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Determining Truck System Costs for the 
Pennsylvania Interstate 80 Corridor 

ROBERT HARRISON, MICHAEL T. MCNERNEY, AND MARK A. EURITT 

Public investment ill the transportation infra tructure has 1radi
tionally been along modal lines with linle effort 10 develop a 
mullimodal approach . Consequently, ii i difficul1 to decermin 
if public transportation dollars have been invested in the most 
cost-effective manner. Previous research has indicated that mod
ally oriented planning and investment is econom.ically inefficient 
and generates fewer ocial benefits than a rnultimodal approach. 
A system cost analysis i a prerequisite to any multimodal in
vestment nnalysis. A componenr of the system co ·t analy i is 
summarized-a through-cost comparison of truck freight on the 
Pennsylvania l-80 corridor. The sy tern co t annly is includes truck 
operating cost with a discussion of truck u ·er taxes and their 
relation hip to infra tructure, accident , and ther related and 
environmental co ts. The discussion concerning the relationship 
between infrastructure costs and truck user taxes and fees is im
portant in identifying !he system co ts that are upported by truck 
operators and the act uni costs incurred by the sy rem. The truck-
upp rted system cost , using a life cycle cost approach, amount 

to $1.07 per mile or 8.1 cents per ton-mile on the Pennsylvania 
I-80 corridor. The costs incurred by the system , excluding exhaust 
emissions, amount to $1.30 per mili: or 9.8 cents per ton-mile. 
Ann ual truck emissions on the l-80 corridor are estimated ~ r 
hydrocarbons, carbon monoxide, nitrogen oxide , and particulate 
matter. These can be used for comparison with other modal strat
egies. 

The public sector, unquestionably, plays a vital role in tbe 
developmenl of transportation infra tructure. SiDce 1950 with 
respect to freight urface transportation has been the large l 

recipient of public dollars. The transportation sy tern is evolv
ing into a complex multi-modaJ network , which was encour
aged by regulatory changes and ha fo tered the growth of 
transportation companies . The new multi-modal environment 
requires a more thorough examination of public transpona
tion inve tment, particularly in light of federal and state bud
getary constraints. Fundamental questions about the cost ef
fectiveness of public investment in surface transportation, for 
example, are appropriate. Is it the best use of public re ource 
to finance highway infrastructure for hauling interstate freight? 
Currently policy makers have insufficient information to ad
dres this ba ic question. lnformation on mullimodal invest
ment strategies is essential if the U.S. is to maintain a com
petitive and growing economic posture. 

Consolidated Rail Corporation (CONRAIL) contracted 
Texas Research and Development Foundation (TRDF) in late 
1990 to conduct a system cost truck freight analysis specifically 
for the 311 mi I-80 corridor through Pennsylvania. An ex
amination of truck freight interstate transit costs is likely to 
provide important information for policy directives on mul-
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timodal transportation investment. The preliminary findings 
of the I-80 corridor study are summarized. 

The key objective of the ·tudy were to determine the full
system costs for truck operations, and from the e cosr , iden
tify truck ·ystem costs n a per mile and ton-mile basis. System 
costs include infra tructure or facility costs, velticle operating 
costs, and externalities including property and physical dam
age from accidents user delay costs, and environmental costs. 
Additionally, system costs can be categorized a incurred or 
supported. Incurred system costs are the true system costs 
defined above. Supported system costs are the costs currently 
paid by vehicle operators. The previous definition of system 
costs is modified to exclude externalities, because they are 
not paid for directly by operators, and to rep lac · actual facility 
costs with user taxes and fees that are actually paid by op
erators. Quite simply supported ystem co t are what owners 
or operators pay for operating their vehicle. Examination of 
system co t i neces ary for evaluating modal options and 
trategies. 

Several inputs are combined co identify the total sy tern 
costs of truck operation · over the I-80 corrido.r. First incurred 
facility costs comprising initial construction, rehabilitation , 
and maintenance are identified. Then, the various user taxes 
and fees paid by truck operators to determine the relationship 
of incurred facility costs and supported facility costs. Next, 
the full range of operating costs paid by truck operators to
gether with externalities not currently met from freight rev
enue are determined. 

FACILITY COSTS 

Initial Construction 

Initial construction costs include right-of-way (ROW), bridges, 
and roadway (or pavement costs). Based on a 1970 report by 
the Keystone Shortway Association, initial construction costs 
amounted to $424.2 million (1). 

