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6. TRUCK HAULAGE

INTKODUCTION

Among the principal gathering/distribution systems for
coal 1is over-the-road trucking. Where alternative trunk
line modes such as barge or rail 1links are weak or
nonexistent, trucks may, particularly for relatively short
line hauls, act as substitutes. Their major application,
however, appears to be in connection with smaller mines or
coal wusers particularly where terrain problems are
significant.

Truck use has increased as rail 1lines have been
abandoned or suffered neglect. For example, in 1656 about
38 percent of the coal transported in eastern Kentucky and
about 8 percent of the coal moved in western KentucKky went
by truck. By 1975, the percentages were almost 77 percent
and 28 ©percent, respectively [4,U-11]. While rail route
limitations and deterioration played a part in the change,
increased emphasis on road building, particularlv during
the 1950's and 1968's, and improved truck load capacity and
efficiency were also important.

Coal haulage <costs by truck are relatively high.
Other things being eqgqual, variations in these costs are
largely a function of road conditions, terrain and weather.
In this study estimates are made of capital and operating
costs of truck haulage. These include a separable estimate
of road use costs. Rather than attempt to determine road
deterioration due to coal movements which, at best, would
be highly dependent on region, weather, original road type,
other users, and maintenance conditions, an alternative was
chosen. This involved an estimation of the cost of
building and maintaining a road capvable of sustaining the
traffic, annualizing the costs, and allocating a portion to
the coal traffic. The procedure is presented 1in Section
6.4. A computer model 1s presented which will enable users
to generate their own cost data tailored to their specific
needs.

A word of caution is in order., Hard data were found
to be sketchy. However, there have been no significant
technological advances in recent years. In many cases a
simple wupdating of older material appeared to be adeguate.
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The data problem arises because most large coal trucking
operations appear to be exempt from ICC requlation and rate
making. Therefore, cost data presented 1in support of
administered rates are lacking. The exemptions arise
because the operations tend to be owned by the mine or
receiver, or because they ere handled by a for-hire carrier
hauling an exempt commodity.

Because of the size of the +trucks, industry trends,
and the increasing cost of gasoline and, possibly,
associated taxes, the cost calculations have been made in
terms of diesel fuel rather than gasoline. The analysis
excludes all taxes. Fuel taxes differ by state while
property taxes differ by state and locality. Both also
depend on the size of the operation which 1is determined
only atter an optimization calculation. Users may wish to
add taxes as a lump, or distributed, sum after completing
the costing model. Finally, it will be found that the
program assumes that time for hauling coal has been set
egual to the time required for the empty return (TR=TH in
Section 6.3.8.1). In relatively flat regions this is
reportedly true. Where topography makes this convenient
assumption untenable, the model <can be easily altered
either by using TH, with altered values of the components,
to substitute for a new TR, or by reestimating with a
simple empirically derived factor for TH (e.g. TH=aTK;
a>l).



CPERATING COSTS - DISCUSSION

Line-haul trucking costs for various vehicle gross
weights were based on the procedure used by Stevens [2,5,6]

and the Highway Eesearch Bulletin [1]. Figure 6.1
indicates the cost breakdown. (Note: all tables and
figures are collected at the end of each major section.) To
indicate the trends in vehicle - mile cost, it was

expedient to group and accumulate the individual expense
accounts wunder the seven headings: shown in the figure.
Because engine 0il consumption is primarily for lubricants,
engine o0il costs were included with repair and servicing
costs. The Stevens study was adjusted for price inflation
as follows.

In compiling repair and service costs the ©principal
components are mechanics and repair parts. About 33
percent of repair servicing costs accrue to mechanics;
repair parts represent 6@ percent. Therefore, to update
the Stevens' study, and its supplement, the 33 percent due
mechanics was adjusted by the ratio of indexes for
1976/19760 (5.92/3.85 = 1.55), given by the wholesale price
index for the annual wage of mechanics. The 67 percent due
to parts was adjusted by the ratio of the wholesale ©price
index, 1%76/1978 (151.7/111.6 = 1.36), for transportation
eguipment. Ownership of shop and garage facilities 1is
covered under the cost of depreciation and interest. The
cost of tires and tubes was adjusted by using the ratio of
the wholesale price index, 1976/197@0 (157.1/167.2 = 1.47)
published in the Monthly Labor Review. Fuel <costs were
adjusted 1in the same way. They were further adjusted for
speed and terrain. This is discussed below. Indirect and
overhead costs 1include the subcategories shown in Figure
6.1. Because indirect and overhead costs are broad items,
adjustments to indirect and overhead costs were simplified
by using percentage of the overhead and indirect cost to
total per~mile operating costs excluding overhead and
indirect. Therefore, adjustments were first made to the
total of the first five items, excluding overhead and
indirect cost.

Depreciation and investment costs include those
subcategories found in Figure 6.1. As the fleet model
garage facility was assumed to be 1located on 1industrial
property, no separate depreciation was calculated on land
investment. Furthermore, as the vehicles are assumed to
run out their useful line-haul life, they are salvagable
only at scrap values. This is estimated at approximately
one percent of original price, and here considered to be
zero. From the Stevens*® study, it 1is estimated that 840
percent of the depreciation value and interest charges for
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line-haul operating costs accrues to the 1line-haul truck
itselt. As depreciation and 1interest are essentially
directly related to the cost of the new vehicle equipment,
the ratio of the wholesale price index for trucks for
1976/1970 was used (151.7/111.6 = 1.36). To the 1.36 was
added a factor to account for the increase in interest
rates from 6.5 percent to 8.5 percent, or 0.895. The total
adjustment factor used was 1.455.

