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Federal Truck Size and Weight Study 

JOSEPH R. STOWERS, HARRY S. COHEN, JOSEPH H. SINNOTT, HERBERT WEINBLATT, JOSEPH R. MORRIS, AND JOHN Di RENZO 

The report to Congress that has recently been prepared in response to a direc
tive by the Congress to examine the need for, and desirability of, uniformity in 
maximum truck length and weight limits throughout the United States is sum
marized. Several alternative changes to federal limits on truck length and weight 
are investigated, and the impacts that these changes would have on truck pro
ductivity, modal diversion, freight costs, pavement and bridge costs, safety, 
energy, air quality, and noise are estimated. Also estimated was the present 
value of forecast cumulative changes in transportation and highway system 
costs. It was found that increases in truck length and weight limits within a 
substantial range provide sufficient transportation cost savings to pay for dam
age done to the highway system under changes in the limits. However, if limits 
are increased without a corresponding increase in highway system expenditures, 
then the condition of pavements and bridges in the United States would deteri
orate, which would, in turn, affect the motor vehicle operating costs, travel 
speeds, and circuity experienced by highway users. 

The federal government has been involved in the reg
ulation of truck size and weight limits on the In
terstate system since the passage of the Federal-Aid 
Highway Act of 1956. In the Federal-Aid Highway 
Amendments of 1974 the Congress set limits to truck 
size and weight by providing for 20 ,000 lb on a 
single axle, 34,000 lb. on a tandem axle, and 80,000 
lb for the gross vehicle weight (GVW); these limits 
are further controlled by a formula that limits the 
total weight in accordance with axle spacing. 

As of January 1, 1981, six Mississippi Valley 
states (generally called the barrier states) had 
gross weight limits for the Interstate system at the 
lower levels provided for in federal legislation be
fore 1974 (i.e., 73,280 lb). Five Mississippi Val
ley states plus Montana had axle limits less than 
the current federal limits of 20,000 lb for single 
axles and 34,000 lb for tandem axles on the Inter
state system. 

A much greater number of states have limits 
greater than the current federal Interstate stan
dards under a grandfather clause provision of fed
eral highway law. Most of the northeastern and 
southeastern states have higher axle limits, which 
are often even higher off the Interstate system. 
Higher gross limits are common among western states, 
particularly off the Interstate system. In addi
tion, only 36 states allow the operation of "dou
bles" (tractor-semitrailer-trailer or truck-trailer) 
on some or all of their highways, 4 allow only a 
60-ft length, and 2 permit only 55 ft. 

This disparity in size and weight limits makes it 
difficult for truckers engaged in interstate hauling 
to operate efficiently. A trucker whose operations 
cross several state borders must either configure 
his rig to comply with the lightest axle or gross 
weight limits (and thus reduce payload) or route his 
trips to avoid states that have lower limits (and 
thus add time and mileage); either alternative re
sults in higher costs per ton of cargo. A third al
ternative is to run illegally in states that have 
lower limits and accept the risks of detection and 
consequent delays and fines. Some truckers choose 
this alternative. 

In response to these and other related problems, 
Section 161 of the Surface Transportation Assistance 
Act of 1978 directed the Secretary of Transportation 
to examine the need for, and desirability of, uni
formity in maximum truck size and weight limits 
th'roughout the United States. A summary of the re
port to Congress (1,2) that was prepared in response 
to this directive is-presented in this paper. 

APPROACH 

The federal truck size and weight (TS&W) study ana
lyzes the impacts of changes to federal limits on 
truck length and weight under 10 alternatives, or 
scenarios, that specify truck size configurations 
and weight limits to be evaluated, as well as the 
extent of the highway system to which the limits 
would apply and the degree of required conformity by 
the states. These 10 scenarios consist of a base 
case and 5 categories of changes in current federal 
truck length and weight limits. 

The base case is an extrapolation to 1985 of re
cent trends in truck activity, with no changes in 
the federal or state limits that were in effect on 
January 1, 1981. It serves as a benchmark against 
which benefits and costs for the various scenarios 
are compared. The five categories of changes in 
limits are 

1. Grandfather clause elimination, 
2. Barrier elimination, 
3. Uniformity (eliminate barriers and grand

father clause) , 
4. Rollback to pre-1974 limits (retain grand

father clause), and 
5. Increases in limits (eliminate barriers and 

retain grandfather clause) . 

The data in Table l describe the scenarios. Jan
uary 1, 1981, truck width limits are assumed to re
main in effect for all scenarios because proposals 
to increase truck width were not under active consi
deration when this study was initiated. 

All impacts are expressed in terms of changes 
from the base case. They have been estimated as an
nual costs for 1985 for all impacts, except for 
costs for reconstruction of existing bridges, which 
are one-time costs. 

In order to provide a uniform basis for comparing 
scenarios to the base case the present value of 
forecast cumulative changes in costs has been cal
culated for each scenario. These present values 
have been calculated by summing all projected future 
impacts (cost changes from the base case for all 
future years) and discounting them by 10 per
cent/year in real terms. 

Findings are reported at the national level for 
all impact areas. In addition, regional results are 
reported for some of the most significant impacts. 
The regions are mapped and defined by name in Figure 
1. The reg ions have been defined so as to group 
contiguous states with relatively similar current 
TS&W limits. This has been done in order to facili
tate the analysis and reporting of impacts of possi
ble changes in federal limits, including the impacts 
of achieving greater uniformity. 

The state TS&W limits as of January 1, 1981, can 
be characterized by region as follows (federal 
limits apply unless otherwise indicated): 

1. Northeast--high axle limits; 65-ft doubles 
are not permitted (except in Delaware and Maryland) ; 

2. Southeast--high axle limits (except in Vir
ginia and West Virginia); 65-ft doubles are not per
mitted (except in Florida); 

3. Mideast--65-ft doubles are permitted; Michi
gan has very high GVW limits; 
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Table 1. Definitions of TS&W scenarios. 

Scenario 

A 
B 
c 
D 
E 

F 

G 

H 

K 

Short Title 

Base case 
Grandfather clause elimination 
Grandfather clause elimination 
Barrier (weight only) elimination 
Barrier (weight and length) elimination 

Barrier elimination 

Uniformity 

Rollback 

Increased weights 

Low axle, formula A 

Figure 1. Regions used in Ts&W study. 

Affected Highway 
System 

Interstate 
Interstate and primary 
Interstate 
Interstate 

Interstate and primary 

Interstate and primary 

Interstate and primary 

Interstate and primary 

Interstate and primary 

4. Southern barrier--lower axle limits and GVW 
limits (73,280 lb); 65-ft doubles are 

5. Midwestern barrier--lower GVW 
lb) and lower axle limits (except 
65-ft doubles are permitted; 

not permitted; 
limits (73,280 
in Illinois) ; 

6. North Central--65-ft doubles are permitted; 
7. West Central--65-ft doubles are permitted; 

h iqher GVW limits on other primary hiqhways; Ne
braska has low axle limits, low GVW limits on the 
Interstate, but allows high GVW on the Interstate by 
permit ; Wyoming and Colorado have high axle limits 
for tandems; 

8. Southwest--65-ft doubles are permitted; New 
Mexico has ·high axle limits and GVW limits; 

9. Northwest-- 65-ft doubles are permitted; high 
GVW limits on other primary highways and by permit 
on Interstate; 

10. Alaska--65-ft doubles are permitted; high 
GVW limit; and 

11. Hawaii--65-ft doubles are 
single-axle limit; high GVW limit 
highways. 

permitted; high 
on other primary 
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Definition 

Current federal TS&W limits and current state limits 
Elimination of all grandfathered limits on the Interstate system 
Elimination of all grandfathered limits on the Interstate and primary systems 
Elimination of all weight barrier limits on the Interstate system 
Same as for D, but also includes elimination of all length limits of less than 65 ft for 

all combinations permitted by a state on the Interstate system 
Strengthens E by extending federal limits to primary system and by eliminating 

states' power to prohibit doubles of up to 65 ft 
Elimination of all grandfathered limits and all limits below those specified in Section 

127 (the barrier limits) on the Interstate and primary systems; also, length limits 
must be at least 65 ft on all combinations permitted by a state 

Reduces all federal limits to pre-1974 levels and extends applicability to primary 
system 

Increases federal axle weight limits to higher levels prevailing in several states; re· 
moves GVW limits, but substitutes higher bridge formula C for current formula B; 
JHU!ti\Jils barrier limits; and ex tends appllcabll!ty to primary system 

Eliminates GVW limit to permit heavier trucks, but limits these trucks by the lower 
pre-1974 axle limits and bridge formula A; prohibits length limits for combinations 
of Jess than 65 ft; prohibits barrier limits; and extends applicability to primary 
system 

DISCUSSION OF SCENARIOS 

•rruck Prod uc tivit y 

From the perspective of users of trucks there is 
great economic value in having the flexibility to 
choose vehicles and vehicle loadings that will meet 
their needs effectively and at a lowest cost. In
creases in TS&W limits will increase the allowable 
tonnage and volume of freight (per trip) that can be 
carried. Under these circumstances fewer trips and 
vehicle miles of travel (VMT) will be required to 
carry the same amount of freight. This improvement 
in truck productivity reduces truck costs. Con
versely, decreases in TS&W limits will increase 
trips and VMT and result in an increase in truck 
costs. The cost savings or cost increases will ac
crue to truckers, shippers, receivers, and con
sumers. The portion of cost savings or increase 
that each group receives depends primarily on the 
competitiveness of the affected markets. 

The effects of the TS&W scenarios on truck pro-
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ductivity, as measured by the impact on the truck 
freight cost per ton-mile, are shown in Figure 2. 

Elimination of the grandfather clause in scenar
ios B and C results in a worsening of truck produc
tivity in those states with limits that currently 
exceed the federal standard. 

The elimination of barrier limits in the six 
Mississippi Valley states with limits lower than the 
federal standard results in truck productivity im
provements for shipments into, within, and through 
these states. Extending the elimination of barrier 
limits from just the Interstate system (as in sce
narios D and E) to both the Interstate and primary 
systems (as in scenario F) results in substantially 
larger improvements in truck productivity. 

Scen'lr io G (the establishment of uniform TS&W 
limits by eliminating both the grandfather clause 
and barrier limits on both the Interstate and pri
mary systems) results in improved productivity for 
shipments into, within, and through the barrier 
states, and worsened productivity for shipments in 
states with grandfather clause limits. The net ef
fect of these changes is a modest improvement in 
truck productivity. 

Scenario H (the rollback of truck size and weight 
limits to pre-1974 levels) results in a worsening of 
truck productivity, primarily because the payloads 
carried by many trucks would have to be reduced. 
This decrease in payloads in turn results in more 
vehicle miles being required to carry the same 
amount of freight and correspondingly higher truck 
freight costs. 

Scenario J (increased weight limits) results in a 
substantial decrease in truck cost per ton-mile be
cause it allows carriers to load existing trucks 
more heavily and, in some cases, to shift to differ
ent truck configurations that have higher average 
payloads. The shaded portion of the bar for sce
nario J in Figure 2 (and in later figures) repre
sents the range of impacts for two variations of 
scenario J. These two variations differ only moder
ately in impacts to truck productivity and transport 
cost. They differ substantially in terms of pave-

Figure 2. Scenario impacts on truck productivity. 
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ment costs, however, and are discussed in the sec
t ion on Pavement Impacts. 

Scenario K also assumes the elimination of gross 
weight limits to permit heavier overall loads. 
Nevertheless, the lower pre-1974 axle limits and 
lower bridge formula A would be applied to these 
heavier trucks in order to reduce their impacts on 
pavements and bridges. This scenario results in 
cost savings due to productivity improvements about 
one-tenth the size of those for scenario J. 

Modal Diversion 

Choice of mode is only moderately sensitive to ship
ping costs and rates compared with other components 
of overall distribution costs and quality of service 
(including handling costs, reliability, security, 
and inventory costs). However, changes in TS&W 
limits will have little effect on these other com
ponents of distribution cost and quality of service 
because shipping costs and rates are the principal 
modal-choice factors that would be affected by TS&W 
limit changes. 

Changes in truck costs and rates result in some 
change in the selection of transport mode for some 
shipments. The most significant effect would be on 
competition between rail and truck. Higher truck 
rates would result in the diversion of some ship
ments to rail whereas lower truck rates would have 
the reverse effect. Changes in truck costs and 
rates could also have some slight effect on barge 
traffic (by affecting the competitiveness of truck 
and barge transport with rail transport) and on air 
traffic, but these effects on modal competition are 
considered to be minor, and they have not been ana
lyzed in this study. 

The effects of the alternative scenarios on rail 
traffic (billions of short-line ton-miles) are shown 
in Figure 3. The data in the figure indicate that 
the six scenarios that would reduce truck transport 
costs will also result in moderate diversion of 
traffic from rail to truck. The greatest effect 
would occur in scenario J, in which it is estimated 

COST SAVINGS • 

CHANGES FROM 
THE BASE CASE 

...,. COSTINCREASES 

ORANDF A THEA CLAUSE ELIMINATION 
B. lnlerstate System Only f I) 

C. lnlerslate and Primary 
System fl & P) 

BARRIER ELIMINATION 
D. Weight Only fl) 

E. Weight end length fl) 

F. Weight end length fl & P) 

UNIFORMITY 
O. Ellmlnale Grandlalher 

Clause and Barrier limits fl & P) 

REDUCTION OF LIMITS 
H. Rollback to Iha Pre-1974 

level fl & P) 

INCREASES IN LIMITS 
J. Increased Weight (I & P) 

K. Increases Sub)ecl to Low 
Axle limits and Bridge 
Formula A fl & P) 

-.5' 0 + .5' 
(-2.3%) ( + 2.3%) 

Changes In 1985 Truck Froight Cosls 
(Cents per Ton-Mlle) 
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that rail traffic would decline by about 27 billion 
ton-miles, or about 2 percent of 1985 base case rail 
traffic. Only a small amount of diversion from 
truck to rail will occur in the case of the grand
father clause elimination scenarios, and a moderate 
amount of diversion (about 13 billion ton-miles) 
will occur in the case of reduced weight limits. 

Figure 3. Scenario impacts on modal diversion. 
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Total Freight Costs 

The effects of the scenarios studied on total (truck 
and rail) freight costs are shown in Figure 4. The 
impacts shown are the net effect of changes in truck 
productivity and diversion to or from rail. 
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Figure 4. Scenario impacts on total 
freight costs. 
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E, F, G, J, and K) result in lower total freight 
costs for truck and rail combined. The scenarios 
that worsen truck productivity (B, c, and H) result 
in higher total freight costs for truck and rail 
combined. However, in both cases the magnitude of 
the changes in total freight costs is less than that 
due to changes in truck productivity alone. 

For those scenarios that improve truck productiv
ity, some of the cost savings due to improved pro
ductivity will be offset by cost increases due to 
diversion from rail to truck. Many shippers who 
shift from rail to truck may do so even though the 
shift results in increased shipping costs. Many 
shippers are willing to shift despite increases in 
their freight costs because truck offers shorter 
shipment times and more reliable delivery dates than 
raiL Conversely, for those scenarios that worsen 
truck productivity, some of the cost increases due 
to worsened truck productivity are offset by cost 
savings due to diversion from truck to rail. How
ever, those shippers who shift from truck to rail 
lose the shorter shipment times and more reliable 
delivery dates associated with truck transport. In 
balance, the effect of scenarios B, C, and H on 
those shippers who shift to rail is negative because 
they would choose to ship by truck in the base case 
and would shift to rail only when truck weight 
limits are decreased. The data in Figure 4 present 
only the net effects of all these factors. 