Right-of-Way 

Based on the initial ROW estimate of $17.9 million, land 
acquisition costs were approximately $58,000 per mile or about 
$1 026 per acre for I-80. However thi estimate may be lightly 
low, becau e some land may have been donated . There wa 
no convenient way to obtain more precise data within the 
limits of this study. The average year in which the highway 
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was constructed was 1966. Converting ROW to 1989 costs for 
composite construction yields $236,172 per mile of highway 
(2). The method of cost allocation for ROW, used in the 
Pennsylvania highway cost allocation study is to allocate ROW 
costs according to vehicle-miles of travel (VMT) (3). Using 
traffic data from the Pennsylvania Department of Transpor
tation (PennDOT) data base calculated by individual seg
ment, 34 percent of the I-80 real estate costs are allocated to 
trucks, yielding $80,913 per mile of highway. In this report, 
(inal allocated truck costs are in 1989 dollars for all cost 
categories. 

Bridges 

The f-80 corridor include 486 bridge totaling lightly over 
t6 mi costing $65. 7 million (1970 dollar ) to construct. Bridge 
construction costs are 15 percent of total con !ruction co ts 
but account for only 3 percent of the highway length. The 
average year the bridges were constructed was 1966. Con
verting the $65.7 million to 1989 dollars yields $913 352 per 
mile of highway (2). The method used for cost allocation of 
structures and pavement based on the Penn ·ylvania highway 
cost allocation tDdy is 30 percent VMT and 70 percent equiv
alent single axle load (ESAL). Average rural Interstate truck 
loading of 98 percent (2) yields a 79 percent cost allocation 
for trucks or $720,452 per mile of highway. 

Roadway 

The construction, reconstruction, and traffic history were 
studied to determine the life cycle pavement costs for I-80. 
The year in which segments of the highway were constructed 
and the year in which an asphalt or concrete overlay or total 
reconstruction took place were derived from pavement in
ventory historical records provided by PennDOT. Based on 
this data, the average life of the pavements before restoration 
or reconstruction was nearly 22 years. The entire length of 
the highway was initially bui lt with 10 in. of reinforced port
land cement concrete pavement. 

PennDOT does not keep records of accumulated traffic or 
accumulated ESAL. The Roadway Management System (RMS) 
data base maintain the current traffic counts by section and 
ca lcula tes current ESAL ba ed on a prior estimate of ESAL 
per vehicle for the entire statewide network. PennDOT is 
concerned about underestimating the amount of current ESAL 
carried on their pavements. Data from the weigh-in-motion 
(WIM) site on 1-80 wa u ed to determine tbe average ESAL 
per vc;hicle for each vehicle clas . The historic growth rate of 
ESAL for the nation's rural Interstates a reported by FHWA 
and the average hi toric ESAL growth rate of 1-80 in several 
sections of Western Illinois were averaged to arrive at an 
annual growth curve used for this study ( 4). 

The total cost of the roadway was $340.6 million (1970 
dollars) or $1,096,000 per mile (J). Using the composite cost 
indices to adjust for inflation , yields $4 ,493,838 per mile in 
1989 dollars. Application of the 30-70 rule (30 percent allo
cated by VMT ru1d 70 percent allocated by ESALs) results in 
1989 truck costs of $3,544,739 per mile allocated for trucks. 
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Rehabilitation Costs 

A study of the pavement construction and reconstruction his
tory howed that it is possible to combine contiguous segments 
of the pavement into 25 simiJar sections with imilar construc
tion and rehabilitation hi tories. These section lengths vary 
from 2 to 36 mi. The average age of the initial concrete surface 
and the time of first overlay was determined for each section. 

Calculations were then made for each section to determine 
both the accumulated ESAL for the original concrete surface 
until overlay and the total accumulated ESAL since that sec
tion was placed in service. The average service life of the 
initial 10-in. concrete pavement is 22.4 years and the sections 
accumulated an average of 18. 7 million ESAL. Most all the 
surviving original sections are currently scheduled either for 
restoration or reconstruction. 

Since 1979, PennDOT has maintailled a project manage
ment system for tracking all rehabilitation, restoration and 
reconstruction projects. This data was used and converted to 
1989 dollars on the basis of FHWA correction values for 
maintenance costs (2). For the entire 1-80 corridor, total re
habilitation costs from 1978 to 1990 are estimated to be $688 
million in 1989 dollars. 

The $2 219,355 co t per mile is allocated using the 30-70 
rule (30 percent by VMT and 70 percent by ESAL) resulting 
in $1,750,627 per miJe allocated to truck . U ing 300 mil tons 
av rage over the average 25-year Life of the l-80 sy tern yields 
approximately 0.59 cents per ton-mile. The rehabilitation costs 
as a whole are underestimated as a system, since some miles 
of I-80 are in need of reconstruction or restoration and the 
monetary resources are not available. 

Maintenance Costs 

Snow Removal 

Data were extracted from the maintenance management sys
tem for the last 3 years for each of the 15 countie through 
which 1-80 passes. The average reporteo costs of snow removal 
for all rural Interstate highways in Penn ylvania was $12 000 
per mile annually in 1989 dollars or $300,000 over the 25-year 
life of the highway, according to information in the mainte
nance management tracking system. However, this figure may 
be low because current policy doesn t require snow plow op
erators to identify the specific route for the maintenance man
agement system. Using axle VMT as the allocation basis re
sults in truck life cycle snow removal costs of $161,790 per 
mile of highway or 53 percent of total snow removal costs. 

