7odel Type Ho. We EBe
Engine 7 o
Rear Axle Type Ratio
Transmission
Tires: Front _
Rear
Brokes
Cab .
Body : -
Other RBgquipment
Operator Business
Address
Compiled by Date

Approved by

Date__




Trasnsportation Cost Estimate

Truck Trailer Trailer Total

1. Xodel
Investment
2. Total Investment
%2, Tire Value (subtract)
4, Amount to Depreciste

Miles Operated
5, Miles Operated petr Day
6. Deys Operated per Year
7. Miles Operated per Year

Fixed Expense Per Year

8. Interest on Total Invesitment (a)__ 6%

9. License and Taxes

10, Insurance: a. Fire and Theft
b. Property Demage
c. Public Liability
d. Collision
e. Cargo
f.

11, Garage
12, Depreciation (If on Time Rasis)
13. Totel Fixed Expense Per Year
14, Total Fixed Expense Per Mile

Payroll Expense Per Year
15, Supervision and Overhead
16,
17. Drivers Vages
18. EHelper's Wages
19, Totel Peyroll Expense Per Year
20, Totel Peyroll Nxpense Per Miles

Running Bxpense Per Mile
21, TFuel Eng $ Per Gel.____Miles Per Gel.
22, 0il a) & Per Gal. Miles Per Gal. —
23, Tires (a)__ _Tire Expectancy
24, Reserve for liaintensnce and Repair
25, Deoreciation (If on Mileage PRasis)

26, lileage on Ton Mile Tax _ —
27. Total Running Expense Per 17ile S
28, Totel Tunning Expenge Per Year e
29. Total Cost Per Mile L I
30. Total Cost Pex Dey__ —
2l. Total Cost FPer Year e
22. Avg. Ho. of Trips vper Day I
22. Total Cost per Triv e ) ——
34, Averege Units per Trip R
z5. Coet ner Unit T -




Instructions For Preparing Transportation Cost Estimate,

Form 601 Equipment Recommendation

The preceding form provides space for a description
of the type of equipment recommended, together with all
soecisl equipment and modifications from standard chassis,

Only a few items are listed, and balance of vpege has
been left blank to facilitate complete description of all
special equipment items, including painting and lettering,
finance charge, sales taxes, freight and hendling charges,
discounts, trade-in allowances and other related items.

Where trailer quotations are involved, give model,
length, tires, trakes and other equipment, finance charge,
sales taxes, freight and handling and any other expenses
incurred. Trailer specifications may be inserted in any
suitable place on the sheet below the complete truck spec-
ifications.

Lines at the right side of the pnage are blank, facil-
itating the use of this form for necessary cormputetions of
price quotations., Sufficient room is available for two or

more vertical columns of figures.
Transportation Cost Estimate - Casoline Equipment

Item 1 - Place proper model designation directly beneath
headings "Truck" or "Trailer" in space provided.,
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Investment

JTtem 2 - Indicate total delivered net price of complete
vehicle, including tex, finance charge, body
costs and other cost items. Trade-in allowvance
muist not be cdeducted from totel cost price when
establishing investment figure.

ITtem 3 - Indicate locsl cost to overator for replacement
of tire equipment. Inner tube prices are to be
included in tire value., If spare tire is in=-
cluded in item 2, cost of same must be included
in this item.

Item 4 - After deducting item 3 from totzl investment,
item 2, the balance in item 4 represents the
amount to be used in the depreciation figures
in either item 12 or item 25.

Miles Operated

Items 5, 6 and 7 - Indicate miles overated vper dgy, days
operated per year and miles operated per year.
These figures must be established on an average
basis in order to serve as guide in the cost
per mile calculations.

Fixed Expense Per Year

Item 8 - Interest should be charged on the total invest-
ment figure, item 2, If the depreciation is
assumed as taking place at a uniform rate, the
average interest over the assumed life of the
equipment on its undepreciated velue may be
accurately determined from the following formu-
la:

Interest per Year = I x %+ O.nox (2% l)
n

where

I is the total investment wvaluation,

p is the rate of interest, and

n is the number of yeers life, or length
of time over which equipment is to be
derreciated,
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Item © - Enter total State
personel property
County, and City.
included in items

and City vehicle license fees,
and snecial texes of State,
Tuel and oil texes are to be
21 and 22.

It is necessary
surance rates, end it is best to obtain the

Item 10 -

to use the apnlicable local in-

cost of insurance from a local Insurance agency,

since rates sre different
vehicle tyves and operating conditions.

If the ge

S¢

Item 11 =

for various localities,

roge is the proverty of the truck owner,

enter an asmount equ1v¢1enﬁ to the pro rate cost

per vehicle, based on rental value of building
t@yes, hezt, light
If washing is included, insert the words,
washing" in item 11 and include this cost.
s rule, the vnrevailing local storzge rate can
be unsed in estimsting the garsge cost.
Wotes In reference to items, ©
ing figures cen be used
averages, accorawng to tb
mum ranges given telow.

b4
in
he

-

Trucks
ximuam I
Taxes

Insureance
Garage

400.00
20,00
100 .00 217 50

«50
Nele;
48,00

27
4

Item 12 - (Based on item 4.)
there is no ex

It should bhe apprec

and pover and other eyﬂenses.
Yend

10 and 11 the follow-
cetermining yearly
minimum and mexi-

Meximum

230400
280,00
93450

iated thet
et 1imit to the life of any piece

of ecquipment so long as the wesaring nerts can he

repleced. However, it is well to set & safe

1imit on the economic life of the truck equipment

because of obsolescence snd other factors.