6.2.1 Operating Cost Adjusted by Running Speed

Vehicle speed is an important factor in running
costs. Therefore adjustment due to running speed is
necessary if more precise cost data are reguired.
In practice, total elapsed time, or trip time, is
more important than simply driving time. Dividing
the trip mileage by «driving time gives average
running speed. The operating cost as modified by
different running speeds was based on the Stevens'
investigation [5,6].

6.2.2 Operating Cost Adjusted by Elements of Highway
Design -

The operating cost of a truck 1is affected by
highway design elements such as distance, grades,
curves, speed changes, roadway surfaces, lane width,
number of lanes; shoulder width, and traffic
control. Therefore some adjustments are necessary
to produce a more reliable cost analysis. However,
except for grades none of the above factors appeared
to be highly significant with respect to costs.
Here, an attempt has been made to classify different
truck operations for terrain that can be crudely
classified as flat and mountainous. A percentage
factor 1is used in our cost analysis program instead
of real mileage estimates for each type of terrain.
For example, 1if the total mileage between a plant
location and a mine location 1is 168 miles and
includes a mountain section of 10 miles, the
percentage factor for grades would be 10%.



Ny
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Reserve Truck Requirements

In the calculation of truck transport costs, it
is also necessary to know the total number of trucks
needed with respect to mine output capacity. This
depends on total tonnage and truck cycle time. The
truck cycle calculation includes waiting time (to
load), loading time, hauling time (loaded), waiting
time (to dump), dumping time, and return time
(unloaded) .

After the cycle time estimate has been
completed for a given truck, the supply estimate is
made and the number of trucks required is
determined. Because the number of productive
minutes per hour varies, the average minutes per
shift hour 1is used.

Truck down-time for service and repairs 1is also
included when making an estimate of the total fleet
required. The availability factor is included 1in
order to determine the actual fleet size needed.
There are different ways to determine truck
availability. In this study we use a probability
factor associated with truck downtime. It can be
shown that the probability of having exactly n units
available is:

Pn = Pnr * Pmnr = C?

where Pn 1s the probability of n units being
available, Pnr 1is the probability of a single unit
being available, Pmnr is the probability of a single
unit not being available, and CP is the combinations
of n things taken ¢ at a time. "Therefore the total
fleet size can be calculated as follows:

Trucks required
Pn

Fleet size =

Since the fleet size 1is always greater than the
theoretical number of trucks required, the cost of
reserve trucks 1s an 1important factor and is
included with operating costs.



Operating Costs

FIGURE 6.1:
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6.3

CPERATING COSTs - MOLEL

A generalized description of the costing model is
found in Figure 2. The specific relationship, adjustments
and sources are described below.

6.3.1 ggintenance Cost

6.3.1.1 Cost adjusted by gross weight. The
reqressions are based on data derived from
[1, pages 121-2].

_ . 2
Yl = 7.15 0.@48XA + 3.0012 XA

_ _ 2
Yll = 7.15 {1).048XB + N.0B12 XB
XA = gross welght of truck loaded
XB = gross welght of unloaded truck
Yl = $/vehicle mile for repair and

service of loaded truck

Yll = Cost per vehicle mile for

repair and service of unloaded
truck

6.3.1.2 Data adjusted by wholesale price indexes.

YN = 0.33 FR1 » Y, + #.67 = FR11
« 1
Y
1
¥11M = 6.33 = FR1 * Y%l + B.67
* FRI11 = 11
Y1M = adjusted maintenance cost of PTM for
loaded truck
Y1l = adjusted maintenance cost of PTM for
unloaded truck
FR1 = adjustment factor for mechanics
FR11 = adjustment factor for repair parts
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6.3.2

6.3.

3

PTM = per truck-mile

Sources are found in the Monthly Labor
Review,

Tires and Tubes Cost

6.3.2.1 Cost adjusted by aross weight.

. _ _ 2

&2 = 1.74 ﬁ.@lXA + ﬂ.@ﬂ@4xA

; _ _ 2

Y22 = 1.74 ﬂ.@le + 0.0@@4XB

Y2 = Cost per vehicle-mile for tires of
loaded truck

Y22 = Cost per vehicle-mile for tires of

unloaded truck

Kegressions based on data derived from
[1, pages 121-2].

6.3.2.2 ©Data adjusted by wholesale price indexes.

YM = FR2 = Y2
Y22M = FR2 = Y22
Y2M = adjusted cost per vehicle-mile for

loaded truck

Y22¥ = adjusted cost per vehicle-mile for
unloaded truck

FR2 = adjustment factor for tires and
tubes
FR2 = 157.1/107.2 = 1.47

Sources are found in the Monthly Labor
Review.

Cost of Fuel (Diesel)




6.3.3.2

Cost adjusted by gross weight.