Routine Maintenance 

The average annual routine maintenance co t (excluding snow 
removal) for rural Interstate highways in Pennsylvania is re
ported as $17 600 per mile in 1989 dollars. The average annual 
routi.ne maintenance costs for I-80 for the last 3 years averaged 
$10,300 per mile in real dollars. Reported routine mainte
nance costs for I-80 by county varied from as low as zero to 
a high of $54 000 per mile. Because of the high variability in 
annual maintenance costs among counties, it was decided to 
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use the average maintenance costs established by PennOOT 
of $17 .600 per highway-mile , or $440,000 over the 25-year life 
of the highway for rural interstate pavements, as the basis 
for this study. Using the 30-70 rule (30 percent by YMT and 
70 percen t by ESALs) for allocation of truck cost yields a 
life cycle value of $347 ,072 per mile of highway or 79 percent 
of total routine maintenance. 

Truck Weight Enforcement 

PennDOT has a law enforcement division for inspecting, is
suing citations for fines, and confiscating the trucks of op
erators who violate the weight limit and back hauling laws. 
PennDOT's estimate of the department's costs associated only 
with enforcement of the truck weight laws on I-80 is $393,000 
for 1990. Estimating the same amount for 25 years and di
viding by 300 million tons over this period results in 0.01 cents 
per ton-mile, or 84 cents for a five-axle semi-trailer round trip 
on I-80. 

Summary of Facility Costs 

Table 1 presents a summary of the average facility costs for 
trucks. These facility costs are, in principal, recovered in 
Pennsylvania through user fees and taxes . The facility costs 
are not recovered within any single year but over the entire 
life of the facility. The basis of distribution for this analysis 
is commercial tonnage of freight. Therefore, the life cycle cost 
of the facility is divided by the total life cycle average of 
297 ,000,000 tons of freight. This converts to a freight cost per 
ton-mile of approximately 2.2 cents. This equates to 30 cents 
per mile of travel for a 5-axle semi-trailer based on an average 
cargo weight of 13.5 tons . 

The 25 individual sections of I-80 had fairly large variations 
in the cost per mile of travel for a five-axle semi-trailer ranging 
from a low of 18 cents per mile to a high of 51 cents per mile, 
with an average of 30 cents. The large variations in costs are 
due to three variables: tonnage on each ection, overlayment 
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or reconstruction of the section, and the year in which it was 
constructed. 

USER TAXES AND FEES 

One of the basic premises of highway transportation is that 
vehicle owners and operators pay for the use of highways in 
direct proportion to the co t of constructing and perpetuati ng 
the highway system. User financial support for the highway 
system is funclionally classified according to a three-tiered tax 
structure. The first consists of fees and charge unrelated to 
the mileage driven by an operator. It is often considered to 
be the basic "entry fee" to the road network. The second 
consists of fees and charges related to miles driven on the 
highway system. Typically, the second-tier tax is a fuel tax. 
A third-tier tax introduce weight and distance into the user 
charge computation. A third-tier tax highlights the difference 
in road damage attributable to vehicle weight (or more ac
curately, axle-loadings). Pennsylvania user fees and taxes can 
be categorized as first- and ·econd-tier taxe . Currently, there 
are no third-tier taxes in Pennsylvania. 

In addition to the functional three-tier classification, user 
charges are categorized by federal, state, and local jurisdic
tion . Highway u er fee account for most of the financial 
resources spent on the state highway system, including the 
federally supported system. Local government funding sources 
for highways and roads are generally not related to use . Tra
ditional local funding ources include properly taxes, general 
funds, bond proceeds, and the like. This study focuses on the 
Interstate highway system and therefore excludes local gov
ernment nonhighway user taxes. 

Allocation of State and Federal User Taxes and Fees 

Allocation of user taxes and fees involves a three-step process: 
(a) identification of federal and state sources, (b) allocation 
of taxes and fees to the I-80 corridor, and ( c) determination 

TABLE I Life Cycle Facility Costs 

Period 1966-1980 (all$ figures are 1989 costs) 

$pcrMile $per Ton- $per Mile 
of Highway Mile of Freight• Mile of Travel 

All Vehicles Trucks Trucks 5 Axle Comb. 