At

the end of this neriod, there may be a certain

esale or trade-in value on the ed
penalﬂg on the care it has
value., It is not
salvage OTr res
it is bhetter tc let this
of safety in the cost estwmcte figures,

had and on
common nractice to

uipment, de-
the current
credit this
ale velue in the cost estimate, as
nount act as a factoeor



Note: The following tables are approximations of
the mileage possible, based on truck and
trailer costs,

Renge of Truck Investment Range of Tstimated HMMileage
" 600,00 - 1000.,00 50,000 to 70,000 miles
1000,00 - 2300,00 70,000 to 100,000 miles
2300,00 - 4100.,00 100,000 to 15C,000 n
4100,00 - 6700,00 150,000 to 200,000 n
6700,.,00 - 10000,00 200,000 to 300,000 "
Renge of Treiler Investment Range of Estimsted liileage
5 500,00 to 1000.00 125,000 to 150,000 miles
1000,.,00 to 2800.00 150,000 to 200,000 i
2300,.,00 to 5000,00 200,000 to 300,000 n

In general vpractice, it is suggested that treil-
ers be depnrecisted on a bp is of twice the
vear!'s life or twice the mileage life of the
tractor-truck.

The ahtove data may be used as a guide for esti=
mating the depreciation of General Yotors trucls
and trailers. (The data may be used as a com-
parative basis for other trucks and trailers as
well,) Common sense and knowledge of the condi-
+ions under which the truck is being onerated
will be heloful to determine a feir and reason-
oble rate of depreciation.

If depreciation is figured on a time basis,
divide item 4 by the estimeted number of yeers
1ife, If the truck should bhe depreciated over
a period of four yvears, for exemple, then one=
fourth the total amount to be depreciated should
be entered as item 12,

If depreciation is figured on a mileage basis,
divide item 4 by the "miles life" to obtain the
depreciation cost per mile and enter this amount
as item 26. Items 12 and 25 are alternatives
and cost must be entered in one or the other -

not bothe.

Item 13 - Add all expense items from 8 to 12 inclusive,
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Item 14 - Divide item 13 by item 7,
Payroll Expense per Year

Item 15 - In fleet operation, it is customary to pro-rate
the total supervision and overhead expense on
the basis of the number of units. The figure
used will depend upon the accounting practice
of the individual operation.

Item 16 - Enter spvecial expenses, such as terminal costs
or other overhead items not directly chargeable
to item 15, figured on a unit pro-rate basis,

Items 17 and 18 - Enter total yearly exvense on this
equipment based on prevailing local driver'!s
and helper's wages., This item also depends
largely on operating practice. Where no helper
is used, strike out the word "helper', Where
owner drives the truck himself, indicate wages
equal to o hired driver.

Note: 1In reference to items 17 and 18, peyroll ex-
vpenses for drivers are based on a sliding
scale, increasing with the size of the truck
and the mileage covered per day. For high
mileages, allowance should be made for a re-
lief driver or helper., The following tsble
may be used for quick reference,

Range of Truck Investment Renge of Drivers Wages

To To To

100 Miles 175 Miles 300 liles

rer Day per Dey per day
$ 600,00 - 1,200,00 84,00 - 4,50 #5400 5 6,00
1,200,00 - 2,300,000 4,50 - 5,00 6.50 9,00
2,300,000 - 4,100,00 5.00 - 5,50 7 .50 10,50
4,100,00 - 6,700,.,00 5.50 - 6,00 8.50 12,00
6,700.,00 =10,000,00 6.00 - 6,50 2.50 13.00

Peyroll exvenses vary considerably between low
labor costs in Southern rural districts snd
high union wages in the large metropolitan
centers. Cost allowances must be made to lo-
cal wage scales,
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Ttem 19 - Add all items from 15 to 18 inclusive,
Item 20 - Divide item 19 by item 7.
Running Expense per Mile

Ttems 21 and 22 - For miles per gallon of fuel or oil,
refer to local experience or to tables covering
fuel and oil consumption. Base the cost per
gallon on the current prices paid by the oper-
ator, including taxes. Divide price per gallon
by miles per gallon and enter expense per mile
in the spaces provided.

The following data shows estimated ranges of
gasoline and oil consumption indexed by the
range of gross vehicle weight for vehicles of
standard design and average normal operating
conditions. Gross vehicle weights in this
tabulation include trailer weights.

0il and Gesoline Consumption

Range of Gross Weight Range in Estimated liles per Gallon

0il Gas

4000 . - 6000 350 - 500 Miles 14.0 to 10,0 Iiles
6000 - 10000 325 - 475 " 12,0 to 7.1 u
10000 - 16000 300 = 450 " 9.2 to b.6 n
16000 - 24000 275 = 425 " 7.3 to 4,1 "
24000 - 35000 250 = 400 " 5.6 to 3.2 "
35000 - 50000 225 ~ 375 " 4,7 to 2.6 n
50000 - 75000 200 - 350 n 3.8 to 2.1 "