Pavement Impac ts 

Highway pavements are affected by changes in the 
number of trucks and truck axle weights. Pavement 
wear increases sharply with increases in axle 
weights. Thus higher axle weight limits tend to ac
celerate pavement wear, even though they reduce 
truck miles by allowing higher average payloads. 

Accelerated pavement wear affects the expenditure 
levels required by highway agencies to maintain the 
condition of the highways, primarily as a result of 
increased pavement maintenance costs and require
ments for more frequent or costly pavement overlays. 

Figure 5. Scenario impacts on pave
ment costs. 
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Although relatively little factual data exist re
g ar:ding recent trends in national average pavement 
conditions, the general consensus is that states 
have not been able to meet requirements to hold 
average conditions constant. For: those scenarios 
that would involve substantial additional require
ments, doubt exists as to the ability of the states 
to respond adequately. Inability to meet these re
quirements would result in greater long-term pave
ment resurfacing costs and increased vehicle operat
ing costs. 

The impacts of the TS&W scenarios on the pavement 
maintenance and overlay requirements in 1985 are 
shown in Figure 5. These estimates are based on the 
amount of work required to maintain the current con
ditions of the Federal-Aid highways. No analysis of 
impacts has been conducted for non-Federal-Aid high
ways, principally because both data and theory are 
lacking for: many of them. Because non-Federal-Aid 
highways are typically low-volume roads, the pave
ments for these highways often- reflect standard 
minimum designs; these pavements usually provide 
greater load-carrying capacity than the traffic that 
uses the highway requires. These minimum pavement 
designs are constructed principally to withstand 
non-traffic-related damage (e.g., environmental ef
fects), and modest c.hanges in truck traffic should 
have little effect on most of these highways. 
Nevertheless, because non-Federal-Aid highways com
prise most (80 percent) of the highways in the 
United States, modest incremental cost changes can 
amount to significant costs. In a small proportion 
of these highways that carry high-volume heavy truck 
traffic (e.g., coal-haul roads), weight increases 
can cause major pavement cost increases, particu
larly on routes that have low-quality pavements. 

In summary, the overall national effect of limit
ing pavement impacts to Federal-Aid highways is 
probably a fairly small underestimate of national 
costs, but the effects on a small proportion of the 
routes may be quite significant. 

Generally, those scenarios that allow higher axle 
weights result in more pavement costs. The excep-
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tion is the elimination of the grandfather clause on 
the Interstate system. Under this scenario some 
trucks would divert from the Interstate system to 
other Federal-Aid primary highways so that they 
could continue to take advantage of grandfather 
clause limits. Thus, although truck weights on the 
Interstate system would decrease (producing a reduc
t ion in Interstate system pavement ·costs) , truck 
weights on other primary highways would increase, 
thereby producing an increase in pavement require
ments on these highways. The net result is a small 
increase in pavement costs. 

Scenario F, which eliminates barrier limits on 
both the Interstate and primary systems, produces a 
large increase in pavement requirements. Under this 
scenario pavement maintenance and overlay costs 
would be about 4 percent higher than under the base 
case. In the barrier states pavement maintenance 
and overlay requirements would increase by about 14 
percent over the base case. 

Scenario J, which would allow the largest in
c teases in axle weights, results in the largest in
crease in pavement requirements. Two variations of 
scenario J were analyzed: the increase in pavement 
requirements might be as little as that shown by the 
solid bar in Figure 5 or as great as that shown by 
the shaded bar. 

In the first variation a substantial amount of 
freight traffic would shift from tractor-semi
trailers to short heavyweight doubles, which have 
more axles than tractor-semitrailers (doubles with 
short trailers that have tandem axles). Although a 
fully loaded short heavyweight double weighs more 
than a fully loaded tractor-semitrailer, its ':H~ight 

is spread over more axlesi therefore, it does less 
damage to pavements than the tractor-semi trailer. 
Under this variation pavement cost increases would 
be about $350 million. 

If the projected shift to short heavyweight dou
bles does not materialize, the impacts of scenario J 
on pavement requirements Gould bP. s1.1bstanti;i_lly 
worse. To quantify this effect, a second variation 

Figure 6. Scenario impacts on bridge costs. 
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on scenario J was analyzed for pavement impacts. In 
this variation there is no shift of freight movement 
between truck types. The only effects are that 
trucks run heavier to take advantage of the more 
permissive weight limits, and some traffic will 
shift from rail to truck. In this variation, the 
impact of scenario J on 1985 pavement maintenance 
and overlay requirements jumps to about $1. 5 bil
l ion, almost 14 percent higher than would be re
quired to maintain and overlay pavements to the 
constant average condition in the 1985 base case. 

Bridge Impacts 

The structural members of bridges are affected by 
GVW and axle spacings. Bridges are designed to 
withstand overstresses, but repeated applications of 
loads beyond those assumed in bridge desiign will 
produce adverse cumulative effects that may require 
that the bridge be rebuilt or posted to prohibit 
heavier trucks. 

The impacts of each TS&W scenario on costs re
quired to reconstruct those existing bridges that 
would have inadequate load-bearing capacities under 
each scenario are shown in Figure 6. The cost im
pacts for existing bridges have been calculated 
based on the assumption that all bridges that cannot 
carry legal loads (within permissible overstress 
criteria) under each scenario would be recon
structed. The costs for reconstruction of existing 
bridges are one-time costs. However, several years 
would transpire before the full impacts would be ex
perienced, and several years would be required to 
financ.:e et.nd uu.ii.gate l:.nese ex~enc1itu1~::;. Accortl
i ngly, it was assumed that these expenditures would 
be spread evenly over the 5-year period from 1981 to 
1985. 

The percentages given in Figure 6 indicate the 
bridge cost impacts as a percentage of projected 
capital outlay for bridges on state-administered 
highways over this period. However, note that 
states may choose to post bridges (or otherwise re-
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strict use to lighter vehicles) as an alternative to 
reconstruction. Through posting, states can save, 
or at least postpone, bridge reconstruct ion costs. 
The disadvantages of posting (as an alternative to 
reconstruction) are difficulty of enforcement and 
added circuity of truck travel, which results in 
higher goods movement costs and higher fuel consump
tion. 

Scenario J results in the largest increase in 
bridge costs for any of the scenarios analyzed. 
Bridge costs would increase in all regions under 
this scenario. The largest increases would occur in 
barrier states .!nd in those states that currently 
allow doubles but restrict gross weights to levels 
at or below the federal limit of 80, 000 lb. Under 
scenario J short heavyweight doubles that weigh 
about 105, 000 lb would become legal. This type of 
truck would exceed permissible overstress criteria 
for many long span bridges with low design loads. 

The largest savings in bridge costs would occur 
under scenario H, under which TS&W limits are rolled 
back to pre-1974 levels. Bridge costs under this 
scenario would be reduced in all regions except the 
barrier states, where the GVW limit is currently 
73,280 lb, as it was before 1974. 

The impacts of TS&W scenarios on costs required 
to construct new bridges so that they can handle 
projected traffic loadings have also been esti
mated. These impacts tend to parallel cost impacts 
for existing bridges in terms of the relations among 
scenarios, but they are far smaller in magnitude. 

Safety Impacts 

Safety impacts of changes in TS&W limits result from 
changes in the number of truck trips and the types 
of trucks used. Increases in TS&W limits tend to 
increase truck payloads and allow a given volume of 
freight to be moved with fewer trips. This effect 
tends to decrease the highway users' exposure to 
truck accidents. However, improvements in truck 
productivity associated with increases in TS&W 
limits create the potential for diversion of freight 

Figure 7. Scenario impacts on safety. 
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to trucks from other modes. In many cases the 
amount of freight diverted is of sufficient magni
tude to produce a net increase in accidents. 

One of the most contested issues in analyzing the 
safety impacts associated with TS&W limits is 
whether accident rates for double trailer trucks are 
higher than the rates for tractor-semitrailers. 
Recent safety studies produce conflicting results on 
this issue: some indicate substantially higher ac
cident rates for doubles, and others indicate no ap
preciable difference in the accident rates of doub
les and tractor-semitrailers. 

An intensive examination of truck safety con
ducted by Bio Technology, Inc. <ll has recently 
provided evidence from selected highway test sec
t ions indicating that accident rates for double 
trailer trucks are appreciably higher than the rates 
for tractor-semitrailers. This study, and in par
ticular this conclusion, has been highly criticized 
by the trucking industry, which has alleged that 
there are a number of flaws in the study methodology 
and that the results cannot be used to draw general 
conclusions regarding the comparative rates of dif
ferent truck configurations. 

The changes in total ace idents under each see
n ar io are shown in Figure 7. Two sets of impacts 
are shown because wide disagreement exists regarding 
the relative safety records of different types of 
combinations. The most significant difference in 
the assumptions of the two results shown in Figure 7 
is that the first set of results (the striped bars) 
assumes that doubles have substantially higher acci
dent rates, and the second set of results (the solid 
bars) assumes that doubles have the same accident 
rates as tractor-semitrailers. There are studies 
that support both assumptions. 

Energy Impacts 

An increase in the size and weight limits would per
mit trucks to transport more freight with only a 
slight increase in fuel consumption. Total freight 
transported per gallon of fuel would thus rise. 
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Figure 8. Scenario impacts on energy 
consumption. 

Table 2. Scenario impacts on air quality. 
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This improvement in fuel efficiency, however, would 
be offset somewhat by diversion of traffic to trucks 
from the more fuel-efficient rail mode. Higher 
weight limits may also result in increases in energy 
consumed in paving and maintaining the highway sys
tem. 

The impacts of the scenarios analyzed on direct 
energy consumption (truck and rail fuel) and on in
direct energy consumption are shown in Figure 8. 
Indirect energy is primarily the energy required for 
pavement overlays, but it also includes energy con
sumed in road maintenance, bridge construction and 
repair, and production of fuel, as well as energy 
embodied in vehicles and parts. (In the case of 
scenario J the bars shown in Figure 8 represent the 
impacts expected for the variation involving a major 
shift of payload to short heavyweight doubles. Each 
of the two bars would be slightly shorter--perhaps 
about 10 percent shorter--but in the same direction 
for the variation that involves no shift of truck 
payload to short heavyweight doubles.) 

The data in Figure 8 indicate that the gains in 
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truck fuel efficiency due to increases in TS&W 
limits are generally dominant by comparison with the 
offsetting effects of rail-to-truck loss of fuel ef
ficiency and added pavement requirements. 

Air Oualitv Impacts 

The impact of each TS&W scenario on hydrocarbon, 
nitrogen oxide, carbon monoxide, and particulate 
emissions from heavy-duty trucks and rail freight 
operations is given in Table 2. Increases in TS&W 
1 imits would generally reduce emissions slightly, 
and decreases in TS&W limits would increase emis
sions slightly, because emissions are closely cor
related with changes in truck miles. 

The largest increases in emissions for heavy-duty 
vehicles and rail freight operations would result 
!rom scenario H (the rollback scenario), ranging 
from 1. 34 percent for hydrocarbons to 1. 56 percent 
for carbon monoxide. 

The largest decreases would result from increases 
in TS&W limits in scenario J, ranging from 2.30 per
cent for hydrocarbons to 3 .12 percent for carbon 
monoxide. 

Noise Impacts 

Noise impacts of each TS&W scenario have been esti
mated based on an analysis of vehicle and traffic 
conditions for typical road segments and an empiri
cal relation developed by the U.S. Environmental 
Protection Agency (EPA) , which relates noise levels 
to the fraction of residents who describe their 
reaction to noise as highly annoyed. Community re
sponse to noise is difficult to capture in a single 
measure, so "population highly annoyed" should be 
regarded as a somewhat abstract index of the rela
tive community noise impact. 

Some adverse noise impacts relative to the base 
case are expected for all scenarios, as shown in 
Figure 9. For those scenarios that decrease TS&W 
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Figure 9. Scenario noise impacts. 
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limits, the adverse effects would be due to an in
crease in truck miles. For those scenarios that in
crease TS&W limits, the adverse effects occur be
cause, even though total truck travel decreases, 
large increases in average load and number of axles 
significantly increase noise exposure. Due to the 
predominance of this effect, scenarios J and K re
sult in more adverse noise impacts than other sce
narios. 

Economic Impacts of Grandfather Clause Elimination 

The grandfather clause is a provision of federal 
highway law that permits all states to retain any 
limits above the federal limits if such limits were 
in force before the effective date of the federal 
limits (July 1, 1956). As of January 1, 1981, 15 
states still had Interstate system single-axle 
limits greater than 20,000 lb, 17 states had Inter
state tandem-axle limits greater than 34,000 lb, and 
12 states had Interstate gross limits greater than 
80,000 lb. 

Elimination of the grandfather clause would re
sult in a worsening of truck productivity (as shown 
in Figure 2) and an increase in overall transport 
costs (as shown in Figure 3). These cost impacts, 
which are small in percentage terms when spread over 
all commodities and industries, may actually involve 
substantial impacts on particular industries. For 
this reason a special investigation was conducted to 
determine which specific industries would be af
fected and by how much. 

In most instances the increased costs will be 
small in relation to the value of the goods trans
ported. These increased costs will result in a 
slight price increase t6 consumers or a slight de
cline in receipts of affected producers or ship
pers. In the case of industries that ship commodi
ties with a low value per ton (e.g., agriculture, 
logging, construction), increased truck transport 
costs would represent a higher percentage of com
modity value (perhaps 1 or 2 percent, and in a few 
instances as much as 10 percent) . 
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Discernible economic effects due to reduced 
weight limits on the Federal-Aid primary system are 
most likely to be observed in the following areas. 

1. In southern Idaho, Montana, and western 
North Dakota, farmers whose wheat is currently 
transported to Lewiston, Idaho, in double-bottom 
trucks (about 10 percent of total production) may 
have their receipts decline by up to 3 percent. 
some additional dislocations might occur due to re
sulting adjustments in the grain marketing system. 

2. In Michigan several commodities will be af
fected by a reduction of the current 164,000-lb ef
fective GVW limit on designated highways to 80,000 
lb. Sugar beets is likely to be the most affected 
commodity. Among the economically more important 
commodities, timber and to a lesser extent corn are 
likely to be the most affected. Increased transport 
costs for affected shipments of corn (about 10 per
cent of corn produced in Michigan) will average less 
than 1 percent of the price of corn. 

3. In Nevada and Utah the current limits are 
129,000 and 122,000 lb, respectively, and the exist
ing rail network is limited. Reduction of these 
high limits could affect some mines, particularly 
those in remote locations. 

4. In Alaska only one rail line and no Inter
state highways exist; a 109,000-lb GVW limit applies 
to other roads. 

5. In several eastern states particularly high 
limits exist for three- and four-axle single-unit 
trucks. In states where the highest of these limits 
exist overall costs for individual highway construc
t ion and maintenance projects that must be accessed 
by roads to which reduced weight limits apply are 
likely to increase by about 2 percent; The cost of 
highway projects that do not require such access 
will increase by less, if at all. (These changes do 
not reflect the savings in highway costs due to re
duced requirements for pavement construction and 
maintenance reported for scenario C in Figures 5 and 
6.) The cost of other affected construction proj
ects in these states will be increased to a lesser 
extent. 
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If reduced weight limits are applied only to the 
Interstate system, fewer construction projects and 
minerals movements will be affected, and a number of 
states tha.t do not have high limits on the Inter
state system will be unaffected. 