Initial Construction 
Right-of-Way 236,172 80,913 .00027 .00368 
Bridges 913,352 720,452 .00243 .03275 
Roadway 4,42J.8JS J.:iH1J2 .fil.lli ..illU 
Subtotal 5,643,362 4,346,104 .01464 .19755 

Rehabilitation 2,219,355 1,750,627 .00589 .07957 

Maintenance 
Snow Removal 300,000 161,790 .00054 .00735 
Routine 440,000 347,072 .00117 .01578 
Weight Enforcement ~ ~ .QOOll .@.ill 
Subtotal 772,500 541,362 .00182 .02461 

1UfAL 8,635,217 6,638,093 .02235 .30173 

• Based on 297 million tons of freight hauled on 1-80. 
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of truck-contributed taxes and fees. The results of this process 
are discussed in the next two sections. (All taxes and fees are 
for 1989.) 

State User Taxes and Fees 

A major source of fees by Pennsylvania highway user are 
registra tion fees paid to the Motor License Fund. Registration 
fees, including vehicles in the Internationa l Registration Plan 
(IRP), are allocated to the I-80 corridor on the basis of daily 
vehicle-miles of travel (DVMT). Regi tration fees, statewide 
for commercial registration class 7-25 trucks were $59,907 059; 
$982 417 for registration class 7-25 farm trucks; and $19,617,000 
for trucks registered in IRP. Other stat e fir t-tier taxes, which 
include title fees, operator licenses, vehicle code fees , in
spection stickers, special hauling permits , and other fees , are 
allocated on the basis of DVMT. In addition, treasury interest 
accumulated on the funds are also allocated by DVMT. The 
distribution of these other state fees and registration fees are 
presented in Table 2 for 1-80 truck operations . 

Fuel taxes are the principal source of state revenues for the 
Motor License Fund , Pennsylvania's transportation fund. The 
liquid-fuel tax, or gasoline tax, is assessed at 12 cent per 
gallon on motor vehicles. The fuel-u e tax or diesel tax, is 
also 12 cents per gallon for motor ve hicles. The oil company 
franchise tax is calculated at 6 percent of the average whole
sale price of petroleum products from a 90 cent per gallo n 
minimum to a $1.25 per gallon maximum. T his ra te is ab
sorbed in the retail price of motor vehicle fuels . The motor 
carrier road tax is a tax on motor carriers with gross vehicle 
weights of more than 17 ,000 pounds. The rate consists of a 
12 cents per gallon excise tax, plus the oil franchise tax rate, 
plus an additional 6 cents per gallon. Credit is allowed for 
purchases of fuel in Pennsylvania up to the combined excise 
and oil franchise tax rate . State fuel taxes attributable to truck 
operations on the 1-80 corridor are presented in Table 2. A 
total of $28 million was collected in 1990. 

TABLE 2 Truck User Taxes and Fees 

Taxes and Fees, 1989 $ 

State Federal 

Registration Other Fees 
Vehicle Group Fees & Interest Fuel Taxes Fuel Taxes 

2 Axle S.U. 340,080 126,855 637,025 475,031 
3 Axle S.U. 118,300 29,021 599,810 391,226 
4 or more Axle S.U. 83,366 16,331 394,036 251,464 
3 Axle Comb. 84,213 39,798 509,051 324,863 
4 Axle Comb. 567,145 214,032 2,737,685 1,747,120 
5 Axle Comb. 6,129,248 1,714,772 21,933,619 13,997,472 
5 Axle Multi-trailer 296,838 83,046 1,085,333 692,632 
6 or more Axle Comb. 37,909 10,606 141,689 90,422 

ALL TRUCKS 7,657,099 2,234,461 28,038,248 17,970,230 

S.U. - Single unit b'Uck 
Comb. - Tractor and semi-trailer combination 
Multi-trailer - Tractor, semi-trailer, and trailer combination 
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Federal User Fees and Taxes 

Federal user taxes and fees collected from each of the 50 
states are allocated to the states on a formula basis that does 
not necessarily equate to the federal taxes and fees actually 
collected in that state. Historically, Pennsylvania has received 
back 114 percent of its payment into the federal fund. How
ever, in fiscal year 1989, the state received only 86 percent. 
For the purposes of this analysis no di tinclion is made be
tween payments into the fund and apportionments from the 
fund, since this is beyond the scope of this study. 

Federa l fuel taxes consist of a 9 cents per gallon tax on 
gasoline and a 15 cents per gallon tax on diesel and are the 
major sou1·ces of federal revenue to the Federal Highway 
Trust Fund. T he same procedure for allocating state fuel taxes 
is used for federal fuel taxes. The distribution of these taxes 
to the 1-80 corridor are presented in Table 2. A total of $18 
million was attributed to the 1-80 corridor in 1990. 

The distribution of the 12 percent federal sales tax on trucks 
and trailers are allocated to the 1-80 corridor on the basis of 
daily vehicle miles of travel (DVMT). Trucks under 33 ,000 
lbs and trailers under 26,000 pounds are exempt from the 
federal sales tax. Included in Table 2 is $7. 5 million of the 
federal sales tax attributable to vehicles operating on the 1-
80 corridor . 