_ - 2
Y3 = 2.77 E.Bﬁ4xA + ﬂ.0ﬂ012xA
_ _ 2
Y33 = 2.77 @.@@4XB + ﬂ.ﬂ@ﬂlZXB
Y3 = Cost per vehicle-mile for fuel,
loaded truck
Y33 = Cost per vehicle-mile for fuel,

unloaded truck

Regression based on data derived from |[1,
pages 121-2].

Cata adjusted by wholesale price index.

Y3M

FR3 * Y

3
Y33M = FR3 = 233
Y3M = adjusted cost per vehicle mile,
loaded truck
Y33M = adjusted cost per vehicle mile,
unloaded truck
FR3 = adjustment factor for fuel consump-

tion

Sources are found in the Monthly Labor

Egyiew.

6.3.4 Depreciation and Interest

6.3.4.1

Cost adjusted by gross weight.

- i, 127%2
Y4 = (.28 + ﬂ.155xA @.@ﬂ@Z?XA
- 115 - 2
Y44 = .28 + &).leXB 0.@Uﬂ27XB
Y4 = Cost per vehicle-mile for

depreciation of loaded truck



6.3.4.2

Y44 = Cost per vehicle-mile for depreciation
of unloaded truck

Regression based on data derived from
[1, pages 121-2].

Data adjusted by current wholesale price.

Y4M = FR4 = Y4
Y44M = FKk4 Y44
Y4M = adjusted cost per vehicle-mile for

loaded truck

Y4MM = adjusted cost per vehicle-mile for
unloaded truck

FR4 = adjustment factor for depreciation
and interest

Sources are found 1in the Monthly Labor
Review.

6.3.5 Driver Costs

6.3.5.1

Cost adjusted by gross weight.

- 2
Y5 = 14.1 + 0.027XA + @.ﬂﬂﬁﬂSXA
Ys5 = Yg
Y5 = Cost per vehicle-mile for drivers'

wages and subsistence, loaded truck

YSS Cost per vehicle-mile for drivers'
wages and subsistence, unloaded
truck

Regression based on data derived from [1,
pages 121-2].



6.3.5.

2

Cata adjusted by current wholesale price.

Y5M = FR5 = Y5

Y550 = FR5 = Y55

¥Y5M = adjusted cost per vehicle-mile for
loaded truck

Y55M = adjusted cost per vehicle-mile for
unloaded truck

FR5 = adjustment factor for drivers' wages

and subsistence

Sources are found in the Monthly Labor

Review.

Indirect and Overhead Costs Adjusted by Gross height

Y15M

Y115M

YoM

Y66k

Y15M

Y115M

YéM

Y66M

Regression equations are based on [1, pages 121-

YIM + Y2ZM + Y3M + Y4M + Y5MN
Y11M + Y22M + Y33M + Y44M + Y55M

Y15M » (0.35 - 0.0012X,)

Y115M = (0.35 - 8.0012X)

adjusted operating cost per vehicle-
mile for loaded truck excluding
indirect and overhead costs

adjusted operating cost per vehicle-
mile for unloaded truck excluding
indirect and overhead costs

adjusted indirect and overhead costs
for loaded truck

adjusted indirect and overhead costs
for unloaded truck

see Figure 6.3.

Price

adjustments‘ were already 1included in

previous sections.

2],

the



6.3.7

Cperating Cost Adjusted by Running Speed and Grades

Figure 6.4 indicates the cost flow through the

model. Tables ¢.1 and 6.2 provide the specific

factors.

YleM = YIM + ¥2M + ¥Y3M + Y4M + ¥Y5M + Y6M

Y116M = Y11M + Y22M + Y33M + Y44M + Y55M + Y66M

Ylé6M = total updated operating cost per vehicle-
mile for loaded truck

Y1ll6M = total updated operating cost per vehicle-
mile for unloaded truck

COPL = operating cost on level road

COPB = operating cost under bottle-neck conditions

COPU = operating cost on up-grade

COPD = operating cost on down-grade

FVv = speed adjustment factor

FB = speed adjustment factor for bottle-necks
(FB = FV)

FU = cost adjustment factor for up-grade

FD = cost adjustment factor for down-grade

COPTM = operating cost per ton per mile

COPT = operating cost per ton

YOP = average operating cost per trdck-
mile for round trip

PL = percentage of total mileage on level

PB = percentage of total mileage at bottle-neck

PU = percentage of total mileage on
up-grade

PD = percentage of total mileage on down-grade

CPT = capacity per truck



MT = mileage between mine and plant

YOP = 7 (Y16M + Y116M)
COPL = PL * FV =~ YOP
COPE = PR * FE * YOP
COPU = PUL ®» YOP * FU
CGpPb = PD * YOP * FD

COPTM

(COPL + COPB + COPU + COPD)/CPT

Number of Ekeserve Trucks keguired

6.3.8.1 Calculation of truck cycle time. Figure
6.5 indicates the <calculation flow for
reserve trucks. Figure 6.6 1indicates the
flow of the cost calculations,