PRESENT VALUE OF CUMULATIVE COST CHANGES 

All of the cost impacts discussed in the preceding 
sections are annual impacts for 1985, with the ex
ception of the costs for existing bridges, which are 
a one-time cost for reconstruction of existing 
bridges on Federal-Aid highways. 

Cost impacts for years before 1985, as well as 
future years, will not generally be at the same 
levels shown for 1985. For example, the increases 
in pavement costs shown in Figure 5 will not be sus
tained indefinitely. Once highway pavements have 
been adequately rehabilitated to accommodate heavier 
trucks, adverse pavement cost impacts will be re
duced to a small fraction of those shown in Figure 5 
for 1985. 

The present value of forecast cumulative changes 
in highway costs for each scenario as compared with 
the base case is shown in Figure 10. The cumulative 
cost changes reflect pavement and bridge cost im
pacts in years before 1985 as well as in all future 
years. Scenario J, which would allow the largest 
increases in axle weights, results in the largest 
increase in the present value of highway cost im
pacts. The increase in highway costs in scenario J 
may be as little as $2.6 billion if the shift to 
short heavyweight doubles materializes, or as large 
as $6.4 billion if it does not. 

The cumulative highway cost changes shown in Fig
ure 10 would have to be borne by highway agencies, 
and presumably should be passed on to trucks through 
user charges in an equitable manner. These cost 
changes are calculated as the requirements for high
way agency expenditures necessary to maintain cur-

Figure 10. Present value of highway 
cost impacts. 
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rent highway condition. If this expenditure does 
not occur (e.g., if expenditures by highway agencies 
remain the same under each scenario), then the con
dition of the pavements and bridges would deterio
rate, which would in turn affect the motor vehicle 
operating costs, travel speeds, and circuity experi
enced by highway users. 

The costs to highway users associated with a 
worsening of highway conditions can be substantial. 
For example, if highway agency expenditures for 
pavement overlays under scenario J <1.re t he same as 
those projected for the base case, then scenario J 
would produce a worsening of pavement condition. 
The present value of the cumulative changes in motor 
vehicle operating costs alone due to this worsening 
of pavement condition could be on the order of $1 7 
bill ion. Thus if highway agencies are unable to 
meet the expenditure levels to maintain highway con
ditions under each scenario, cumulative cost changes 
due to highway system damage could be considerably 
greater than those shown in Figure 10 for those 
scenarios that result in additional pavement re
quirements (i.e., B, D, E, F, G, and J). The dis
tribution of these costs among the states are not 
uniform and vary according to the scenario. 

The present value of forecast cumulative cost 
changes for freight transportation, including 
changes in expenditures for truck and rail freight 
transportation and property damage due to accidents 
is shown in Figure 11. 

The present value of forecast cumulative cost 
changes for highways and transportation combined is 
shown in Figure 12. Freight transportation costs 
tend to be the dominant component. Scenarios D, E, 
F, and G, which would eliminate barrier limits, and 
scenarios J and K, which would increase limits, all 
show cost savings relative to the base case for 
highway and transportation costs combined. The 
practical implication of this finding is that elim
ination of barriers or increases in TS&W limits 
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Cumulative Changes In Costs 
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Figure 11. Present value of transportation cost impacts. 
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Figure 12. Present value of all scenario cost impacts. 
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provide suffic~ent transportation cost savings to 
pay for damage done to the highway system under 
these scenarios. However, if barriers are elimi
nated or limits are increased without a correspond
ing increase in expenditures to maintain highway 
conditions, the net impact of these actions could be 
a much lower decrease, or even an increase, in total 
cumulative costs. 
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Truck Weight Study Sampling Plan in Wisconsin 

WILLIAM D. GARDNER 

The procedures used by the Wisconsin Department of Transportation for 
determining the number and locations of sampling stations for its truck 
weight study are described. The purpose of the program is to collect repre
sentative trucking characteristic data for use in pavement design, highway 
cost allocation, motor carrier enforcement, and other planning and research 
activities. Previous weight studies have produced data of limited value due 
to inadequate road type and geographic coverage. In addition, stations are 
s.elected without statistical guidelines for sampling. The use of new weighing
in-motion technologies and the emphasis on the collection of basic weight 
data permit a more random selection of weigh stations and a more compre
hensive sample of truck traffic. The sampling plan developed relies heavily 
on user needs and statistical criteria to help ensure a valid and meaningful 
sample. By using data from the 1980-1981 highway performance monitor
ing system \nJisccns!n t!'!!ck weight case study, the numbe!' cf requi!'ed sta
tions is calculated on the basis of the average variability of truck weights 
in the state. These stations are distributed across recommended road types 
in proportion to the size of the total population (truck vehicle miles of 
travel) on each road type. Stations by road type are assigned to counties 
by using a weighted random numbers procedure. Criteria are presented 
for selecting corridors and sites where stations should be established. 
This type of sampling approach can generate more representative and 
comprehensive data that better describe the truck population. 

Most states, including Wisconsin, determine the num
ber and location of their truck weight study stations 
on essentially a nonprobability, nonrandom basis. 
The number of stations operated may be a function of 
budget constraints. Station locations may be se
lected for convenience, to minimize travel expenses, 
or to provide perceived coverage of major truck 
routes. They may also be limited to certain perma
nent static scale locations. 

The resulting data from the study may be repre
sentative 1 but there is no way of making !!uch 11 de 
termination. Only with some type of probability 
sample can definitive statements be made about the 
statistical validity of the sample. It may well be 
that cost or technological limitations will be the 
ultimate determinant of sample design. Within cost 
and operational constra i nts, thouqh, it is critical 
to encourage the greatest possible use of statistical 
criteria. The flexibility and lower operating costs 
of new weighing-in-motion technology make such an 
approach more feasible. 

The Division of Planning and Budget of the Wis
consin Department of Transportation (WisDOT) normally 
conducts a truck weight study every other year. The 
truck weight study collects a variety of trucking 
characteristic data by weighing and classifying 

trucks and interviewing the drivers of trucks on 
rural Interstate and rural state trunk highways. 
Wisconsin's truck weight study was suspended in 1981 
so that it could be evaluated and restructured as 
necessary. Concerns about the high cost of the pro
gram, the accuracy and statistical reliability of 
the data collected, and the usefuleness of the data 
led to this evaluation project. 

Several working papers and a final report that 
contained recommendations for a new truck weight 
study were developed during the project (.!_-_!). Study 
phases included identifying and ranking the needs of 
data users, creating a sampling 
options in weighing technology. 

The focus of this paper is on the reconunenden 
sampling plan for Wisconsin. A methodology that 
uses statistical criteria in order to determine the 
number and general locations of sampling stations is 
described. In addition, some guidelines for select
ing precise station sites are presented. The sched
uling of operations is not addressed here. 

SAMPLING POPULATION 

Truck sampling in Wisconsin has been limited to rural 
Interstate and rural state trunk highways. The data 
in Table 1 illustrate the lack of adequate coverage 
by comparing the percentage of trucks sampled by 
road type in the 1979 truck weight study with the 

TahlP. 1. Gnmparisnn nf Wisconsin truck weight study sample with truck VMT. 

Highway Jurisdictional 
System 

Rural 
Interstate 
State trunk highways 
County trunk highways 
Town roads 

Urban• 
Interstate 
State trunk high ays 
City and villai;eb 

Other 

Percentage of Vehicles 
in Truck Weighting 
Study Sample 

63 
37 

0 
0 

0 
0 
0 
0 

alncludes areas inside incorporated municipalities. 
bJncludes urban colmty trunk highways, 

Percentage of 
Truck VMT 

12 
37 
13 

6 

5 
16 
10 

J 
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percentage of truck vehicle miles of travel (VMT) on 
that road type. In addition, sampling was limited 
to stations in the southern half of the state. 

Although data users require different levels of 
detail (some are interested in site-specific data 
whereas others are interested in systemwide statis
tics), the overall objective of the truck weight 
study is the development of a representative state
wide sample of truck weight data. In order to create 
such a sample, all major road types (including urban 
roads) and the entire state should be considered as 
the population from which to sample. 

Lower-order roads, such as local and town roads, 
should be excluded from the regular program, primar
ily because of the expense involved in obtaining 
adequate samples. A scarcity of trucks on many of 
these roads would require extended periods of sam
pling. Potentially large variations in truck weights 
across local roads (due to differences in local eco
nomic activity) could necessitate many sampling sta
t ions to develop a representative sample. Lower
order roads could be sampled on a special study ba
s is. 

The statewide sample will include only Interstates 
and major state and county roads. The road types 
recommended for sampling along with their percentage 
of total VMT (rural and urban) are given in the fol
lowing tables. The table below gives the road types 
and percentage of total VMT for rural highways: 

Rural 
Jurisdictional 
Type 
Interstate 
State trunk 
State trunk 
County trunk 
Total 

Functional 
Class 
Principal arterial 
Principal arterial 
Minor arterial 
Major collector 

Percentage 
of Total 
Rural VMT 
15.6 
32.6 
20.3 
10.4 
78.9 

This next table gives the road types and percentage 
of total VMT for urban highways: 

Urban 
Jurisdictional 
Type 
Interstate 
State trunk 
State trunk 
Total 

Functional 
Class 
Principal arterial 
Principal arterial 
Minor arterial 

Percentage 
of Total 
Rural VMT 
12.6 
32.8 

~ 
55.1 

The data presented in these tables are from Wiscon
sin's 1980-1981 highway performance monitoring system 
(HPMS) truck weight case study, which sampled more 
road t ypes and more seasons than the regular program. 
(HPMS data, except where noted, served as the data 
base used in this project.) 

Not surprisingly, average weights of trucks do 
differ by road type, where higher-order roads gener-

Table 2. Average weight of loaded trucks by truck 
category and road type. 

Truck Size 

2P 
2S 
2D 
3+ axles 
3-axle combinaUon 
4-axle combination 
3-S2 
Other 5-axle combinations 
6+ axle combination 
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ally carry heavier traffic, as indicated in Table 
2. (Data on urban Interstates are not available in 
Wisconsin and cannot be collected with portable 
scales for safety reasons. such data will be col
lected once weighing-in-motion equipment is acquired. 
The sampling plan may need to be refined to reflect 
the data.) Stratification by road type should be an 
effective strategy. Stratification of a sample in
volves dividing the population into groups or cate
gories (such as road types) and then selecting inde
pendent random samples within each group or stratum 
(5, p. 156). With a stratified sample each stratum 
should be homogenous with respect to values of the 
statistic (i.e., mean weights) and different from 
other strata. Other stratifications could be made, 
such as stratifying by average daily traffic (ADT) 
volume group or geographic area. Possible increases 
in precision from greater stratification, however, 
must be weighed against the increase in sampling 
costs (each stratum requires at least one sampling 
station). 

SAMPLING PLAN 

Two basic types of trucking character is tic data are 
of interest to users: (a) weight and classification 
data and (b) data items obtained through driver in
terviews such as commodity type carried, origin and 
destination, and so on. 

The primary uses of WisDOT truck weight study 
data are for pavement design and research, highway 
cost allocation and planning studies, and motor car
rier enforcement. The users of these data require 
accurate weight and classification data more so than 
survey data. Survey-type information is requested 
by these users, but the uses are not as well defined 
and are generally less critical. The new truck 
weight study will emphasize the collection of basic 
weight and classification data, and the sampling 
plan is designed accordingly. 

The sampling plan specifies how many sampling 
stations are to operate on each road type and locates 
those stations around the state. The statistical 
derivation of the number of stations or the sample 
size is influenced by three factors: the sampling 
distribution of the statistic, the degree of confi
dence chosen, and the level of precision desired. 
The sampling distribution refers to the variability 
of that characteristic for which WisDOT is interested 
in obtaining an estimate. 

With all other factors held constant, it is the 
variability of that characteristic in the population 
that most directly affects the size of the sample. 
The more variable the characteristic, the larger the 
sample needed to accurately estimate it. If, for 
example, the gross operating weights of trucks are 
highly variable across the state, this suggests the 
need for a large number of stations for sampling. A 

Avg Weights (lb) by Road Type 

Rural Rural State Trunk 
Interstate, 
Principal Principal Minor 
Arterial Arterial Arterial 

6,500 
9,000 

I 5,862 
37 ,241 
30,685 
39,157 
62,237 
51,087 
72,910 

6,500 
10,000 
16,362 
39,072 
25 ,593 
36,445 
59,333 
40,715 
71,271 

15,820 
40,887 
23,442 
34,108 
64,499 
32,500 
70,156 

Urban State Trunk 

Principal Minor 
Arterial Arterial 

12,851 13,838 
31,400 38,500 
21 ,962 18,930 
28,700 27 ,547 
51,893 49,592 

Rural County 
Trunk, Major 
Collector 

12,990 
38,310 

31,415 
48,553 

Note: Data are from 1980-1981 Wisconsin HPMS case study, except 2P and 2S, which are from 1979 Wisconsin HPR 
truck weight study. 
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reasonable balance must be drawn between how precise 
the estimate will be (e.g., ±5 or ±10 percent) 
and the amount of confidence held in that estimate. 
'£he greater the precision or confidence level, the 
larger the required sample size. 

By using operating gross vehicle weight as the 
controlling variable for the collection of weight 
and classification data, the calculation of station 
sample size can be guided by the following formula: 

(I) 

where 

n = sample size, 
z = number of standard deviations for the desired 

confidence interval, 
k coefficient of variation of the variable 

(standard deviation divided by the mean), and 
d degree of relative accuracy desired. 

SAMPLING METHODOLOGY 

A four-step methodology that uses a random numbers 
technique was developed to calculate the necessary 
number of stations on each road type and general 
locations for those stations. These steps are de
scribed below. 

In step l the statig is di ... _1 ided into heterog'='I"'='OIJ~ 

clusters, where counties are used as clusters within 
which sample stations will be located. 

A cluster sampling approach involves dividing the 
population into heterogeneous subgroups and then 
choosing a sample of subgroups. In this step a sub
sample of counties will be selected, and the field 
stations will be located within those counties. 

Counties represent mutually exclusive and exhaus
tive subsets of the population. They are well de
fined and well documented and thus easy to use. 
Because not all counties will be sampled, they should 
serve as small-scale models of the population, i.e~, 
they should contain a range of variation in truck 
weights (heterogeneity). Counties appear to contain 
such a range due to the variety of road types in 
each county. Not all counties, however, contain all 
the recommended road types. In addition, counties 
are unequal with respect to road mileage. The sam
pling procedure should be sensitive to these condi
tions (see step 3). 

A cluster sampling approach is usually less sta
tistically efficient than other types of surveys 
primarily due to the error introduced if nonrepre
s entative or homogeneous subgroups are chosen. With 
each stage of the sampling process (defining the 
clusters, selecting subgroups, and then choosing the 
actual loc;it.ions within the subgroups), there is 
risk of sampling error. For a given sample size 
(trucks weighed), cluster samples produce greater 
error than a simple random sample or regular strati
fied samples. 

Nevertheless, cluster sampling is probably the 
most common sampling procedure used for large-scale 
field surveys ii). Because of the reduction of the 
universe down to certain counties, the overall costs 
of the survey will be less. With regard to the truck 
weight study, travel and equipment installation costs 
may be significant. It is more economical to sample 
just within certain counties than to sample more 
extensively all over the state as other survey types 
would dictate. In the case of the truck weight 
study, it is much less expensive to survey many 
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trucks at fewer stations than a few trucks at many 
stations, particularly if weighing-in-motion equip
ment is used, because then the cost per observation 
will be small. This sampling approach, combined 
with the proper stratification, will document many 
of the variations in truck operating weights and 
generate data that are sufficiently representative. 