The federal tire tax is a variable tax based on the weight 
of the tire . Tire weighing under 40 pounds are exempt . The 
tire tax is calculated as fo llow : 15 cent per pound for tire · 
weighing 40 to 70 pounds, $4.50 plus 30 cents per pound for 
weight from 70 lb to 90 lb, and $10 .50 plus 50 cent per pound 
for weight over 90 lb. The tire tax is distributed statewide on 
the basis of annual tire consumption and allocated to the 1-
80 corridor on the basis of DVMT. Included in Table 2 is $1.4 
million of the federal tire tax attributable to trucks operating 
on I-80. 

As the name implies , the federal heavy-use tax is a fee 
assessed on heavy vehicles . The fee is $100 plus $22 per 1 000 
lbs for vehicles weighing 55,000 to 75,000 lbs. Vehicles heavier 

State and Federal 

Heavy All Taxes & Fee Per 
Sales Tax Tire Tax Use Tax Fees ton-mile 

2,195 40,886 IO 1,622,082 1.2¢ 
19,314 18,927 498 1,117,096 3.4¢ 
69,416 51,930 43,939 910,482 0.6¢ 
12,898 16,297 442 987,562 4.3¢ 
69,892 56,347 7,291 5,399,512 3.3¢ 

6,677,465 1,238,780 3,363,823 55,055,179 0.9¢ 
581,816 46,473 261,474 3,047,612 0.8¢ 
56,097 4,254 28,154 369,131 1.1¢ 

7,489,093 1,473,894 3,705,631 68,568,656 1.0¢ 
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than 75,000 pounds are charged $550. Farm trucks travel.ing 
less than 7 ,500 mi per year are exempt, as are all commercial 
trucks with annual VMT of less than 5,000. Federal heavy
use tax calculations are based on 1-80 operating weights and 
allocated on the basis of DVMT. Included in Table 2 is $3.7 
million of the federal heavy use tax attributable to trucks using 
the 1-80 corridor. 

Summary of User Taxes and Fees Allocation 

Total state and federal user taxes and fees attributable to 
trucks on the 1-80 corridor are presented in Table 2. The five 
axle tractor semi-trailer combination pays 80.3 percent of the 
truck taxes on the corridor. This compares with 72 percent 
of the 1-80 five-axle DVMT and 87 percent of the total I-80 
ton-miles. The five-axle combination pays 12.6 cents per mile 
or 0.9 cents per ton-mile in user taxes and charges to operate 
on the corridor. The 0.9 and 0.8 cent per ton-mile for the 
five-axle combination and five-axle multi-trailer, respectively, 
are significantly less than other less efficient trucks with smaller 
average payloads. 

VEHICLE OPERATING COSTS 

Overview 

Vehicle operating costs form a major basis of the prices truck
ers charge to move commodiLie aero s the national Interstate 
system. Vehicle operating costs are split into two major groups; 
fixed costs, which are independent of vehicle utilization , and 
variable costs which vary directly with utilization. Fixed costs 
are significant and includes items such as depreciation, inter
est, driver salaries, and general trucking overheads. Fixed 
costs must be covered by the truck operation if long-term 
service to customers is to be offered. 

Variable costs relate to distance traveled, and include fuel, 
oil, tire-wear, and vehicle repair and maintenance costs . Con
siderable knowledge has developed over the last 50 years on 
the relationship between variable costs and highway design 
characteristics. However, much of this information is not eas
ily transferable over time . Since vehicle technology (for ex
ample, engine and transmission design) changes over time, 
so do con umption rates, which alters the ba. ic relationships 
between vehicle costs and highway characteristics. However, 
work on truck cost model calibration has increased in recent 
years and is reflected here. 

Most highway economic evaluation models are structured 
to allow highway planners to choose between alternative de
sign strategies . To achieve thi they use economic resource 
prices (net of taxe and ocial transfers) and not the various 
financial inputs required for a comparative rate study. How
ever, some of these inputs, like user truces and fees , have 
already been calculated in the previou ·ection . Therefore, 
traditional highway de ign vehicle operating co t models can 
be used with a slight modification to reflect overhead costs . 

After a comprehensive literature review, two approaches 
were adopted for the f-80 tudy. First , a tradilional base set 
of vehicle operating costs using well-known relationships ini
tially developed by Zaniewski for highway design work , was 
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predicted (5). Thes were first prepared in 1982 and hav 
ubsequently been updated as a part of an NCHRP project 

(6) . These methods predict both fixed and variabl costs and 
allow a ba ic operating co t per mile f travel to be deter
mined , excluding profitability and social transfers such as state 
taxes. As a consistency check, a second approach examined 
truck costs predicted from a model developed for the Asso
ciation of American Railroads (AAR) to examine policy 
tradeoffs between various commodities and modes, particu
larly truck and rail. 