TH = MT * (PL/VL + PU/VU + PL/VD)
TB = MT = PB/VE
TR = TH

CYy = 2TH + TB + TWL + TwWD + TL + 1D

TH = time for hauling
TR = time for return

PL = percentage of total mileage on
level

PU = percentage of total mileage on up-
grades

Pl = percentage of total mileage on
down-grades

VL, = level speed (recular speed)
VU = speed on rising grades

VL = speed on down-grades
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MT = mileage between mine and plant
TB = time during bottle-neck

PB = percentage of total mileage at
bottle-neck

VB = bottle-neck speed

CY = total cycle time

6.3.68.2 Number of trucks.

NOTE = [ CEY & C¥

NOTE = number of trucks

CPY = demand capacity per vyear
or = operating days per vear
OH = operating time per day
CPT = capacity per truck

6.3.8.3 Real truck number.

+ - NOTE
NOT Y
NOT = size of fleet
PY =

(Pn) the probability of hauling
exactly n units

6.3.9 Cost of Reserved Trucks

6.3.9.1 Depreciation and interest.

v = e . 1 4 INT * (LOT +1)
CTTK (NOTE-NOT) PT (137 - )
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CTTK

L}

total reserved truck cost per year

PT = truck price
LOT = service life of trucks
Unit cost ($/ton).
v = CTTK
CTT TPy
wrpi = CTTK
CTTH S
CTT = cost of reserved truck per ton
C1TM = cost of reserved truck per ton

per mile



TABLE 6.1: Adjusted Speed Factors

GROSS WEIGHT SPEED FACTOR
(Kips) (mph)
84 15-290 1.245
20-25 1.117
25-30 1.064
30-35 1.000
35-45 B.9579
45-55 1.000
70 15-20 1.200
20-25 1.130
25-30 1.060
38-35 1.000
35-45 1.000
45-55 1.000
59 15-29 1.000
20-25 1.138
25-39 1.064
30-35 1.0664
35-45 1.064
45-55 1.000
40 15-26 1.021
20-25 1.125
25-30 1.042
36-35 1.063
35-45 1.042
45-55 1.000

Source: [5]



TABLE 6.2: Grade Adjustment Factors

Diesel Engine

Terrain
Gross Weight Level Rolling Rising
(Kips)
80 1 1.06 1.10
70 1 1.65 1.11
50 1 1.600 1.00
40 1 1.89 1.06@
Gas Engine
Terrain
Gross Weight Level Rolling Rising
(Kips)
80 - - -
76 1 1 1.29
50 1 1 1.00
40 1 1 1.05

Source: [5]
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FIGURE 6.2:

’[A B ’[A ’[B
Tire & Tube Fuel

Cost Cost

Y.

Operating Cost Model Flow Chart

X

ai

& Interest

TAT

Depreciation

Drivers' Wages
& Subsistence

.

Data Adjustment
FR1 = 1.55
FR1l= 1.36

Data Adjustment Data Adjustment
FR2 = 1.47 FR3 = 2.33

Data Adjustment
FR4 = 1.26

Data Adjustment
FR5 = 1.456

!

!

Cost of Indirect & Overhead

Yeu = Yigy * (6.35-8.0012X,)

Reserved Truck

Yeeu= Yyqsm * (0.35-8.0812Xp)

l

Total Operating Cost
$/truck-mile

Source: Reference [1]
Note: Regression coetticients derived from data in [1]




FIGUEFE 6.3: Ekatio of Indirect to Cperating Costs:

Percent Change by CGross Weight

Percentage

34

3¢
29
28

27

25

24 |

A 4

20 36 4¢ 50 66 70 80

Weight (Kips)

Source: (1]

Note:

One Kip equals 18860 pounds.



FIGURE 6.4: 23justed Operating Cost Flow Model

Percentage for each
Running Speed Total Operating Cost Running Speed

Operating Cost Ad justed by Speed
TABLE 6.1

Operating Cost Adjusted by Grade
TABLE 6.2

!

Total Operating Cost per Vehicle-mile
TFUCK Capacity

)

$/Ton-Mile




FIGURE 6.5: FReserve Truck Quantity Calculation

— Waiting time (to load) (TWL)

— Loading time (TL)

Cycletime

CY=TWL+TL+TH+TWU+TD+TR

—~ Hauling time (TH) Level speed

—Waiting time (to dump) (TWU) Bottleneck

- Dumping time (TD) Grade effect

.- Returning time (TR)

Demand capacity per year (CPY)

Numher of trucks

NOTE=._CPY * CY

Operating days per year (OD)

Operating time per day (OH)

Capacity per truck (CPT)

Availability Factor

= ; n
P =P * Cp

*
n nr Pnnr

!

F—l:The probability of a single unit being available (Pn
The probability of a single unit not being available (P

nnr)

l—The combinations of n things taken r at a time (C?)

Required number of trucks

1ypNOTE
NOT B




FIGURE 6.6: Reserved Truck Cost Calculations

Number of Reserved Trucks Cost of Each Truck

Total Cost of Reserved Trucks
3

gy 1

Depreciation Investment

est rate

Total Reserved Truck Cost Total Reserved Truck Cost * Inter42

Truck Lite(=6)

¢z-9

(Truck Life +1 = 7)
“Truck Life = o

)
T
Total Annual Cost
of Reserved Truck
= Total Annual Cost of Reserved Trucks » Cost per Ton

Total Demand per Year Mileage

P

$/Ton $/Ton-Mile




6.4.