In step 2 the total number of stations and their 
distribution across road types are determined. There 
are several ways of calculating station sample size 
on the basis of variation in truck weights. One 
approach is to determine the number of stations on 
each road type by using the total variation in truck 
weights on that road type. Total variation could be 
defined as the variation in operating weights of all 
trucks (empty and loaded trucks combined) across all 
truck categories. The resulting coefficients of 
variation (COVs) would be large . I f this total COV 
for each road type was applied to the sample size 
formula, unrealistically large station sample sizes 
would be specified with, for example, a 90 percent 
confidence and 10 percent precision level. The data 
in the table below indicate the required number of 
stations by using this technique (note that data on 
urban Interstates are not available): 

No. of 
Road Type cov Stations 
Rural Interstate 0.39 41 
Rural state trunk 

Principal arterial o.56 85 
Minor arterial 0.67 122 

Urban state trunk 
Principal arterial 0.75 153 
Minor arterial o. 71 137 

Rural county trunk, o. 77 ill 
major collector 

Total 699 

The high COVs in this table are due in part to 
the bimodal nature of the population, i.e., there is 
a clustering of weights around an empty truck mean 
weight and a loaded truck mean weight. In addition, 
the variation within each truck category is added to 
that of all other categories. This type of aggrega
tion procedure inflates the sample size, as does 
calculating the absolute number of stations on each 
road type separately. 

A more useful alternative would be to define 
variation in a different manner, calculate the total 
number of stations statewide, and then distribute 
this total across road types. An averaging, rather 
than an aggregating, approach to COV derivation can 
be used. By averaging and weighting the variation 
in truck weights across truck categories and road 
types, a single composite average statewide COV can 
be calculated and in turn used to determine the total 
station sample size. The steps in this procedure are 
detailed below. 

l. Determine the COV of each truck category on 
each recommended road type (urban Interstates are 
excluded- from the analysis). The results of this 
procedure are given in Table 3. 

2. Create a weighted average COV for each road 
type. First multiply the COV of each truck category 
on a road type by the total number of empty and 
loaded trucks (sample size) of that category on that 
road type. Then add these products and divide by 
the sample size (all loaded and empty trucks of all 
categories on that road type) to create a single 
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Table 3. COV and sample size of each truck category by road type. 

Rural State Trunk Urban State Trunk Rural County 
Trunk, Major 

Rural Interstate Principal Arterial Minor Arterial Principal Arterial Minor Arterial Collector 

Vehicle Type COY Sample COY Sample COY Sample COY Sample COY Sample COY Sample 

Single unit 
2P and 2S 0.36 881 0.33 1,064 
2D 0.42 585 0.44 767 0.46 559 0.45 603 0.47 514 0.52 391 
3 or more axles 0.40 149 0.51 248 0.45 164 0.50 104 0.48 99 0.58 110 

Semis and truck-trailers 
3-axle combination 0.30 101 0.38 76 0.39 33 0.36 65 
4-axle combination 0.29 468 0.29 263 0.32 77 0.28 99 0.29 40 
3-S2 0.29 5,921 0.30 1,629 0.42 715 0.39 315 0.40 107 0.44 98 
Other 5-axle combinations 0.47 60 • 
2-Sl-2 0.17 213 
6 axles or more com bi- 0.35 68 0.47 36 • - . -a 

nations 

Note: COV and sample size are from the number of trucks sampled during the 1980-1981 HPMS case study, except for 2P and 2S data, which are from the 1977-J 979 HPR 
truck weight study. 

3 Insufficient data. 

road type COV. The results are given in the follow
ing table: 

Road Type 
Rural Interstate 
Rural state trunk 

Principal arterial 
Minor arterial 

Urban state trunk 
Principal arterial 
Minor arterial 

Rural county trunk, 
major collector 

Weighted Avq COV 
2,594/8,446 0.31 

1,425/4,047 0.35 
669/1,548 0.43 

497/1,186 
345/760 

310/599 

0.42 
0.45 

o. 5'" 

3. The same weighted averaging procedure is then 
used to calculate a statewide composite COV from the 
individual road type covs. The resulting COV is 
0.35, i.e., 

0.31 (8,446) + 0.35 (4,047) + 0.43 (1,548) + 0.42 
(1,186) + 0.45 (760) + 0.52 (599) = 5,850/16,586 
= 0.35. 

Once the composite COV has been established, dif
ferent total station sample sizes can be calculated 
by using varying confidence and precision levels: 

95 percent confidence/5 percent prec1s1on level: 
[(l.96 x 0.35) 0.05] 2 = 188 stations. 

95 percent confidence/10 percent precision level: 
[(1.96 x 0.35) 0.101 2 = 47 stations. 

90 percent confidence/5 percent precision level: 
[(1.65 x 0.35) 0.051 2 = 133 stations. 

90 percent confidence/10 percent precision level: 
[(l.65 x 0.35) 0.101 2 = 33 stations. 

80 percent confidence/5 percent precision level: 
[(1.29 x 0.35) 0.05] 2 = 82 stations. 

80 percent confidence/10 percent precision level: 
[(1.29 x 0.35) 0.10] 2 = 21 stations. 

The accuracy level chosen for the truck weight 
study is largely a function of cost. Generally, a 
90 percent/10 percent accuracy level is sufficient 
for planning data. However, the costs of establish
ing a truck weighing station are high1 the precise 
amount depends on the type of equipment used. The 
80 percent/10 percent level produces the least num-

ber of stations, yet it is acceptable for the objec
tives of the truck weight study. 

Thus there are 21 stations to be distribute~ 

across 7 road types. There are two ways of distrib
uting this total. One way is to distribute the 
stations based on the amount of truck travel on each 
road type. A second method would be to distribute 
stations according to the relative variability of 
truck weights on each road type. Both approaches 
link sample size to the nature of the population. 

The first way sets the amount of sampling on each 
stratum (road type) according to the size of the 
stratum in the population. Stratum size can be de
fined as the amount of truck travel or truck VMT. 
The share of truck VMT on each road type can be cal
culated by considering only the recommended road 
types as the population. 

The other approach is to use the relative vari
ability in truck weights as the distribution factor. 
If the weighted average COVs of each road type are 
added to produce a total, then the share of the total 
variability accounted for by each road type can be 
determined. Assuming that 21 stations is the recom
mended total, distribution of stations across road 
types on a VMT-share basis or COV-share basis can be 
computed, as given in Table 4. 

The COV-share distribution method results in more 
stations on lower-order roads. From the standpoint 
of statistical efficiency this method is superior. 
However, the analysis of the data from such a sample 

Table 4. Distribution of stations across road type. 

VMT Share COY Share 

No. of No. of 
Road Type Percent Stations Percent Stations 

Urban Interstate 10 2 II 2• 
Rural Interstate 19 4 11 2 
Rural state trunk 
Principal arterial 23 5 13 3 
Minor arterial 17 4 14 3 

Urban state trunk 
Principal arterial 13 3 17 4 
Minor arterial 6 1 17 3b 

Rural county trunk, 12 2c 
18 _i 

major collector 

Total 21 21 

3secause no infor_ru~.tion .exists on the variability of weights on urban Inter
states, it is a~Utn1.1d to be equal to that on rural Interstates. 

bJ.57 is rounded off fo 3. · 
c2.s2 is rounded off to 2. 
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is more complicated. Special weighting should be 
conducted tci account for the disproportionate sam
pling (i.e., one road type may account for 40 percent 
of the total sample size of trucks weighed, but only 
2 5 percent of the population size) when combining 
data across road types to estimate means and vari
ations. 

Users of trucking character is tic data, however, 
would prefer to have more stations on higher-order 
roads because those are the major trucking routes and 
generally are of greater interest. The T.JMT-share 
design is proportionate sampling that is self
weighting; thus, no special manipulations of the 
data would be required. Because of these factors, 
the proportionate VMT-share distribution method 
should be employed. 

In step 3 a subsample of counties is selected and 
the stations are located by road type in the coun
ties. The procedure used is given below. 

First, list each station with its defining road 
type and number, as shown below: 

01. Urban Interstate; 
0 2. Urban Interstate; 
03. Rural Interstate; 
0 4. Rural Interstate; 
05. Rural Interstate; 
0 6. Rural Interstate; 
07. Rural state trunk, principal arterial; 
0 8. Rural state trunk, principal arterial; 
09. Rural state trunk, principal arterial; 
10. Rural state trunk, principal arterial; 
11. Rural state trunk, principal arterial; 
12. Rural state trunk, minor arterial; 
13. Rural state trunk, minor arterial; 
14. Rural state trunk, minor arterial; 
15. Rural state trunk, minor arterial; 
16. Urban state trunk, principal arterial; 
17. Urban state trunk, principal arterial; 
18. Urban state trunk, principal arterial; 
19. Urban state trunk, minor arterial; 
2 o. Rural county trunk, major collector; and 
21. Rural county trunk, major collector. 

Second, create a list of counties by arranging 
all counties in alphabetical order; then number them 
from 1 to 72. 

Third, determine the total state trunk and county 
trunk mileage of each county and create a code for 
each <.2>. (Truck VMT by county would be preferable 
to use; however, it is not available.) For example, 
08-224 would be the eighth county on an alphabetical 
list that has 224 miles of county and state highways. 

Finally, use five-digit random numbers from a 
random numbers table to select a subsample of coun
ties and assign each station and road type to a coun
ty ( 8) ; then sample the result with a replacement 
( i .e :-, more them one state con be aosigned to n 
county). For example, if the first entry in a ran
dom number table is 25350, then the first station 
should be assigned to county number 25 if it has 350 
or more road miles associated with it. If it has 
fewer than 350 roads miles, if it does not contain 
any roads of the station 0 1 type, o r if no county 25 
exists, this random number should be ignored and the 
next random number in the table used to identify the 
next county to be sampled. The results of this pro
cedure are given in Table 5 and shown in Figure 1. 

This step of the sampling plan selects the coun
ties and road types in those counties where truck 
weight study sampling stations will be located. The 
random selection method will provide a good geo
graphic distribution of stations. The weighting 
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technique based on mileage and sampling with re
placement equalizes the chances that any particular 
location on the recommended road type network will 
be chosen for any type of station. The actual loca
tions for stations can be determined by using the 
guidelines set forth in the following section. 

In step 4 the actual station locations within the 
selected counties and road types are determined. 

The most statistically correct procedure for se
lecting station locations would be to continue the 
random selection process down to the road segment 
level. The relevant road network (e.g., urban state 
trunk, principal arterial) within a county would be 
divided into segments, each segment listed and num
bered, and Lhen one or mor" o;eym.,11ts ramlumly 8<!
lected to serve as truck weight study stations. 
Ideally, segments would be of equal length, although 
unequal segments could be weighted. A segment 
length of l mile would provide some flexibility in 
locating weighing equipment; segment lengths of 5 
miles would increase this flexibility and also 
reduce listing costs. 

The advantage of this kind of method is that pos
sible bias introduced by judgmentally selecting sites 
is minimized. Each segment of a road type in a 
county theoretically has an equal chance of being 
selected. The overall probability that any particu
lar road segment would be chosen from the entire 
state road network would equal the product of the 
selection probabilities at each stage of the sampling 
process (9) (that is, when selecting the subsample of 
clusters,- the road type assignment, and ultimately 
the road segment selection) • 

'rhe disadvantages of a random selection of road 
segments are that listing costs may be significant 
and the operational limitations of truck weighing 
are not considered. The listing process would in
volve either manipulating existing road segment lists 
into an appropriate format or creating a new list 
l tnis would be necessary for county roads) • .i;ven 
with this approach, the selected segment may not be 
suitable for weighing and classifying trucks. 

Many of the restrictions on where weighing can be 
conducted are related to the type of scale used. If 
the existing permanent static scales were to be used 
to the extent possible, then random site selection 
would not be relevant (new scales could be built at 

Table 5. Station types and assigned counties. 

Road Type County 

01. Urban Interstate Milwaukee 
02. Urban Interstate Ozaukee 
03. Rural Interstate La Crosse 
04. Rural Interstate Brown 
05. Rural Interstate Dunn 
06. Rural Interstate Waukesha 
07 . Rural state trunk, principal arterial Columbia 
08. Rural state trunk, principal arterial Vilas 
09. Rural state trunk, principal arterial Outagamie 
10. Rural state trunk, principaJ arterial Green 
11. Rural state trunk, principal arterial Marinette 
i2. Rural srnre uunk, prjncipal anerial Vii as 
13. Rural state trunk, minor arterial Lincoln 
14. Rural state trunk, minor arterfal Waukesha 
15. Rural state trunk, minor arterial Grant 
16. Urban state trunk, principal arterial Dane 
17. Urban state trunk, principal arterial Sawyer 
18, Urban state trunk, principal arterial Outagamie 
19. Urban state trunk, minor arterial Washington 
20. Rural county trunk, major collector Manitowoc 
21. Rural county trunk, major collector Ozaukee 
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Figure 1. Assigned counties by road type. 
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a randomly selected site but that is probably neither 
feasible nor likely, given the expense). 

Portable static scales can only be used safely 
where there are turnouts, adequate space for queuing 
of trucks, level grac;les, and so forth. High-speed 
pavement weighing-in-motion scales should not be 
located near intersections, where severe acceleration 
or deceleration occurs, where pavement conditions 
are poor, or on steep slopes. Bridge weighing-in
motion is limited to certain types of bridges. 

In addition, a random selection of station sites 
might produce nonrepresentati ve stations (for exam
ple, adjacent to a major manufacturing facility). 
Because there are so few stations (out of potentially 
thousands of locations), it is critical to avoid 
highly peculiar traffic conditions if the objectives 
are to obtain representative statewide data and ac
curate average values. 

Because of these restrictions, expanding random 
selection to this level is not the best approach. 
Although not statistically pure, it appears that the 
use of informed judgment at this stage of the sam
pling process is both reasonable and necessary. 
Indeed, an FHWA report suggests numerous possible 
considerations for site selection (10) : 

1. ADT volume; 
2. Percentage of trucks: 
3. Percentage of trucks of each type: 
4. Variations in the percentages of trucks car

rying different types of conunodities; 
5. Whether there is a seasonable variation in 

the number of trucks in the ADT and whether within 
the season there is a variation in the type of com
modities carried; 

6. Relative amount of interstate and intrastate 
trips; 

17 

01-02 Urban Interstate 

03-06 Rural Interstate 

07-11 Rural State Trunk, 
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12-15 Rural State Trunk, 
Mi nor Arteri a 1 
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7. Land use characteristics, both adjacent to 
the station site and at origin and destination of 
the truck traffic; 

8. Ease or difficulty of trucks bypassing the 
station to avoid being weighed; and 

9. Nearby alternative routes. 

Much of the above information cannot be obtained 
without first conducting surveys. In addition, pre
cise site requirements cannot be determined without 
f irst identifying the weighing technology that will 
be used. A potentially effective approach is to 
identify general locations or corridors within which 
stations can be located once weighing equipment has 
been selected . 'l'herefore, guidelines should be es
tablished for identifying these general locations. 