Vehicle Operating Cost Predictions 

First examined was a set of vehicle operating costs requiring 
the geometric characteristics of 1-80 as input. The method
ology for the calculation of the vehicle operating cost i rel
atively imple. Each of the vehicle operating co t components 
(as described below) are calculated fo r 1,000 mi of travel using 
the N HRP equation. , which are then multiplied by 1989 
unit prices in order to obtain the operating cost pe r L ,000 mi 
fo r each component. The sum of the e component co t i 
the total vehicle operating cost. 

Zaniewski's relationships were used to predict four truck 
types with the foll wing gross vehicle weight : single unit two
axle , 12,000 lbs; single unit three-axle, 35,000 lbs; four-axle 
semi-trailers, 40,000 lbs; and five-axle semi-trailers, 62,500 
lbs . The five-axle semi-trailer (or 18 wheeler) is a critical 
vehicle in these calculations, accounting for nearly 87 percent 
of the ton-miles on 1-80. 

Truck operating co ts derived from the Zaniewski rela
tion hips were found to be inconsist~nt for negative grades 
(5) . Accordingly, tangent (zero-grade) ections and positive 
3 percent grades were averaged to produce an appropriate 
figure for rolling te rrain . The initial results from the basic 
equations did not report all items l.ike inte rest cha rges and 
driver salaries. Consequently, revisions were necessary , in
cluding removal of user fees and taxes, more accurately 
estimated in this study for the 1-80 corridor. The elected 
components predict a total cost-per-mile of 58 cents for a two
axle single unit , 79 cents for three-axle single units 90 cents 
for four-axle semi-lrailers 93 cents for five-axle semi-trailer 
units, and $1.13 for five-axle multi-trailer units. 

The results from the highway design models were next com
pared with predictions from the AAR intermodal policy truck 
cost model. The truck cost model is interacti ve, allowing the 
user to select commodity type, shipment size, and length of 
haul. Model output includes total cost for the selective move
ment in dollars, dollars per ton, cents per mile, and cents per 
ton-mile . 

A base case was developed using a detailed range of inputs 
reflecting the differences between company and owner-driver 
vehicle . Owner-drivers are unable to get the price discounts 
on new vehicles offered to companies , and also prefer more 
options, which raises the puJcha e price ($60,010 for company 
versus $81,415 for the owner-driver) and , therefore, the cost 
per ton-mile estimates. There are other ignificant input dif
ferences between company and owner-driver vehicles. As an 
example , the five-axle emi-trailer driver wages are higher for 
company than owner-driver operations, $33,583 versus $30 066 
per year fuel con umption is slightly better (5.8 versus 5.4 
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mpg) for reasons not explained in the model; and tractor 
maintenance is 2 cents per mile higher for owner-drivers, 
which again is somewhat unexpected. 

The results show that company costs for five-axle single 48-
ft trailer units are 96 cents per mile, compared with $1.03 for 
owner-driver . These translate into $14.67 and $15.70 per ton , 
or 4.70 and 5.03 cent per ton-mile, for company and owner
driver operations , respectively. The highway design model 
predictions for five-axle trucks and those from the AAR models 
are imilar, 93 cent per mjle from the highway design models 
and 96 cents per mile from the AAR models. For the purpo es 
of this research the highway de ign vehicle operating cost 
predictions are reported in the sy tems cost matrix. 

EXTERNALITIES 

Economic Cost of Truck Accidents 

In evaluating the economic costs of truck related accidents 
at least five major co t component · need to be addre sed: (a) 
accident damage of all types (b) time delay cost to other 
u ers , (c) fuel and operating costs , (d) clean-up costs asso
ciated with accidents ; and (e) emergency and police co t 
attributed to trucking operations. 

Accident Costs 

Accident costs consist of all property damage imd injury
related co ts such as lost income medical expen es , and pain 
and suffering. The PennDOT accideDt data base for 1-80 is 
used with annual averages determined from time series data 
during a 5-year period. There was an average of 488 serious 
truck accidents per year on T-80 during the period 1985- 1989, 
classified into five categories ranging from property damage 
only to fatali ties. PennDOT co ts for each category were used 
to determine a total 5-year truck cost impact of $139 million . 
This averages to $27.7 million per year for the entire I-80 
route or $89,208 per mile per year. 

Examining all reported 1-80 acciden ts during the 5-year 
period yields a valu of $157 000 per mile per year , partly 
becau e of the large numb r of co ·tly fatalitic (109) and 
major injuries (235) . Resul ts from other urban tudies show 
that the average annual cost per mile for urban truck accidents 
was $182,000 compared to this study's estimate of $89,208 for 
rural interstate travel. This shows the magnitude of rural and 
urban accident impacts, and demonstrates that the 1-80 data 
appear consistent with national figures. 