CAPITAL COST - DISCUSSION

As used here, capital costs refer to road construction
and maintenance including total construction costs,
engineering, right of way, earth works and drainage,
structures and flexible pavement. Figure 6.7 provides an
outline of the principle components. Figure 6.8 shows the
costing model.

There have been no great technological changes in road
construction, therefore, cost data tor road construction
taken from Federal-Aid projects for 1964 have been used.
These include six different types of roads and ten
geographic divisions. The cost data were adjusted for
inflation. Road maintenance data are based on the same
source.
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Capital Cost

FIGURE 6.7:

Road
—Construction Cost—

Road

L_Maintenance Cost—

Capital Cost Camponents

—Interstate Rural —;
—Interstate Urban
—Primary Rural

L-Primary Urban

FEngineering
—Right of Way
-Earthwork & Drainage

—Structures

I—~Secondary Rural

L_Secondary Urban

F—Interstate Rural—
— Interstate Urban
— Primary Rural
—Primary Urban

- Secondary Rural

-Flexible Pavement

—Roadside & Drainage
—Surface and Base
—Shoulders
—Structures

—Traffic Services

L-Secondary Urban

—-Snow, Ice and Sand Control



FIGURE 6.8: Construction Cost Flow Chart

Cfi(i=1,2,3,4,5,6) MR; (i=1,2,3,4,5,6)

TABLE 6.3

[

Total Construction Cost

CCR = (CR; * MR;)

Moy

i=1

1

Data Adjustment Factor

- Purchasing Power (1964)
Update Purchase Power

l

Depreciation

Total Construction Cost
Rocad LiEe(=30)

Interest Rate I?Egggsfife +1) = 31
. * =
Total Constr?gga?n Cost = * FoadTite =37

T

1
Total Annual Cost
of Construction

1
Total Annual Cost for Construction Cost per Ton
Total Demand Per Year Mileage
}
$/Ton $/Ton-Mile
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6.5 CAPITAL COST - MODEL

6.5.1 Ekoad Construction Cost

6.5.1.1

Type of Road

Total construction cost. This follows the
pattern indicated below.

CCR

CR

CCR

CK

MR

xx1

XX2

Xx3

Xx4

xx5

XX 6

6.5.1.2

» TABLE 6.3 »Cost/Mile

(CR, = MR;)

tM o

i=1
(CR1 ~ MRl + CR2 * MR2 + .... + CR6 * MR6)
cost of each type of road per mile

total construction cost of road

cost of each type of road per mile
mileage of each type of road

interstate rural highway

interstate urban highway

primary rural highway

primary urban highway

secondary rural highway

secondary urban highway

Data adjustment factors. This inflation
adjustment is based on the relative
wholesale prices found in the Survey of
Curent Business.




6.5.1.3

6.5.1.4

1

FR = bv
FR = adjustment factor
DV = current dollar value compared to

base value

Annual depreciation and interest on road
construction.

. = CCk =~ FR , INT * (LOR + 1) = :
CARC K = + SLOR CCR * FE

CACR = total construction cost per year
INT = interest
IOk = averaqge life of road

Unit Cost (S/ton):

‘o _ CTR
LUMR T
CTR = cost of road construction per ton

CTMR = cost of road construction per ton
per mile

MT = mileage between plant and mine

Road Maintenance Cost

Figure

6.9 shows the flow necessary for these

calculations.

6.5.2.1

hodel of road maintenance costs.




6.5.2.1.1 Total maintenance cost:

The flow of these maintenance
costs 1s seen directly below.

Type of Road »TABLE 6.4 +-Cost/Mile
CCM ¢
v = 5 CM; = MR,
i=1  * '

CCM = total maintenance cost of road

CM = cost of each type of road per mile
MR = mileage of each type of road
i=1 = interstate rural highway

i=2 = interstate urban highway
i=3 = primary rural highway
i=4 = primary urban highway
i=5 = secondary rural highway

i=6 = secondary urban highway

6.5.2.1.2 Data adjustment factors:

- 1
FR = v
FR = adjustment factor
bV = current dollar value com-

pared to base value



6.5.2.1.3 Unit costs:

CTRMN = %ﬂ

CTRM = cost of road maintenance
per ton

CTRMM = cost of road maintenance
per ton-mile

MT = mileage between plant and

mine



TABLE 6.3: Cost of Road Construction

Type of Road Dollars per Mile
Interstate Rural $ 751,000
Interstate Urban $3,198,000
Primary Rural $ 318,000
Primary Urban $ 600,000
Secondary Rural $ 136,000
Secondary Urban $ 175,000

Source: [9]

Includes: engineering, right of way, earthwork and
drainage, structures, flexible pavement

Note that dollars/ton/mile are simple averages of the
ten geographic areas. For more detailed work, the
original source should be used.



TABLE 6.4:

Type of kRoad LCollars per mile

Interstate Rural
Interstate Urban
Primary Road
Primary Urban
Secondary Rural
Secondary Urban

[9]

Source:

Includes:

shoulder, structur

snow, ice and sand
Note that dollars/ton/mile
geographic areas. For more

should be used.