GUIDELINES FOR STATION LOCATIONS 

The four guidelines for station location are given 
below: 

1. where possible, establish stations on routes 
with high truck volumes. Heavily traveled truck 
routes should be used because data users (enforcement 
officials in particular) are interested in document
ing the traffic characteristics of major corridors. 
Almost all Interstates and some state trunks are 
major truck routes. (The state highway plan identi
fies major corridors in Wisconsin.) 

2. Locate stations on major intercity or inter
regional routes. The non-Interstate state trunk 
network serves to connect the various subregions of 
the state. Where applicable, these routes should be 
used to monitor regional freight flows. 

3. For stations on lower-order roads, special 
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care should be taken to avoid locations with atypical 
traffic conditions. 

4. within the above criteria, stations should be 
located at or near vehicle classification sites, 
automatic traffic recorder (ATR) sites, or within 
HPMS sample sections wherever feasible. 

This fourth guideline is included to promote a 
rational and integrated traffic data-collection pro
gram. From the perspective of a data user the truck 
weight study can be thought of as a subfunction of 
the counting program. For example, in the design of 
pavements, the critical factor is the projected num
ber of 18-kip equivalent loads. In Wisconsin vehicle 
classification data from the truck weight study have 
been used to supplement the vehicle classification 
and count programs. This practice should continue 
where possible (not all countl~s contaln these other 
sites), but the truck weighing sites should be lo
cated at the vehicle classification sites or near 
ATR sites (which are established with their own set 
of criteria) instead of the opposite approach. 

Therefore, where there is an overlap in the cri
teria of the various programs, station locations 
should be consolidated. Where possible, HPMS sample 
sections should be used. In effect, certain "super" 
traffic data stations could be established that gen
erate data on vehicle weights, classification, 
counts, and road characteristics. By collecting all 
data at a single site, more precise and conclusive 
statements could be made about the relation between 
vehicle loadings and pavement conditions. 

In summary, the county as well as highway juris
diction and functional class have been selected for 
each station. Within these strata particular high
ways should be identified as general station loca
tions that use the above criteria. Once the weighing 
equipment has been selected, precise station loca
tions can be chosen based on site conditions. This 
quasi-random approach to selecting the actual station 
locations introduces an indeterminate amount of er
ror, but it should still produce data sufficiently 
representative to satisfy the objectives of the pro
gram. 

SUMMARY 

The sampling plan presented in this paper represents 
one element of a comprehensive planning effort for a 
new Wisconsin truck weight study. Selecting the 
number of stations on the basis of variability in 
the population, distributing stations across road 
types in proportion to the size of the population 
(truck 'I/MT) on each road type, and randomly selecting 
counties for locating stations will help ensure a 
more representative sample of truck traffic. 

Once a new, more representative data base of 
trucking characteristic data is established, the 
sampling plan should be evaluated. The number of 
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stations may need to be increased or reduced, or 
station locations may need to be changed. Although 
technological and cost constraints necessarily in
fluence any traffic program, they should not be the 
sole determinants of program structure and scope. 
User needs and statistical sampling principles must 
be incorporated to produce valid and meaningful data. 

Sampling plans for truck weight studies will vary 
according to program objectives. In Wisconsin the 
estimates of the mean weight of trucks by type of 
highway system are the primary objective. These 
systemwide estimates are useful in a variety of plan
ning and design applications; i.e., more specialized 
sampling plans can be created and weight monitoring 
can be conducted to meet specialized needs to more 
precisely define truck characteristics in a specific 
highway corridor. 
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Procedure for Assessing Truck Weight Shifts that 

Result from Changes in Legal Limits 

C. MICHAEL WAL TON, CHIEN-PEI YU, AND PAUL NG 

In recent years, maximum legal truck size and weight limits have become ma
jor issues in the United States. The assessment of impacts due to changes in 
maximum limits is an ongoing, dynamic problem faced by many highway 
departments and state legislatures. It has been difficult to predict future 
truck weight distribution patterns as affected by the alternative legislation 
that governs truck weight. Consequently, it has become implausible to try 
to forecast precisely the benefits and costs associated with changes in size 
and weight limits. In the past, various methodologies for projecting truck 
weight distribution patterns have been developed. Each methodology has 
made a contribution in the capability of a framework for assessing changes 
in truck size and weight patterns; however, improvement is needed to en
hance the overall precision of these estimates. In June 1977 the Texas State 
Department of Highways and Public Transportation contracted the Center 
for Transportation Research to conduct a study on selected aspects of · 
the truck size and weight issue. As a part of this study, a shifting method
ology has been developed for the projection of future truck weight distri
bution patterns. This methodology can be applied either manually or by 
using a series of computer programs, and it can be used to predict both gross 
vehicle weight and axle weight distributions. A brief review of available 
methodologies and a detailed discussion of the Texas Shift are presented. 
Illustrative applications of predicting gross vehicle weight and axle weight 
distributions as a result of changes in weight limits are presented. Compari
son of the prediction results generated by all the available shifting method
ologies is also included. 

Given the national trend of increasing truck traffic 
on U.S. highways and the movement toward minimum 
size and weight standards for trucks operating on 
Federal-Aid highways, there has been a need for a 
methodology to aid highway engineers in assessing 
the effects of these changes on the highway infra
structure. Legislation has been introduced at the 
national level and among many states that would allow 
the "super truck" to operate under a range of prov i
s ions and limitations. These trends make the need 
for a progedure, which would predict future gross 
vehicle weight (GVW) and axle weight distributions 
and 18-kip equivalent single-axle load (KESAL) appli
cations that result from changes in the legal size 
or weight limit, more compelling. An overview of 
the current methodologies is presented, and a new 
procedure--the Texas Shift--which is the result of 
ongoing truck size and weight research investigations 
in Texas, is described. 

Because the prediction of future weight distribu
tions is vital to the evaluation of impacts due to 
changes in legal weight limits, four major methodol
ogies have been developed in the past: 

1. First FHWA procedure, 
2. Second FHWA procedure, 
3. NCHRP procedure, and 
4. Texas State Department of Highways and Public 

Transportation (TSDHPT) procedure. 

Each of these procedures (in descending order) 
provided an increased level of confidence in their 
predicted results [for a review of these methodolo
gies, see Larkin (1) and Walton and Yu (2)]i however, 
further studies fridicated that a hig~r level of 
confidence may be achievable <1>· 

AVERAGE GVW FACTOR 

From the recent detailed study of the average vehicle 
weight trends as replicated in the Texas data, the 
following observations were made: 

1. Within the span of the same truck weight laws, 
changes in the average GVW for each truck type were 
gradual rather than abrupt. 

2. No significant correlation on the average GVW 
among the four truck types (i.e., 2D, 3A, 3-S2, and 
2-Sl-2) was observed. 

3. The average GVW factor is defined as the ratio 
between the average GVW and practical maximum GVW 
for a specific truck type. The variation of this 
ratio over the years for a specific truck type is 
insignificant. 

The third item is the most significant finding. 
In this section the derivation and the significance 
of this average GVW factor are discussed. The data 
in Table 1 give the average truck weights and the 
ratios with respect to the practical maximum GVW by 
using the 3-S2 as an example. The ratio can be ex
pressed mathematically as follows: Average GVW fac
tor = average GVW + practical maximum GVM. For 
each type of truck, a linear regression analysis was 
applied: 

Y=AX 

where 

Y average GVW, 
X practical maximum GVW, and 
A coefficient. 

The statistical package MINITAB was used. The coef
ficient for each type of truck obtained from the 
analysis can be used as the recommended average GVW 
factor. These coefficients are given in Table 2. 

T-values computed for the four types of trucks 
indicated that they are within the limits suggested 

Table 1. Relation between average GVW and practical ma>Omum GVW for 
3-S2 on Texas Interstate rural highways. 

Practical 
Avg Legal Maximum AvgGVW 

Year GVW GVW Factor 

1960 48.52 72.00 0.67 
1961 46.68 72.00 0.65 
1962 45.63 72.QO 0.63 
1963 46.51 72 .00 0.65 
1964 46.70 72.00 0.65 
1965 47.22 72.00 0.66 
1966 47.46 72.00 0.66 
1967 47.91 72.00 0.67 
1968 49.35 72.00 0.69 
1969 47.51 72.00 0.66 
1970 47.65 72.00 0.66 
1971 44.92 72.00 0.62 
1972 45.54 72.00 0.63 
1973 45.21 72.00 0.63 
1974 41.32 72.00 0.57 
19753 

1976 59.43 80.00 0.74 
1978 53.20 80.00 0.67 
1979 54.86 80.00 0.69 

Note: 1974 and 1976 data were not included in the following 
statistics: mean of GVW factor= 0.66; standard deviation 
= 0.0183; one sample T-test = -1.15 (df = 15); and two-
sample T-test = -1.78 (df = 14). 

3Texas weight limits changed. 
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Table 2. Recommended average 
GVW factors for four truck 
types operating on Texas Inter
state rural highways. 

Truck Type 

2D 
3A 
3-S2 
2-Sl-2 

Table 3. Practical maximum GVW for trucks in Texas. 

Practical Maximum GVW (kips) by Year 

Truck Type 1951to1959 1960 to l 974 

2D 24.6 24 .6 
3A 42.26 42.26 
1-S2 SR .4 7?. 0 
2-Sl-2 58.4 72.0 

Recommended Avg 
GVW Factor 

0.51 
0.5 l 
0.66 
0.70 

l 975 to Present 

27.22 
44.90 
RO 0 
80.0 

by the student t-distribution; hence, it can be con
cluded that the average GVW factors may be used to 
represent the relations between average and maximum 

GVW for the four truck types. 
In the regression of the average GVW and the prac

tical maximum GVW, it was assumed that the relation 
between these two parameters would not be affected 
by changes in truck weight limits. In order to val
idate such an assumption, a two-sample t-test was 
used to check the significance of variations of the 
average GVW factor before and after the weight law 
changes. The changes that occurred as a result of a 
1975 weight law change were selected for testing. 

The computed t-values for the two sample tests 
were within the allowable range of the t-distribu
tion. A 95 percent confidence level was chosen for 
the test, and it wa·s found that the variation of the 
111ecu1s of the two samples was not significant a t this 
level. Thus it was concluded that changes in weight 
laws in 1975 did not have a significant effect on 
the average GVW factors. 

Note that the practical maximum GVW is used in 
the analysis instead of maximum allowable GVW. The 
use of the practical maximum GVW allows one to ex
press the changes in both GVW and axle weight limits 
in a single parameter. If the maximum GVW were used, 
incorrect predictions would result in cases where 
weight law changes occurred only in either GVW or in 
axle weight. 

For illustrative purposes, consider the 2D. The 
total truck weight is bounded by axle weight limits 
as well as considerations for safety. An increase 
in maximum GVW limit alone will not affect the weight 
trend of the 2D because the maximum possible GVW of 
2D is controlled by its axle weight. Under both the 
pre-1975 limit and the current limit, 2D could never 
attain the 80,000 maximum GVW. Its GVW capacity is 
limited by the restrictions pleced on it~ exle 
weight. Hence an erroneous shift woul d result i f 
maximum GVW (currently 80,000 lb in Texas) is used 
to develop the average GVW factors. 

Due to the operational safety consideration, the 
steering axles cannot be loaded to the maximum allow
able single-axle weight. A review of the trends in 
steering axle weight distributions for 3A and 3-S2 
indicates that there has not been any significant 
change in past years. The 2D and 2-Sl-2 classes 
were not analyzed due to the difficulty in obtaining 
the data from FHWA's W-4 tables. 

Based on the observation of historical data and 
review of the pertinent literature, four practical 
maximum steering axle weights for four types of 
trucks are recommended for use in the analyses of 
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likely shifts. These weights are summarized in 
table below. 

Truck Type 
2D 
3A 
3-S2 
2-Sl-2 

Practical Maximum Steering 
Axle Limits (kip) 

7.22 
10.90 

-12. 00 
13. 00 

the 

[The practical maximum steering axle limits for 2D 
and 3A suggested in the table were from Whiteside 
and others (~). The steering axle limits for 3-S2 
and 2-Sl-2 were values provided by the Texas Depart
ment of Highways and Public Safety.] 

These steering axle limits are recommended to 
arrive at the values for practical maximum GVW 
limits. A summary of practical maximum GVW for Texas 
since 1951 is given in Table 3. 

With the average GVW factors as a function of 
p r act ical maximum GVW, engineers and planners may i n 
turn estimate the future practical maximum GVW for 
any proposed law and by selected truck types. With 
the available average GVW factor provided in Table 
2, the expected average truck weight under any pro
posed weight limits can be obtained. From the ex
pected average truck weight, a shifted curve can be 
obtained by using the methodology to be presented. 

The average GVW factors provided in Table 2 we1e 
derived from Texas weight survey data. Whether such 
factors are transferable to other states will require 
further verification. 

THE TEXAS SHIFT 

Shifting of Truck Weight Distribution Curve 

The application of the Texas shift is summarized in 
Fig1Jre l~ The :methodology is composed of thrPP major 
parts: 

1. Determining the expected mean and variance of 
the GVW distribution for a truck type under the pro
posed legal limit, which involves the analysis of 
historical data and the application of the average 
GVW; 

2. Constructing a cumulative distribution curve 
from a set of representative truck weight data pro
vided in the W-5 tables; and 

3. Shifting the cumulative distribution curve, 
whereby the mean and variance of the shifted curve 
are within the acceptable tolerance of the parameters 
obtained in the first part of the procedure. 

Statistical tests are used to facilitat e the de
e is ion of whet her to accep t or re j ect a shifted 
curve. Once the tests are satisfied, the shifting 
procedure is complete and the projected truck weight 
distribution curve is obtained. 

Preparation of a Cumulative Frequency Curve 

This part of the procedure provides a base curve 
from which shifting may occur. It is preferable to 
use statistically significant data from the most 
recent years. 

Step 1: Read data from W-4 or W-5 weight distri
bution tables. Sum the number of trucks weighed. 

Step 2: Calculate the percentage of trucks in 
each truck weight interval. Obtain the cumulative 
percentage for each interval. 

Step 3: Plot the cumulative percentage for the 
truck weight intervals. 
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Figure 1. Manual application of shifting procedure . 
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For Each Truck 
Type and Highway 
Classification, 

Compute the Means 
and Variance for 
all Available 

Truck Weight Data 

With the New Changes 
in Truck Weight 

Limits, Derive the 
Practical Maximum 
GVW for the Truck 

Type 

Compute Mean and Variance for 
the Cumulative Distribution 

Curve 

Shift the Cumulative Di~tribu
tion Curve to Right or Left 

with Respect to the Last Curve 

Plot both Means 
and Variances 
with Time to 
Show Trends 

Obtain Average GVW 
Factor for the Truck 

Type from Table 6 

Compute,,ttean (W) and Variance 
(S2) of the Newly 

Shifted Curve 

By Extrapolation, 
Obtain Expected 

Mean (W) and 
Variance (52) 

Expected Average 
GVW (W) = Average 
GVW Factor*Practical 

Maximum GVW 

1. H 
0 

Hypothesis Testing 

w = w 

;2 • 52 (for cases without 
changes in weight 
limits) 

No 

Print Analysis Results, Expected 
Shifted Curve, and Plot Curves 

Shifting Curve to Obta in Expected Mean and Variance 

It has been suggested by Larkin (..!) that shifting 
for 2D and 3A starts at 50 percent and for 3-S2 and 
2-Sl-2 at 33 . 3 percent. However, these figures are 
based on Texas data. In the shifting procedure, 
users may start at any percentage that would factu
ally or intuitively represent their case. 