Delay Cos1s 

Delay costs are defined as the monetary value of 01:cu1 ant 
time lo t as a consequence of delay imposed by truck-related 
incidents. Only delay created during the accident period or 
incident is auributable to vehicle related accident . Thus, de
lay at normal peak period congestion must be removed from 
delay calculations. In rhi, study an adjusted medium value 
of $4.25 per hour was employed for automobile occupant 
time, which approxi mates lO the U.S . current minimum wage. 
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This value was multiplied by 1.3 for every vehicle to com
pensate for average vehicle occupancy. Similar, a value of 
$25.00 per truck-hour with no occupancy adjustment factor 
was used, which approximates the national average for driver 
salary and overhead. An average delay of 13 min per vehicle, 
per truck accident, was applied to estimates of the affected 
traffic volume per vehicle category (7). The 488 average an
nual truck accidents on I-80 result in a total delay costs of 
approximately $1.5 million, which when divided by the route 
miles gives an annual figure of $4,853 of delay costs per mile 
of highway attributable to truck accidents. 

Vehicle Operating Costs 

Additional vehicle operating co t are created when conges
tion result from incidents. 1l1e primary component o.f ad
ditional vehicle operating co ts caused by truck accidents, is 
increased fuel consumption resulting from delay and peed
cycle change . T he estimated increa ed operating cost of $947 
for 17.4 minutes of delay (7) was adjusted to reflect the I-80 
delay estimate of 13.2 min per affected vehicl.e re ·ulting in 
an operational co t of $718 per truck accident. Taking the 
average number of accidents ( 488) and dividing by route-mile 
r ult. in an average of $1,127 per mile of highway. 

Cleanup Costs 

Cleanup costs are defined as the costs to public agencie and 
private organizations for removing accident debri from the 
roadway and return.ing 1he roadway to serviceable condition . 
The cleanup costs re ulting from truck accident vary dras
tically according to the type of accident and the cargo being 
transported and are difficult to determine. The California 
Department of Tran portatioa e timated that the 6,700 to 
8 000 annual truck accidents on the Los Angeles County Free· 
way System cost from $500,000 to $2,000,000 for cleanup (7). 
Employing these data results in an approximate cost of $250 
per accident which for I-80 would give a total of $122,000 for 
the 488 annual truck accidents, or $392 per mile of highway. 

Emergency and Police Costs 

There is no dedicated highway patrol system for I-80, so the 
analysis is based on alternative sources. Costs attributed to 
the Pennsylvania Turnpike are comparable to the I-80 cor
ridor, and their data reported a cost of $10,898,000 for 1989 
Highway Patrol activities, excluding costs associated with truck
weight enforcement. I-80 costs per mile were estimated from 
the average 1989 cost of $14,022 per mile for the Pennsylvania 
Turnpike Highway Patrol. 

Total Truck-Accident-Related Costs 

Total estimated truck-accident co ·t from the preceding cat· 
egories amounted to an average co t per mile of highway of 
$109,602 for I-80. Expanding this annual per mile cost esti
mate over the 311 mi of 1-80 results in a total annual route 
cost of about $34 million. 
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TABLE 3 1-80 Truck Emissions• 

Emissions 

Grams Annual 
Pollutant (ton-mile)b (tons)0 

Hydrocarbons (HC) 0.292429 2,128 
Carbon Monoxide (CO) 0.838110 6,098 
Nitrogen Oxides (NOx) 2.585310 18,811 
Particulate Mauer (PM10) 0.358813 2.ill 

TOTAL 29,648 

•Based on diesel-powered trucks exceeding 20,000 lbs gross vehicle 
wcigh1. 
b From Weaver, C.S., "Feasibility and Cost-Effectiveness of 
Controlling Emissions from Diesel Engines in Rail, Marine, 
Conslnlction, Farm and other Mobile Off-Highway Equipment," 
Radian Corporation, Washington, D.C., 1988. 
"Based on 6.6 billion annual diesel ton-miles on 1-80. 

Truck Emissions 

Emissions from diesel engines used in motor vehicles have 
been regulated with increasing stringency ince 19 0. As an 
example, federal regu lations limited particulate matter (PM) 
emission from heavy-duty die el engines to 0.6 gram per 
brake horsepower-hour (g/BHP-hr) for the 1988 model year. 
The nitrogen oxides emissions limit wa also reduced to 6.0 
g/BHP-hr level. New particulate limitS for trucks of 0.25 g/ 
BHP-br are scheduled to take effect in late 1991 , with a re
vised limit of 0.1 g/BHP-hr for 1994. Because these limit only 
apply to new units, it will be ome rime before all vehicles 
can comply with th.e cleaner standards. ln the meantime truck 
engines will how a wide range of emissions performMce. 