Roaa

Roadside and drainage,

Maintenance Costs

$3,233
$6,677
$2,358
$4,484
$ 850
$1,979

surface and base,
es, traffic services,
control.

are simple averages of the ten
detailed work, the original source



FIGURE 6.9: Road MmMaintenance Flow Chart

CM. l"lf\i (i=1,2,3,4,5,6)

Jl
Table 6.4

l

Total Maintenance Cost

6
cCM = 3 CM; * MRy

Data Adjustment Factor Equals

- Wholesale Price Index 1964
wholesale Price Index 1976

Total Annual Cost
of Maintenance

J,

Total Annual Cost for Maintenance

Cost per ton

Total Demand Per Year

¥
$/Ton

Mi1leaqe

S|

S/Ton—Mile



TOYLAL COST MODEL

The total cost model is the agaregation of each of the

parts described above. The flow chart (Fiqure

indicates the procedure.

Total capital investment cost (CTCI)

CFCl = (Y44M + Y4M)/2 = KT * 2. *NOTE * CH/CY
* OL/160
CTCI1 = CFC1 / (1./0Y + INT = (OY + 1.)/2./0Y)

+ (NOT - NOTE) = PT * OY/LOT + CCR * FR

= PC

CtCI =1.1 = CTCI1

CwCA = CTCI1 =~ @#.1 * INT * (OY + 1)/0Y/2
CFC = CFCl + CWCA

CwCA = annual working capital cost

CFC = annual depreciation and interest
1004 = number of years of operation

Annual operating costs (Section 6.3)

COPT

COPYM * MT + CTT + CWCA/CPY

COPY COPT * CPY

Annual road costs (Section 6.4, 6.5)

CRY = (CTRM + CTR) =~ CPY

Annual reserved truck cost: (Section 6.3.9)

CITY = CTT * CPY

6.10)



Total cost per ton

CT = CGPT + (CTR + CTRM) = PC

Total cost per ton per mile

CTM = CL/MT

Annual total cost per year

CTY = CT = CPY

Note that PC eguals the percentage of road cost which is
included in total cost. This percentage will vary with the
relative use of the road by coal trucks compared with all
other traffic. If no user cost is desired, it can be set
equal to zero. Alternatively, a road use study can be made
tor the specific routes in guestion.
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Capital Cost

FIGURE 6.14:

Road Cost

Total Cost Flow

Data Adjustment

Annual Ownership
Cost for Road

Number of Trucks—

Reserved Truck Cost

Operating Cost —

Data Adjustment

Annual Ownership
($/ton)

Total
Total

Cost per ton
cost per ton/mile

Annual Operating
Cost -




6.7 COMPUTER MOLCEL FOR TRUCK COST ESTIMATION - SPECIFIC EXAMPLE

This computer truck cost model was formulated for
general use. Costs as well as other parameters are
included in the attached table. The reader can substitute
his own values by changing the values in the data file. 1If
any item is not to be included a zero can be inserted to
eliminate it. For exanmple, if road cost and maintenance
are to be omitted, a zero must be put in the data file. 1In
addition, this model <can be easily adjusted to represent
any particular year by changing the inflation factor. The
particular case presented here was run with data obtained
from a private truck company.

The most common type of rear dump over the road truck
used for coal hauling was a five axle, diesel engine type.
It cost about $50,800, and had an average 1life of eight
years. Its 1loaded capacity was 23 tons with an unloaded
weight of 12 tons.

In the mine area, loading time was estimated at #.815
hours. The wunloading time was #.01 hours. The waiting
time for loading and the waiting time for wunloading were
about the same: .05 hours. Normal road speed was
estimated to be 45 miles per hour. A ten percent bottle-
neck condition was assumed with the bottle-neck speed

assumed to be 10 miles per hour. Other values are
estimated in the model. The specific parameters are as
follows.
3 axles 5 axles
Truck Price (S) 25,008-30,000 50,000-55,000
Life (yrs) 6-8 8-10
Rear Dump X X
Engine gas or diesel diesel
Transmission manual manual
Tire (type) 10-120 19-120
Capacity 12 ton(24 Kips) 23 ton (46 Kips)
Loading time (hrs) 6.009°0.817
Unloading time (hrs) 0.009°0.017
Waiting Time load (hrs) 0.06370.05
Waiting time unload (hrs) 0.03790.05

*Private Company



Input data ftile - FOKTRAN 1V

*The Number of Trucks Reqguired

Input

MT
PL
VL
PU
vU
PD
VD
PB
VB
TWL
TWD
TL

D

Input

CpY
CPT
OH
oD

PY

Data for Cycle Time

ITEM
Mileage between mine and plant
% of total mileage on level
Level speed (regular speed)
% of total mileage on up-grades
Up—-grade speed
& of total mileage on down-grade
Down-grade speed