The shifting procedure is an iterative one. Ob
viously, the use of a computer to handle the shifting 
procedure will reduce the time consumed in performing 
the iterations (3). A manual step-by-step method is 
provided to illu; trate the process. 

Step 1: Choose an initial shifting point and 
start the procedure by shifting the accumulated dis
tribution curve to the right or left from that of 
the unshifted curve. The amount of shift should be 
according to the magnitude of the difference of the 
expected mean weight difference. The shifted curve 
should resemble the pattern of the unshifted curve 
(an S curve should be followed by another s curve). 

Step 2: Compute the mean of the shifted curve. 
This can be done by taking the cumulative percentage 
of each weight interval of the original curve and 
the percentage for the corresponding interval in the 
newly shifted curve. The average weight for the 
shifted curve is the summation of the product of the 
mean weight for each weight interval with its corre
sponding percentage. 

STOP 

Step 3: Compute the variance of the shifted 
curve. Computation of variance is similar to that 
mentioned in the first part of the procedure. The 
computation of variance for the example is given in 
Table 4. 

Step 4: To test the acceptability of the esti
mated curve, two statistical tests are used. The 
student t-test is used to determine whether the mean 
is within the 95 per.cent confidence intervals of the 
estimated future average truck weight. The chi
square test is used to determine the variance (i) • 
If either the mean or variance of the estimated curve 
is outside the confidence intervals of the corre
sponding values, go back to step 1 and repeat the 
procedure. If both mean and variance are within an 
accountable limit, go to the next step. 

Step 5: Once a distribution curve is accepted, a 
truck weight distribution table can be constructed. 

The computation of mean and variance is given in 
Table 4. The example demonstrates the prediction 
for the 3-S2 truck weight curve in 1978. The base 
year is 1970, which was chosen because of the large
ness of its sample size. 

In 1975 the weight laws of Texas were changed as 
follows: 

1. GVW 72 to 80 kips, 
2. Tandem-axle weight 32 to 34 kips, and 
3. Single-axle weight= 18 to 20 kips. 
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Table 4. Computation of mean and variance from an estimated cu mu lated 
distribution curve. 

(B) (C) 
GVW Distribution Mid-GVW No. of 
Intervals Intervals Trucks BxC B2 x c 

0.0-4.0 2.0 0 0.0 0.00 
4.0-1 0.0 7.0 0 0.0 0.00 
10.0-13.5 11.75 0 0.0 0.00 
13.5-20.0 16.75 2 33.5 561.13 
20.0-22.0 21.0 15 33.5 6,615 .00 
22.0-24.0 23.0 51 1,173.0 26,979.00 
24.0-26.0 25.0 85 2,125.0 53,125.00 
26.0-28.0 27.0 117 3,159.0 85,293.00 
28.0-30.0 29.0 92 2,668.0 77 ,372.00 
30.0-32.0 31.0 61 1,891.0 58,621.00 
32.0-34.0 33.0 37 1,221.0 40,293.00 
34.0-36.0 35.0 31 1,085.0 37 ,975 .00 
36.0-38.0 37.0 39 1,443.0 53,391.00 
38.0-40.0 39.0 32 1,248.0 48,672.00 
40.0-45.0 42.5 79 3,357.5 142,693.75 
45.0-50.0 47.5 95 4,512.5 214,343.75 
50.0-55.0 52.5 117 6,142.5 322,481.25 
55.0-60.0 57.5 229 13,167.5 757,131.25 
60.0-65.0 62.5 254 15,875 .0 992,187.50 
65.0-70.0 67.5 157 10,597.5 715,331.25 
70.0-72.0 71.0 48 3,408.0 241,968.00 
72.0-75.0 73.5 39 2,866.5 210,687.75 
75.0-80.0 77.5 20 1,550.0 120,125.00 
80.0-85.0 82.5 4 330.0 27,225.00 
85.0-90.0 87.5 I 1!7.5 7 ,656.25 
90.0-95.0 92.5 __ o _ _ o._o 0.00 

~ 1,605 78,256 4,240,727.88 

Notes: Menn " 78,256/ 1,605 ~ 45 .16. 2 V•rlance • !4,2401717 .88 - I (78,256) /1,605 J} = 265.06. 
Srandotd d.•·l11lon " 16.18. 

Based on 
GVW was 
the data 
is 0.66. 

the 1975 weight laws, the practical maximum 
estimated to be 80.0 kips . As noted from 
in Table 2, the average GVW factor for 3-52 

Thus the average GVW after the weight law 
changes is 52.80 kips. 

When the average GVW factors were derived, only 
legal vehicles were included in the computation of 
average GVW. Overloaded vehicles can be accounted 
for by us i ng a violation factor. For example, if 
the violation population is estimated to be approxi
mately 5 percent of the total population of a par
ticular type of truck, the violation factor is then 
equal to 1.05. For the above example, the adjusted 
GVW is 52.B x 1.05 , or 55.44 kips. 

As shown in Table 1, the average GVW for 1970 is 
47.65 kips. From the 1970 weight distribution curve, 
a first shifting was attempted (Figure 2). $com the 
shifted curve, an average GVW of 62.5 kips was ob
tained. A comparison of this figure with the ex
pected average GVW ( 55. 44 kips) indicates that the 
second curve is too much to the right and should be 
between the unsh i fted and the first shifted curve. 
A new plotting i s attempted. From the new shifted 
curve, a mean of 55.09 and a variance of 352.33 are 
obtained . The standard deviation of the curve is 
18.79. The computation of mean, standard deviation, 
and variance is given in Table 4. 

Because the shifting procedure is based on a log
ical iteration method, it is difficult and time con
suming to find a curve whose mean and variance are 
exactly the same as those predicted by regression 
analys is. Hence statistical tests are used to s e t 
bounds for the predicted values. The student t-test 
and chi-squared test are applied to the mean and 
variance, respectively. 

From the example, the parameters of the shifted 
curve are mean = 55.09, variance = 353.23, and stan
dard deviation = 18. 79. The expected mean based on 
the average GVW factors is, however, 55.44. 

The student t-test is applied in order to accept 
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Figure 2. First trial shifting from 1970 data for projection of 1978 GVW 
distribution. 
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OL reject i:.he shifted cuLve. The t-value for the 
shifted curve is 

t = (55.09-55.44)/(18.79/YJo) = -0.1020 

It should be pointed out that, in response to weight 
1 aw changes, only the average truck weight is used 
to predict a s hifted cur•!e. 

A chi-sqaure test was conducted by using available 
1978 tr uck we i ght data. With a confidenc e level of 
0.05 and 29 degrees of freedom, the chi-square value 
obtained is 42.56 (~). Because the computed chi
square value (1.47) is much lower than 42.56, it in
dicates that the projection is acceptable. 

From the experience gained in the use of this 
procedure, a f ew suggestions can be made that should 
enhance its use by others. Before starting to shift 
a curve, the mean of the curve should be computed. 
After the first shift, the mean weight of the shifted 
curve should also be computed. The next step is to 
decide whether the next curve should be shifted to 
the right or left of the first shifted curve. If 
the mean weight of the first shifted curve is above 
the expected weight obtained from the average GVW 
factor , the second shifted c urve s hould be somewhere 
between the original curve and the first shifted 
curve. The position of the second shifted c.urve can 
hP. cnrefully chosen so as to minimize the number of 
shifts. 

PREDICTIONS OF AXLE WEIGHT DISTRIBUTION AND 18-KESAL 

In the estimation of highway maintenance and rehabil
itat i on cost, an important input is the prediction 
of t otal 1 8-KESAL. The axle weight d ist r ibut i on 
directly affects the computation of total 18-KESAL. 
A method for predicting axle weight distributions 
for selected vehicle classes was developed. 

Estimation o f Tandem-Axle We i gh t D'istribution 

The procedure was developed in order to focus on two 
types of trucks: 3A and 3-52. Axle weight predic-



Transportation Research Record 920 

t ions for 20 and 2-Sl-2 were eliminated because the 
available data sources for truck weights (W-4 tables) 
do not allow distinction between loaded axle distri
butions (i.e., steering axle versus rear or loaded 
axles). For 3A and 3-52, the axle weight distribu
tions given in the W-4 tables allowed separation of 
the steering axles from the loading axles. An in
vestigation of steering-axle weight distribution 
facilitated a new approach for the vehicle classes. 

For the single-unit truck symbolized by 3A, the 
single-axle data given in the W-4 tables are the 
steering-axle data, whereas the tandem-axle data are 
for loading axles. Therefore, the GVW is 

GVW =SAW+ TAW 

where SAW is single-axle weight and TAW is tandem
axle weight. For the 3-S2, which has one single 
axle (steering axle) and two tandem axles, the GVW 
may be expressed as 

GVW =SAW+ ~(TAW) (I) 

Attempts were made to relate the GVW, SAW, and 
TAW weight distribution data for 3A and 3-S2. The 
approach was to explore the relation among GVW, SAW, 
and TAW for 3A and 3-S2 so that a TAW distribution 
could be predicted directly from the GVW distr ibu
t ion. 

Therefore, let GVW(i%), SAW(i%), and TAW(i%) be 
the GVW, SAW, and TAW at i percent along the true k 
weight cumulated percentage curves for either 3A or 
3-S2. For the single-unit trucks represented by 3A, 
prediction of TAW(i%) was based on 

TAW3A (i%) = GVW(i%) - SAW(i%) (2) 

and for 3-S2, 

TAW3 _gz(i%) = GVW(i%)-SAW(i%) (3) 

In the analysis, predicted TAW values were com
pared with data collected in the annual Texas weigh
ing operation. Once the TAW( i%) values were ob
tained, a predicted cumulative percentage curve was 
constructed. The predicted TAWs and the actual TAWs 
were plotted in a graph for comparison. Data col
lected over a period of several years were used to 
test the relations stated in Equations 2 and 3. The 
years selected represent a spectrum of different 
conditions. Year 1974 was used to reflect the weight 
distribution before the changes in Texas weight 
limits. Year 1976 was known as an unusual year in 
that the weight data reflected a significant increase 
in truck weights after the 1975 change. Year 1979 
was used to reflect the latest trends. The distri
bution curves for 3-S2 are shown in Figure 3. Along 
with the distribution curves, the predicted and ac
tual TAW distribution data were also analyzed for 
the goodness-of-fit with the chi-squared values given 
in the following tables. The first table gives the 
chi-squared values for the 3A: 

Year Chi-Sguared Value 
1970 20.68 
1974 75.06 
1976 19.58 
1979 18.24 

The next table gives the chi-squared values for the 
3-S2: 

~ Chi-sgua red Value 
1970 9.0 8 
1974 33.85 
1976 12.87 
1979 10.35 
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Figure 3. Comparison of actual and expected tandem-axle distribution for 
3-S2 on Texas Interstate rural highways. 
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Both the graphics and the chi-squared values indicate 
that the predicted TAW distribution agrees closely 
with actual field data . 

From the study of GVW and axle weight distribu
tions, it can be concluded that a simple relation of 
GVW, SAW, and TAW for a single truck is applicable 
to the weight distribution data. The relations 
stated in Equations 1 and 2 are valid for 3A and 
3-S2 weight distributions, respectively. Thus, for 
a given year, if GVW and SAW. distributions are avail
able, it is possible to obtain the TAW distribution. 
This finding is essential for predicting TAW distri
butions and 18-KESAL as a result of a change in the 
legal truck size or weight limits. 

Predic tion for Tandem- Ax l e We i ght Di st ribut i on Under 
Propos ed Truck We ight Limi ts 

From the extensive study of truck weight distribution 
patterns, it was observed that the change in axle 
weight as well as GVW limits in 1975 did not change 
the distribution of steering-axle weight. This 
observation is based on the analysis of steering-axle 
weight distribution curves. Because of practical 
consideration and concern for operational safety, 
the steering-axle weight distribution did not change, 
even though the weight laws changed. Thus, for pre
diction purposes, it is suggested that the current 
steering-axle weight distribution be used as an esti
mate of the future steering-axle weight distribution 
under the changed legal limits. Similarly, it is 
possible to predict a tandem-axle weight distribution 
for both 3A and 3-S2 with the application of the 
average GVW factor concept mentioned previously. 
The procedures are shown in Figure 4. 
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Figure 4. Flowchart for predicting tandem-axle weight distribution for 3A and 
3-S2. 
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START 

Obtain a GVW Distribution for the 
Proposed Truck Wei)!,ht Limit s by 

Using the Average GVW Factor 
Methodology 

Obtain a SAW Distribution for 
the Truck ~ype from the 

Latest Truck Weight 
Data in W-q Tables 

From tt1e Distribution Curves t 
Read GVW (i%) and 

Obtain TAW(i%) 
by using TAW (i%) 
GVW(i%) - SAW(i%) 

3-A 

SAW (i%) 

3-52 
Obtain TAW(i %) 

by Using TAW(i%) 
0.5 GVW(i%) - SAW(i%) 

Con s truct a TAW Distribution 
Curve [or the Vehicle Type 

The procedures used to predict the tandem-axle 
weight distribution are as follows: 

1. When the previously stated methodology is 
employed, use the average GVW factor to obtain the 
GVW distribution curve under a proposed truck weight 
limit. 

2. Obtain the SAW distribution for the truck 
type from the latest weight data in the W-4 tables. 

3. Read the GVW(i%) and SAW(i%) values from the 
GVW and SAW distribution curves. 

4. Use the appropriate equation for each truck 
typei i.e., for 3-S2, 

TAW{i%) = 0.5 (GVW(i%)-SAW(i%)] 

and for 3A, 

TAW(i%) = GVW{i%) - SAW{i%) 

5. From the TAW(i%) values, plot the distribution 
curve. 

To illustrate the application of the procedure, 
an example that uses the 3-S2 on Texas Interstate 
highways is provided in the next section. 

An illustration of the actual and predicted values 
by using TAWEXP, a program that predicts tandem-axle 
weight for 3A and 3-S2 by using the previously men
tioned procedures, is shown in Figure 5. A chi
square test of the actual and predicted curve was 
performed and found to be acceptable. 

Calculation of 18-KESAL 

To assess the pavement impact due to changes in legal 
weight limits, the 18-KESAL applicat ions have to be 
computed under the current and proposed weight 
limits. The data source used in the computation of 
the total number of 18-KESAL is the w-4 tables. 
Equivalent factors for both flexible and . rigid pave
ments are provided in the W-4 tables. These factors, 
when multiplied by the number of axle loads within a 
given weight interval, give the number of 18-KESAL 
applications. The summation of the load applications 

STOP 

Figure 5. Comparison of actual and predicted tandem-axle weight distributions 
for 3-S2 on Texas Interstate rural highways. 
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throughout the whole span of weight intervals gives 
the total loading effect on the pavement by the sam
ple trucks. Equivalent factors for other pavement 
conditions may be obtained by the equations or nomo
g raphs provided in the AASHTO "Interim Guide for 
Design of Pavement Structures" (6). 

The 18-KESAL applications fo;- the proposed weight 
limits can be computed from the shifted axle weight 
distribution curve. Both the procedures and the 
example of shifting GVW and axle weight distribution 
curves have been presented. In this section, an 
example is used to illustrate the application of the 
shifting methodology in arriving at the 18-KESAL 
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applications. The flowchart in Figure 6 summarizes 
t he procedure. 