Using the vehicle ton-miles of travel calculated in the traffic 
section of this study, some broad e ti mates can be made about 
1-80 truck emissions for four key die el truck pollutant : hy
drocarbons, carbon monoxide, nitrogen oxides, and partic
ulate matter. These are presented in Table 3, which estimates 
29,648 ton of pollutants annually from trnck traffic on l-80. 
Curr~ntly, it is difficult to place monetary value on such 
pollutant levels, particularly as I-80 in Penn ylvania doe not 
pass through a nonattainment area. Air pollution of the type 
generated by truck traffic has always been lreated a an ex
ternality, although this view is rapidly changing with the recent 
federal air quality legislation . Although this study does at
tempt to value the truck pollution monetariJy. it has reported 
it as a nonmonetary social burden. 

CONCLUSIONS 

In this final section, system cost inputs from the previous 
sections are combined to identify both supported and incurred 
system truck costs over the 1-80 corridor. A limitation of 
traditional highway cost and revenue analy es (as seen in most 
highway.cost allocation methodologies) is that important costs 
related to lransportation operations are excluded. Thi limi
tation has significant ramifications wben evaluating and com
paring the cost of intermodal freight operations. Failure to 
consider all economic costs associated with transportation op-
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erations can lead to inefficient public and private investment 
in freight infrastructure. 

Table 4 presents a summary of the supported system costs 
for l-80 on the basis of cost per ton-mile of freight and average 
truck costs per mile assuming a 13.25 average ton payload. 
Additionally, five-axle tractor and semi-trailer costs per mile 
of travel (13 .5 ton payload) are shown. The five-axle tractor 
and semi-trailer is the predominant vehicle operating on the 
I-80 corridor. Under existing policy, supported system costs 
include vehicle operating costs and user taxes and fees (the 
vehicle operating costs for using the highway facilitie ). On 
average trucks paid 8 cent per ton-mile or $1.07 per mile of 
travel in 1989. The predominant five-axle vehicle paid only 
slight less, $1.06/mile of travel. These supported system costs 
are the expenses currently paid by truck operators. 

Table 5 presents a summary of the incurred system co t . 
Unlike upported system cosrs actual costs to the facilities 
are used in place of the user taxes and fee paid by truck 
operator . Additionally , accident externalities are included. 
(Emission should be included as a cost, but are reported 
eparately for rea. ons ·tated previously.) Not surprisingly, 

the incurred truck ystem co ts are higher. Actual facility costs 
are l23 percent higher than the paid truck user taxes and fees. 
Externalities (i.e. accidents and related costs) , amoltnt to 0.5 
cent per ton-mile or about 7 cents per mile of highway travel. 
Comparing the incurred y tern co t with lhe upported sy -
tem costs result in a truck ubsidy of 1.7 cents per ton-mile 
or 23 cents per mile of truck travel. In total dollar amounts, 
this results in an annual truck subsidy of about $458,741 over 
the 1-80 corridor in 1989 dollars. (Life cycle facility costs are 
converted to an annual amount based on a 7 percent annuity 
for 25 years.) 

Absent from these monetary results is the issue of emis
sions, since there is as yet no agreed methodology for cal
culating such costs. The average five-axle truck emits about 
4 g of pollutants (hydrocarbons, carbon monoxide.s, nitrogen 
oxides, and particulates) per mile of travel on I-80. Since this 

TABLE 4 Truck-Supported System Costs 

Cost per Cost per 
Ton-Mile of Freight Mile of Travel 

Cost Category All Trucks All Trucks 

User Taxes and Fees $.0100 $.1325 
Vehicle Operations U1ilQ ~ 
TCYTAL $.0806 $1.0680 

TABLES Truck-Incurred System Costs 

Cost Category 

Facility 
Vehicle Operations 
Externalities 
TCYTAL 

Cost per 
Ton-Mile of Freight 

All Trucks 

$.0223 
$.0706 
~ 
$.0979 

Cost per 
Mile of Travel 

All Trucks 

$.2955 
$.9355 
~ 

$1.2973 

5Axle 
Combinations 

.$.1253 
UlH 

$1.0567 

5Axle 
Combinations 

$.3017 
$.9314 
Uill. 

$1.3005 
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highway does not pass through an Environmental Protection 
Agency (EPA) nonattainment area, the di persion problem 
i unlikely to be a significant i ue , with the important ex
ception of global warming and acid rain. It remains an un
palatable fact that truck produce around 30 000 ton of pol
lutants annually along the l-80 alignment in Pennsylvania, an 
issue which may be of growing concern to the state in the 
1990s. 

To summarize truck traffic on the Pennsylvania section of 
1-80 is not paying the full costs of sustaining the sy tem for 
the operation of heavy vehicles. The key underpayment i io 
funding the facility co ts through user taxes and fees and Lhi 
deficit is compounded by operating cost externalitie imposed 
on other u -er and entities. Operating cost per mile for trucks 
need to be increased by around 22 percent to maintain the 
truck freight operation over l-80 in Pennsylvania without 
subsidies. l'he increase in truck u er contribution i nece ary 
to achieve full economic and equitable modal competi tion. 
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