$ of total mileage at bottle-neck

Bottle-neck speed

Waiting time (loading)
Waiting time (dumping)
Loading time
Dumping time

Data for Operating Capacity
ITEM

Demand capacity per vyear

Truck capacity

Operating time per day

Operating days per year

Probability of hauling
exactly n units

UNIT

mile

mile/hr

x

mile/hr

mile/hr
x

mile/hr

hr

hr

hr

hr

UNIT
tons/year
tons/truck
hrs/day

days/year

x

FORMAT
F

F

FORMAT

F

F



input Data for Capital Cost
= ITEM UNIT FORMAT

CR1 Road construction cost for $/Mile F
interstate rural highway

CR2 Road construction cost for S/Mile F
interstate urban highway

CR3 Road construction cost for S/Mile F
primary rural highway

CR4 Road construction cost for S/Mile F
primary urban highway

CR5 Road construction cost for S/Mile F
secondary rural highway

CER6 Road construction cost tor S/Mile F
secondary urban highway

MR1 Mileage 0of interstate Mile F
rural highway

MR2 Mileage of interstate Mile F
urban highway

MR3 Mileage of primary Mile F
rural highway

MR4 Mileage of primary Mile F
urban highway

MER5 Mileage of secondary Mile F
rural highway

MR6 Mileage of secondary Mile F
urban highway

DV Current dollar value compared ® F
with base value (1967)

INT Interest x F
LOR Road life Year F
CcM1 Maintenance cost of $/Mile F

interstate rural highway per mile

CM2 Maintenance cost of inter- S/Mile F
state urban highway per mile

6-38



Cm3 Maintenance cost of primary S/Mile F
rural highway per mile

CM4 Maintenance cost of primary $/Mile F
urban highway per mile

CM5 Maintenance cost of secondary $/Mile F
rural highway per mile

Chb Maintenance cost of secondary S/Mile F
urban highway per mile

Input Data Operating Cost

* ITEM UNIT FORMAT
XA Gross weight of loaded truck KP F
XB Gross weight of unloaded truck KP F
FR1 Adjustment factor for mechanics = F
FR11 Adjustment factor for repair parts = F
FR2 Adjustment factor for tire cost ® F
FR3 Adjustment factor for fuel consumption * F
FR4 Adjustment factor for depreciation * F

and 1interest

FRS5 Adjustment factor for drivers' wage = F
PT Truck price $/each F
LOT Service life of truck year F
Fv Speed adjustment factor ' ® F
FB Speed adjustment factor for bottle-neck ® F
FU Cost adjustment factor for upgrade * F
FD Cost adjustment factor for downgrade = F
PC % of road cost included in total cost x F
1004 Number of years of operation x F
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SPECTFICATION FOR TRUCK TRANSPORTATION
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SPECIFICATION FOR TRUCK TRANSPORTATIQN

PrRaacly TAPACITY PER YEAR =8 500002,
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ROTT F=NECK SPEED 2 17,0
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CNST ANALYSIS FNR TRIUCK TRANSPORTION
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SPECTFICATION FOR TRUCK TRANSPORTATINN
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SPECTIFICATTION FOR TRUCK TRANSPORTATION

NEAAND C2PACTITY PER YEAR 3 SAGARR,0 _
“TUEAGE RETeEEN MINE AND PLANT = 50,0
REGUL AR SPEFD = 45,07

ANTTILEe A SHFED = 10,2

THICK CAPACTTY 2 23.9

PERCFLTARE NF 204D enST INCLUDED IN TOTAL COST =

COsT ANALYSIS FOR THUCK TRANSPORTION

THE TOT4L sl PER DY = 1,711

TOTAL 7981 PER T0HM PER MILE = R

antipal POST FOR TOTAL NPERATING cost = 855252
ANNUAL CihT FOR ROAD = 3432”24

Ay Al RESERVED TRUCK cpS8Ta  38498,2

TNTraL aNMual CNST = 85525%2,4

TOTAC carl1TAL INVESTMENT £OSYs  3540690,9
rraL MUCBRER DR O TRUCKS 28,6

SPECIFICATION FDOR TRUCK TRANSPORTATION

NEqany CAPACTITY PER YEAR = S20029,0

MTILEAGE RETWEEN MINE AND PLANT = 50,4
REGUL AR SPERD = 45,0

AATT E«NECK SPFED & 1M 0

TRUCK CAPACITY = 23

PFRCENTAGE OF ROAD COST !NcLunEu IN TOTAL COST =

COSY ANALYSIS FOR TRICK TRANSPORTION

THF TUTAhTqul ?g: TgN ﬁ . 2,372 247
TDTAL £0 E FER * -3 4
ANNUAL COST FOR TOTAL OPékATING coSt s 871624,1
ANNUAL CGST FOR RUAD = 3%32@2& 3
ANHUAL RESERVED TRUGK £OoStx  34498,2
TOTAL, ANNUAL CNAST = ézsaaeb b '
TATAL CAPTTAI INVESTMENT cO0STs  7897690,9
TOTAL NUMRER DOF TRUCKs= 28,6

Ze?
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SPFCTFICATION FOR TRUCK TRANSPORTATION

PEMALE CAPALTITY PEW YEAR = 5@01@@@ A

NTLEARY BETWEFN MIME AND PLANT s 50,0

REGIH AR SPEEDP = 45,0

ANTTLFenkDK SPFED = 151 2

YR'IWCK CAPACTTY =

SEXCECTARE AF <04L €OST INCLUDED IN TOTAL £OST =
LOST ANALYSTS FOR TRUCK TRANSPORTION

THE TNTAL COST PER TON = 3, @gq

TAOTAL FOSY PER T0M PER MILE =

ANAL CUST FOR TOTAL OPERATING roqf . BR7995,9

AMMUAL CDST FOR ROADN & 31320224,3

ANNIJAL RESFRVEN TRUCK COSTs 3@493"

YDTaL a'itjal COST = éswagm 7

TNTAL CartTAl InVESTMERT c0SYs  12254690,9

TOTAL *MHER (F TRIICKs= 28,6

a,2



SPECTFICATYION FOR TRULCK TRANSPORTATION

EAND CARACTTY PER YEAR : S00000,0

“TLEAGE RETWEEN “INE AND PLANT a .