For illustrative purposes, the predicted tandem
axle weight distribution obta i ned earlier i s again 
used to compute the equivalent 18-kip axle load. 
Both flexible and rigid pavement 18-KESAL for actual 
and predicted axle weight distributions are given in 
Table 5. The differences between the actual and 
predicted 18-KESAL are less th~n 1 percent for both 
the rigid and flexible pavements. 

Conunent on Shifting Methodology 

The shifting procedure for GVW distribution depends 

Figure 6. Shifting procedure and computation of 18-KESAL. 

START 

Compute the Practical Maximum GVW 
for a Specific Type of Truck, 

e.g., 3A or 3-52 

Obtain the Appr op riate Average 
GVW Factor f rom Table 

Expec ted Average GVW ~ PMGVW*AGVWF 

Use Either the Manual Procedure Provided 
in Chap ter 4 or Compute r Program 

SHIFTIN to Obtain a Shifted 
GVW Curve 

Obtain the Lates t Single Axle \~ei gh t 

Distribution Curve for the Truck Type 

Use TAWEXP t o Arrive at the 
Expected TAW Distribution 

Obtain T&K-Equivalen t Factors from AASHTO 
Guide or W-q Table to Compute 18 KESAL 

Sum up the 18-Kip Esal 

STOP 

Table 5 . Computation of actual and predicted 
18-KESAL for flexible pavement for 3-S2 on 
Texas Interstate highways. 

Weight Groups 

0-5,999 
6,000-11,999 
12,000-17 ,999 
18,000-23,999 
24,000-29,999 
30,000-32,000 
32 ,001-32,500 
32,501-33,999 
34,000-35 ,999 
36,000-37 ,999 
38 ,000-39 ,999 
40,000-41,999 
42 ,000-43,999 
44,000-45,999 
46. 000·4 9 ,9 99 
50,000-55,000 

I; 

Observed 
Sample 

1 
848 
790 
676 

1,019 
519 
135 
312 
222 
l 16 
53 
32 
13 

4 
2 
2 

4,744 
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on the GVW distribution data. Its accuracy is di
rectly affected by the size and quality of the sam
ples. The shift for TAW distribution depends on 
both GVW and SAW distributions. Therefore, the ac
curacy of the prediction of future axle weight dis
tributions depends on the quality of current axle 
weight distribution data and the sample size. 

To remedy the deficiency in sample size, users 
may combine data of the same truck type from differ
ent years. Thi s may be significant for the steering
axle distribution of 3A and 3-S2 because the SAW 
distribution curves did not shift significantly 
throughout the years. Hence combining the data will 
improve the accuracy of prediction. 

SUMMARY AND RECOMMENDATIONS 

The objective of this study was to develop a shifting 
methodology that could be used to predict future GVW 
and axle weight distributions and 18-KESAL applica
tions in response to changes in laws governing the 
size and weight of trucks. 

While developing the Texas Shift, the following 
concepts were introduced to facilitate more precise 
predictions. 

1. Extensive use of historical data in projecting 
future distribution: Several computer programs were 
written to facilitate analysis and modeling. 

2. Use of statistical methods in analyzing his
torical data: Statistical tests such as the chi
square test and student t-tests are used extensively 
in the procedure. Computer statistical packages 
such as the Statistical Package for the social Sci
ences {SPSS) and MINITAB were used in data sorting 
and analysis. 

3. Computer application in conducting the shift
ing procedure: Due to the large amount of historical 
data and a large number of required input parameters, 
use of computers became a necessity. 

4. Concept of using mean and variance to predict 
future distribution: Both the mean and variance for 
the weight distribution curves usually suggest spe
cific trends over a period of time that can be repre
sented by regression models. By using these models 
these two parameters may be predicted for future 
truck weight distributions. The suggested shifting 
procedure enables one to obtain a future weight dis
tribution curve with acceptable precision. 

5. Concept of using an average GVW factor for 
projecting average GVW under a proposed limit: The 
average GVW factor is used to relate a known param-

Flexible Pave-
ment 18-KESAL Observed Predicted 

Predicted Equivalence 18-KESAL 18-KESAL 
Sample Factor Applications Applications 

25.6 0.010 0.01 0.3 
927.5 0.010 8 .48 9.3 
820.7 0.044 34.76 36.l 
586.4 0.1480 100.05 86.8 

1,962 .2 0.42 60 434,09 452 .5 
390.4 0.7 530 390.81 294.0 

70.2 0.8850 I 19.48 62.l 
201.6 1.0020 312.62 202.0 
216.8 1.2300 273.06 266.7 
212.I 1.5 330 I 17.83 325.I 
186.9 1.8850 99 .91 352.3 

12.3 2.2890 73.25 28.2 
I 2.3 2.7490 35.74 33 .8 
12 .8 3.2690 13.08 41.8 
6.2 4.1700 8.34 25 .9 

_.QJJ 5.100 ---1Q1.Q. __Q,Q_ 

4,744,0 2,092.00 2,2 17.0 

Note: t. = (2,217 - 2,092)/2,092 = 5.98 perce nl. 
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eter to an unknown parameter (for example, the fu
ture maximum GVW to the future average GVW) . From 
the proposed truck weight limits, the future maximum 
practical GVW may be derived for a certain truck 
type. By multiplying the future maximum practical 
GVW with a given average GVW factor, the estimated 
average GVW for that truck type under the proposed 
limits may be obtained. Once the future average GVW 
is obtained, a future truck weight distribution may 
be projected by using the shifting methodology sug
gested herein. 

Although the main data set came from the Texas 
Interstate system, the shifting procedure can be 
used for other types of highway systems and is con
sidered applicable to other states. For a long-term 
investment on the existing federal and state highway 
systems, it is strongly re~ommended that truck 
weighing activities be intensified and operating 
efficiency be improved. 
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Truck Size and Weight Enforcement: A Case Study 

C. MICHAEL WALTON AND CHIEN-PEI YU 

In this paper the current state regulations affecting motor vehicle sizes and 
weights, the agencies involved directly or indirectly in the enforcement of these 
regulations, the characteristics of oversize and overweight vehicle movements 
within the state (both legal and illegal), and the cost of these vehicle move
ments to the state are discussed. The characterization of oversize and over
weight movements in Texas is emphasized. To study the economic effects to 
the state, a 100 percent compliance case was set up to compare with the actual 
case. The case study of Texas showed that, although the current oversize and 
overweight movements may save the trucking industry up to $1.4 billion over 
the next 20 years at current conditions, these movements are estimated to cost 
the state an additional $261 million over the same 20-year period. Similarly, 
enforcement of the state laws is estimated to result in only $84 million if the 
current fine and permit fee structure is maintained. It was recommended that 
the current fine and fee structure be revised to discourage violation. 

Due to the growth of truck traffic, interest in the 
effects of change in motor vehicle size and weights, 
and the challenqe of perpetuating the nation's high
way infrastructure, Texas has sponsored a series of 
truck size and weight investigations. These studies 
have focused on gaining a better appreciation of 
these trends and how tci best integrate them into a 
rational decision framework for future highway pro
grams and activities. The issues of legal limits, 
enforcement, and permitting were combined into a 
case study of the Texas experience, which may provide 
information and assistance to other states. 

Almost two-thirds of all Texas communities depend 
entirely on trucks for service, and 98 percent of 
the fresh fruits and vegetables and 99 percent of 
the livestock are transported to principal markets 
by trucks !!) . The importance of load limits and 
highway design practices was recognized early in the 

history of highway development. This interrelation 
led directly to limitations on vehicle loads, and 
laws were enacted in many states to establish maximum 
allowable motor vehicle sizes and weights (2). The 
first such law in Texas was enacted in 1929 (3). 
Since then the law has been modified several tim";s. 
The most recent major changes of the law occurred in 
1975, when the maximum gross vehicle weight was 
raised to 80,000 lb, · the maximum single-axle load to 
20,000 lb, and the maximum tandem-axle load to 
34,000 lb. 

As the highway system in Texas matured and there 
was a shift in emphasis from construction to mainte
nance and rehabilitation, the enforcement of motor 
vehicle size and weight laws became a highlighted 
issue. Strict enforcement of motor vehicle size and 
weight laws is a step toward reducing motor vehi~le 

size and weight violations, heavy truck accidents, 
and, even more, highway maintenance and rehabili ta
t ion expenditures. 

The various governmental units in Texas that are 
involved in regulating or enforcing the regulations 
on motor vehicle sizes and weights include the De
partment of Public Safety (DPSi , the Texas State 
Department of Highways and Public Transportation 
(TSDHPT), the Office of the Attorney General (AG), 
the Texas Railroad Commission (RRC), and the Justices 
of the Peace (or the county court system) . Among 
these governmental units, the DPS has the most 
direct role in enforcing size and weight laws. 

A study was undertaken to summarize the current 
size- and weight-related activities in Texas and to 
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present an analysis of current oversize and over
weight truck movements within the state based on 
existing available data. The following major areas 
are discussed in this paper: 

1. A brief . overview of the development of size 
and weight limits in Texas; 

2. Characteristics of size and weight violations 
and legal oversize and overweight permit operationsi 
i.e., characterization of both the size and weight 
violations and legal permit operations in the statei 
and 

3. The cost of oversize and overweight operations 
to the statei i.e., an estimate of the costs is pre
pared with the objective of bounding the significance 
of this particular aspect of the more global issue. 

METHODOLOGY 

For evaluation of pavement rehabilitation costs, 
programs based on AASHO Road Test results were used 
to calculate equivalent single-axle load (ESAL). 
The REHAB model from TSDHPT was used to translate 
ESAL figures into dollar costs. A methodology iden
tical to that used and documented in the first part 
of the study was used to compute vehicle operating 
cost and fuel consumption (4). 

In order to evaluate the cost of highway rehabil
itation due to oversize and overweight trucks, two 
cases were selected for comparison. Case 1 repre
sents actual conditions as reflected in the 1980 
truck weight survey, where oversize and overweight 
trucks were included in all computations. Case 2 

represents an artificial 100 percent compliance con
dition in which_ 1980 data were modified so that all 
vehicles were running at or below the legal maximum. 
Total payload for both case 1 and case 2 remained 
the same. These two cases were selected in order to 
bound the cost of highway rehabilitation due to over
size and overweight trucks and the benefits in terms 
of truck operating cost differences between violators 
and nonviolators. 

The study was restricted to data for the first 9 
months of 1980 because comparable data were not 
available after September 1980 and prior years' data 
were not maintained by DPS. 

CHARACTERISTICS OF ILLEGAL OVERSIZE AND OVERWEIGHT 
VEHICLES ON TEXAS HIGHWAYS 

There are three types of oversize and overweight 
vehicles on Texas highways--those operating (a) il
legallyi (b) with a permiti and (c) under special, 
separate legislations (e.g., ready-mixed concrete 
trucks; vehicles transporting cotton seed modules, 
fertilizer, milk, poles, piling, unrefined timber, 
electric power transmission poles, and unladen lift 
equipmenti and cotton trucks). 

Operation of illegal oversize and overweight 
trucks was characterized according to the following 
items: category of violation (oversize, overweight, 
and so on), monthly, location, highway class, vehicle 
body type, permit category, carrier type, amount 
overweight, disposition, vehicle lease status, and 
fine levied. 

Ca tegory o f Vi ola t i on 

There are four categories of size or weight viola
tions: 

1. Single-axle weight in excess of 20,000 lbi 
2. Tandem-axle weight in excess of 34,000 lbi 
3. Gross vehicle weight (GVW) in excess of the 

permissible maximum [the permissible maximum for 
both 3-S2 and 2-Sl-2 is 80,000 lb, for 2D it is 
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40,000 lb, and for 3A it is 54,000 lb, legal maximum 
GVW for other vehicle types is the sum of all legal 
axle weights (GVW not to exceed 80,000 lbJJ1 and 

4. Vehicle size in excess of those permitted 
by law. 

Monthly Freguency and Location 

Violations were also studied according to the month 
of occurrence. Figure l plots the frequency of vi
olation versus month. It appears that weight viola
tions peak during the months of April, May, June, 
and July, whereas size violations show relatively 
the same peak all the way into September. 

An effort was made to determine the spatial dis
tribution of size and weight violations by county 
throughout the state. Violations in each county 
were analyzed in relation to their major business 
category. Interviews were also conducted with expe
rienced personnel regarding the causes of violations 
in different counties. The results suggest that 
independent grain, gravel, and log transporters are 
the major recorded violators in Texas. [These data 
were from an interview with Ins pector Haddock, Traf
fic Law Enforcement Division, DPS, on May 6, 1981.J 

Highway Class 

The violation data were also arranged according to 
highway class. The four different types of viola
tions on each class of highway are given in Table 
1. Data show that 61. l percent of the cases filed 
took place on u.s. and state highways, 27.7 percent 
on Interstate highways, 9.6 percent on farm-to-market 
roads, and 1.5 percent on other highways. However, 
a rather different picture emerges when these viola
tion cases are compared on a per mile or per lane
mile basis. On a per mile basis, the number of vi
olations that occur on Interstate highways is about 
6 times that on other state highways. This indi
cates that, on a mileage or lane-mileage basis, the 
Interstate highways have the highest rate of re
corded violations. The table below gives the viola
tion rate on a per mile basis : 

Rural 
Highway 
System Mileage 
Interstate 1,395 
Other main 17,725 
Farm-to-market 29,674 

No. of 
Vio la t i ons 

9,194 
20,249 

3,193 

Violations 
per Mile 
6.59 
1.14 
0.11 

Figure 1. Histogram of violation frequency versus months (by category). 

2400 

2200 

2000 

1800 -

1600 -

,.. 1400 
u 
c 

" 1200 " ~ .:: 1000 

800 

600 

400 

200 

0 

I 3 5 7 9 I 3 5 7 9 I 3 5 7 9 I 3 5 7 9 Month Midpoint 

~1 ---1 1--- 2~1 ~ 3------t f-- 4----l Violation 



28 Transportation Research Record 920 

Table 1. Oversize and overweight violation 
cases by highway class. Overweight Violations Oversize Overweight and 

Violations Oversize 
No. by Violation Code Violations 

Road Class 2 

Interstate 276 2,752 
Other main 512 3,240 
Farm-to-market 89 481 
Other 24 100 

aTotal of all violations (1-4). 

Table 2. Analysis of size and weight violation cases filed by body type. 

No. of Violations by Code Type 
Vehicle Total Percent 
Type 2 3 4 Violations of Total 

Float 170 1,858 3,831 3,589 9,718 29.l 
Pole 22 178 1.470 194 1,864 5.6 
Tank 33 827 2:342 20 3,222 9.7 
Refrigerator 12 155 198 64 423 1.3 
Van 55 369 505 176 1,105 3.3 
Livestock 25 139 238 360 762 2.3 
Dump 257 2,482 11,060 147 13,946 41.8 
Special 31 513 749 783 2,076 6.2 
Unknown 4 52 96 64 216 0.6 
Passenger car 9 9 0.0 

This next table gives the violation rate on a per 
lane-mile basis: 

Rural 
Highway 
System 
Interstate 
Other main 
Farm-to-market 

MiJ..eage 
9,066 

40,131 
59,392 

No. of 
Violations 

9,194 
20,249 

3,193 

Violations 
per Lane -Mile 
1.01 
0.50 
0.05 

[Note that these data are from TSDHPT records as of 
August 31, 1981.] 