FEFQUL AR SPEED = 05,?

ROTTLFw? hCK SPFFD = 1m n

rRot< HarACITY 23

PERCEHTAGE OF ROAD CNST ?NcLuoEo IN TOTAL CNST = 2.0

COST ANALYSTS FOR TRUCK TRAMSPORTION

THk TOTAL CHOST PER TON = 1,714

TaTalL, r£0ST PER TON PER ”Ike 5 2.034

anciiAL COST FOR TUTAL NPERATING cost = 8%55252,4
aohUall COST FOR RDAD =& 2455981 .9

auval RESERVEN TRICK r£0§Ta  3849A,2

TATAL ANNOAL FOST = A852%2,4

TNTAL CAPITAL THYESTMEMT costs  3540690,9

THTAL MUMBRER OF TRUCKR 8.6

SPFCIFICATION FOR TRUCK TRANSPORTATION

NEMAYD CAPACITY PER YEAR 8  5An000,0

MILEAGE HFTWEEN MINE AND PLANT & 50,0

REGUL AR SPEED s 45,7

PATTLE«NERK SPEED = 10,0

TRUCK CAPACITY = 23,0

PERCENTAGE OF ROAD cNST INCLUDED IN TOTAL COST = 2,0
LOST ANALYSIS FOR TRUCK TRANSPORTION

TRl LAST PER Thn PeR mie & tT18,

TOTAL € R - ' B 4

ANNUAL COST FOR TOTAL OPébATING cost = 859145,@

ANNUAL COST FOR ROAD = 5455951 5

ANnDal RESERVEN TRUCK c0STs”  “3d247,1

TOTAL ANNUAL COST = 859145,0

TATAL CAPTTAL INVESTMENT co8%s  3632185,5

TNATAL NUMBER OF TRUCK= 31,9



SPECIFICATION FOR TRUCK TRANSPORTATION
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SPECIFICATION FOR TRUCK TRANSPORTATION
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SPECIFICATION FOR TRUCK TRANSPORTATION
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FOR TRIICK TRANSPORTATION

SPECTIFICATYTON

2.2

[ ]
[
w
<
[S]
=
-~ .
= <
r |
(w3
T.
&

[ 3 prd
&S L)
?.
=0 F )
[ ni
o o o
ne & =4

<g o )
-~ &V
80 T2
= -—
e e M
< N
(S8 4 &
> C
Wt [
ax Z ]
[FYY ) [
T o<
(TR | ey
>l
—u >
Lan NS ALl gV

oy T Ll
IR Sl o I 4
[TOX S RVW wia VS
[ &+ ol ¥+ §

COST ANALYSIS FOR TRUCK TRANSPORTION
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AnMUAL KE
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TOTAL CAP
YOTAL NUM

NEMAND A
MILEAGF B
REGULAK S
ROTTLEahF
TRUCK rrapP
PERCENTAD

THE TOUTA
TNTAL N
ANNU%I C
ANNUYAL €
ANMUAL RE
TOTAL ANN
TOTAL CaP
TNTAL MM

SPECIFTCATION FOR TRUCK TRANSPORTATION

PACITY PER YEAR =  500000,0

FTwebEN MIME AMD PLANT = a,0

PEED = 45,0

CK SPFED = 1M 7

ACITY =

FONE WOAD rnsr fwcnbneo IN TOTAL COST =

FOST ANALYSIS FOR TRUCK TRANSPORTION

CHST PFR TON = 1,711

T PER TON PFR M;EE =

ST FOR TNTAL ATING cos? 2" 855252,4
ST FOR =0AD = 2455951

SLRVED TRUCK CNSTa xéa9a )

JAL CNST = BR95252 .4

TTAL_TNVFSTMENT COSTE 3541690,9

RER OF ThilCK = 28,6

SPECTIFICATION FOR TRICK TRANSPORTATION

PACTTY PER YFAR = sammam ]

FTWEES MINE AND P AN 52,0

F’!‘Fn H 45.v

K SPEED = lﬂ 2

ALTITY =

F OF ROAD c0¢v !NCLun&D IN TOTAL COST =

rNST ANALYSIS FNOR TRUCK TRANSPORTION

Tcusr ?Fﬁ TON ;I " 2.927

PER N PER |

ST ENR TOTAL mPEkATING cnsf 2 146%297,9
ST FOR ROAD = 24559%51,%

SERVEN TRUCK COST= 38273 9

DAL CNST = 146%297,9

ITAL TNVESTMENT £0STz  4713125,8

RER OF TRUCKE 54,8

2,02