Another comparison was made based on truck vehicle 
miles of travel (VMT) for each hiqhway system. A 
comparison was made by dividing the number of viola
tion cases filed for each highway system by the total 
VMT on each respective highway system. The computa
tion indicates that the other main rural hiqhways 
(U.S. and other state highways) have the highest 
rate of violation per VMT, followed by Interstate 
highways and farm-to-market roads. 

Body Type 

The size and weight violation records released by 
DPS also give the body types of vehicles found to be 
oversize or overweight. The results of the body-type 
analysis are summarized in Table 2. The data indicate 
that 41.8 percent of all oversize and overweight 
vehicles are dump trucks and approximately 29.1 per
cent are float trucks. Dump trucks are the most 
frequent violators of weight limitations ( 50 per
cent), whereas float trucks (a truck combination 
with a flatbed trailer that has no. side boards) vi
olate size limitations most often (66.4 percent). 

Permit Category 

The DPS size and weight violation data were analyzed 
according to permit cateqory. The findings revealed 
that 52.6 percent of the weight violations were com
mitted by private carriers and 42.B percent by spe
cial carriers. Also, 59.3 percent of the size vi
olations were attributed to private carriers and 

No. by Viola-
3 Total Percent tion Code 4 Percent Total' Percent 

4,498 7,526 26.9 1,668 32.4 9,194 27.7 
13,468 17,220 61.5 3,029 58.8 20,249 61.1 
2,246 2,816 JO.I 377 7.3 3,193 9.6 

298 422 1.5 79 1.5 501 1.5 

3 7. 2 percent to special carriers. Common carriers 
as well as contract carriers have low rates of vi
olation. These data correspond to comments rendered 
by nPS µ,.u;onnel with respect to their observation 
that independent trucks are the siqnificant chal
lenqe to License and Weight officers (according to 
interview data from Inspector Haddock). 

Lease Status 

An analysis of size and weight violation data accord
ing to lease status indicated that more than two
thirds of the violations are by unleased vehicles. 

Type of Carrier 

A review of the violation cases filed according to 
type of carrier indir.ated that intrastate carri<>r" 
committed 83.4 percent of all weight violations and 
82.9 percent of all size violations, whereas inter
state carriers committed only 10.5 percent. Exempt 
carriers committed only 6.2 percent of the violations 
(intrastate, 2.6 percent; and interstate, 3.6 per

cent) • 

Amoun t Ove·r weight 

DPS violation records provided the distribution of 
excess over registered weight each vehicle was carry
ing. It is observed that most vehicles exceed their 
registered weight by 4,000 to 8,000 lb, although a 
few exceed it by as much as 50,000 lb. 

Disposition of Cases 

During the first 9 months of 1980 there were 22,833 
size and weight violation cases filed by DPS License 
and Weight officials. Of these cases, 22,502 (98.6 
percent) resulted in fines administered in the courts 
and 323 (1.4 percent) met other dispositions. 

Fine Analysis 

:; ection 1!> (b) ot Article f>'/Uld-11 ot the Revised 
Civil Statutes of Texas states, "Any person, corpo
ration or receiver, who violates any provision of 
this Act shall, upon conviction, be punished by a 
fine of not more than Two Hundred Dollars ($200.00) ." 
Previous law stipulates a minimum of $25 for a first 
conviction. The court fee f or processing a c ase is 
usually $3.50. The data in Figure 2 show the dis
tribution.by amount of fine charged. Average fines 
range from $28. 75 to $40.41. Paxson and Glickert 
(2) discussed the influence of the inadequate fine 
structure on truckers' tendency to overload. When 
the amount of fine likely to be charged times the 
probability of being caught is far below the profit 
that can be obtained by running overloaded, an incen
tive exists to run overloaded. 

,.. 
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Figure 2. Distribution of fines charged by the court for 
each category of fine. 
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CHARACTERISTICS OF OVERSIZE AND OVERWEIGHT PERMIT 
OPERATIONS 

The characteristics of legal oversize and overweight 
permit operations are discussed according to permit 
type, time length of permit, location where permit 
is issued, and historical trend. 

Permit Type 

As indicated previously, TSDHPT issues five types of 
permits to applicants for oversize and overweight 
movement: 

1. Permit 598--movement of concrete beamsi 
2. Senate Bill 290 permit--oil field activities 

such as oil well drilling, cleaning, and servicing 
equipmenti 

3. Permit 591--movement of mobile homesi 
4. Permit 438--general oversize and overweight 

vehicle movementi and 
5. Permit 1407--oversize and overweight permit 

issued through telecommunication. 

Detailed permit issuance data .from September 1, 
1979, to August 31, 1980, were made available to the 
researchers. Analyses indicate that oversize and 
overweight permits represent 77.6 percent of the 
permits issued. 

Based on another set of data obtained from TSDHPT, 
which classified all permits as oversize only, over
weight only, or oversize and overweight, the data in 
the table below give the distribution of permits 
issued from October 1, 1978, to September 30, 1980: 

Distribution of Permits 
10/01/78 to 10/01/79 to 
0 9/3009 09£'.'.30£'.'.80 

Type of No. No. 
Permit Issued Percent Issued Percent 
Overweight only 6,518 1.5 6,137 1. 3 
Oversize only 102,961 24.2 205,924 22.7 
Oversize and 3151464 74.2 3531682 75.9 

overweight 
Total 424,943 465,743 

Time Length and Fees 

The Revised Civil Statutes of Texas Cll allow four 
types of permits according to time length: (a) 
single trip, (b) 30 day, (c) 90 day, and (d) annual. 
During 1978 and 1979 single-trip permits comprised 
about 94 percent of all the permits issued. The 

fees collected from each type of permit and their 
share of the total are given in the table below: 

Permit Permits Issued Fees Collected 

~- No. Percent Amount ($) Percent 
598 3,270 0.7 16,350.00 0.4 
SB290 4,812 1.0 556,298.52 18.6 
591 80,650 17.3 403,255.56 13.5 
4 38 361,368 77.6 1,929,347.06 64.8 
1407 15,643 3.4 78,215.00 2.6 
Total 465,743 2,993,466.14 

SB290 permits consitute only 1 percent of the 
total issued, yet fees collected from the sale of 
this permit constitute 18. 6 percent of the total 
collection. This is explained by the fact that a 
large number of SB290 permits are 30 day, 90 day, or 
annual--all of which cost substantially more than 
single-trip permits. 

Over the past few years there has been a steady 
increase in the issuance of oversize and overweight 
permits. The data in the table below summarize the 
number of permits issued over the past 4 years: 

No. of Increase Over 
Date Permits Previous Year (%) 

10/76 to 9/77 360,000 12.7 
10/77 to 9/78 406,000 4.7 
10/78 to 9/79 425,000 4.7 
10/79 to 9/80 466,000 9.6 

CHARACTERIZATION OF OVERSIZE AND OVERWEIGHT 
OPERATION FROM ANNUAL TRUCK WEIGHT SURVEY 

1'he annual truck weight survey conducted by the 
states in cooperation with FHWA is a third source of 
information on oversize and overweight operations in 
the state. In Texas the annual truck weight survey 
is conducted through the weigh-in-motion method in 
which a truck is weighed through some electronic 
devices while in motion. Due to the nature of the 
scheme it is not possible to know if the trucks 
passing over the weighing equipment possess legal 
oversize and overweight permits or are overloading 
illegally. Nevertheless, the results obtained from 
such data are objective and present the opportunity 
to gauge actual oversize and overweight operations 
on the highways. 

In Texas truck weight data are collected through 
five permanent weigh stations, three of which are 
located on Interstate highways and two on other state 
highways. Collected data can be checked through a 
computer program to determine whether or not a truck 
is overloaded. Results indicate that 3-S2, the most 
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Figure 3. Historical trend of oversize and overweight 
movements on Texas highways, 1959-1980. 
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commonly used truck carrier on Texas highways, is 
the truck group most often operating overweight. 
This is followed by 2-Sl-2 on Interstate highways 
and 3A on other main highways. Because of its lesser 
frequency of operation on other state highways, 
2-Sl-2 has not been a major contributor to overweight 
operations on those highways. The 3A, which consti
tutes a large portion of the traffic on other main 
highways, has been found to operate overweight in 
large numbers on those highways. 

A summary of the percentage of vehicles overweight 
on variou~ highway sy~tcrns from 1959 through 1980 is 
shown in Figure 3. The data suggest that there has 
been an upturn in overweight trucks on highways since 
1974. Hence in 1980, 22.98 percent of all trucks on 
Interstate highways and 32.01 percent on other state 
highways were overweight. This is a significant 
increase from the 5.08 percent on Interstate and 
8.60 percent en ether state highways noted from the 
same data files for 1974. 

COST OF OVERSIZE AND OVERWEIGHT OPERATIONS TO 
THE STATE 

In an attempt to gain a perspective of oversize and 
overweight operations, an assessment of selected 
economic effects was undertaken, which include 

1. Increased pavement maintenance and rehabili
tation cost due to increased pavement damage; 

2. Increased highway structure (bridges, cul
verts, and so on) maintenance and rehabilitation 
cost due to accelerated damage by oversize and over
weight trucks; 

3. State expenditures to enforce vehicle size 
and weight laws, which include DPS expenditure for 
License and Weight Service and TSDHPT expenditure 
for maintaining permit issuance operations; 

4. Savings to the nwnP.r-opP.ratnrs nf nvPrfli 7.e 
and overweight trucks from reduced vehicle operating 
cost; and 

5. Economic benefits accrued through the issuance 
of oversize and overweight permits for special truck 
movements (e.g., concrete beams, mobile homes). 

·.fne forego i ng list is only a or i e f and partial 
summary of the economic effects of oversize and over
weight vehicle operations. In order to arrive at an 
estimated cost of the economic effects of oversize 
and overweight vehicle operations, two cases were 
structured. The first case represented the existing 
condition with respect to the current distribution 
of sizes and weights of vehicles operating on the 
highway system. In this case truck weight data from 
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the 1980 truck weight survey were used. The second 
case represented an artificial 100 percent compliance 
condition in which all vehicles were running at or 
below maximum size and weight limits. To represent 
the second case, data from the 1980 truck weight 
survey in Texas were modified by removing all over
weight vehicles from the truck fleet and reassigning 
their payloads to a fleet of vehicles that would 
carry their payloads at the maximum permissible load. 
This analysis was based on 1980 truck weight survey 
data and, hence, its results must be qualified by 
the reliableness and the representativenes·s of the 
1980 truck weight survey. 

Data representing case 1 and case 2 were used in 
conjunction with the computer program "Trucky," which 
calculates total payload per 100 vehicles, total 
number of load vehicles, truck operating cost, fuel 
consumption, and ESAL on rigid or flexible pavement. 
These figures, together with tcn-mileag€ and truck 
traffic forecasts, were input into a program cal\ed 
"Twenty," which generates a 20-year forecast for 
ESAL for rigid and flexible pavements, vehicle oper
a ting cost, and fuel consumption (_!). The data in 
Table 3 give program Twenty's computation for both 
case 1 and case 2. It is clear that in case 2 (the 
100 percent compliance condition) pavement damage is 
lessened and pavement life is extended. 

Estimated ESAL figures for each highway type were 
then input into the REHAB program at TSDHPT. This 
program generated pavement rehabilitation cost esti
mates for the next 20 years. Pavement rehabilitation 
cost figures were based on unit cost data taken from 
the 12-month moving average of statewide bid pr ices 
(January to December 1980). For 1980, estimated 
extra pavement cost due to oversize and overweight 
trucks is approximately $9 million. Estimated damage 
for the next 20 years is approximately $125 million. 
An estimate was not made for the impact on bridges. 

Attempts were al110 m•de to e11tim•te government 
expenditures associated with the enforcement of size 
and weight laws. Expenditures for permit operations 
by the License and Weight Service (DPS) and TSDHPT 
were considered as the two major outlays in this 
area. The 1980-1981 fiscal year budget for DPS Li
cense and Weight Service is $3. 845 million. The 
oudget leve i proposed for 1961-1962 and 1982-1963 
reflects substantial increases. To estimate expen
ditures for the next 20 years at the current enforce
ment level, an average of the annual budget from 
1980-1983 is used. In forecasting 20-year permit 
operation expenditures for TSDHPT, the 1960 expendi
ture figure is used. Hence the estimated 20-year 
expenditure (in constant 1980 dollars) is $96. 607 
million for the DPS License and Weight Service and 

,.. 
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Table 3. Comparison of estimated 18-kip ESAL for cases 1 and 2, 1980·1999. 

18-kip ESAL for Next 
20 Years 

Item Case 1 a Case 2b 

Interstate highways 
Rigid pavement 15,333,025 14,287,704 
Flexible pavement 9,865,324 9,329,357 

Farm-to-market roads 
Rigid pavement 161,797 136,040 
Flexible pavement 101,014 84,770 

Other state highways 
Rigid pavement 1,634,257 1,402,829 
Flexible pavement 1,037,768 899,565 

Note: AJJ figures shov.m above are per mile figures. 

~Case 1 is bused on ac1 u1al fieJd data. 
Case 2 is an artificial rrtSI!' in which no overloading exists. 

Ratio of 
Pavement Life in 
Case 2 to Case 1 

1.07 
1.06 

1.19 
1.19 

1.1 6 
I.I S 

$ 38. 857 million for oversize and overweight permits 
(TSDHPT) for a total of $135.464 million. The state 
costs (in constant 1980 dollars) from oversize and 
overweight vehicle movements for 1980 as well as 
those estimated for the next 20 years are summarized 
in the table below (note that highway bridge struc
tures are not included in the highway costs): 

1980 Base 20-Year Cost 
Year Cost Forecast 

Category 1sooo. ooosi ($000, OOOs) 
Administrative 

DPS 3.667 96.607 
TSDHPT _Wil _ .38.857 
Total 5.610 135.464 

Highway pavement -~ 125.105 
maintenance and 
rehabilitation 

Total 14.618 260.569 

Nevertheless, the trucking industry is estimated 
to derive financial savings from oversize and over
weight operations. These financial savings, accrue 
primarily in the form of vehicle operating cost sav
ings, which include savings on fuel, labor costs, 
and so on. Estimated vehicle operating cost for the 
next 20 years is given in the table below, which 
indicates that the cumulative vehicle operating cost 
savings are estimated to be $1.3 billion, or about 5 
times the cost accrued to the state (note that costs 
are in constant 1980 dollars) : 

Cost ($000 1000s) 
Case 2 -

Highway Class Case 1 Case 2 Case 1 
Interstate 43,015.568 43,427.682 412.144 
Farm-to-market 9,294.951 9,437.702 142.751 
Other state 37[382. 574 381145 .109 762,535 

highways 
Total 89,693,093 91,010.493 1,317.400 

Considering these findings, the next question to 
address is whether the oversize and overweight vehi
cles have been paying for the damage, if any, to the 
highways. The operators of oversize and overweight 
vehicles may reimburse the state in two forms. The 
first is through fees charged by TSDHPT for oversize 
and overweight permits, and the second is through 
fines levied by the courts for size and weight vi
olations. The actual amount of fines levied against 
violators during the first 9 months of 1980 was 
$914,716, This figure was multiplied by four-thirds 
to obtain the estimated fine for the whole year. 
Receipts from permits issued during the 1979-1980 
fiscal year amounted to $2,993,466. Costs and bene
fits from oversize and overweight operations for 
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cases 1 and 2 over the next 20 years are given in 
the table below: 

Item 
Savings in vehicle operating cost 
Truckers' payment for oversize 

and overweight operations 
Fines for size and weight 

violations 
Payment for oversize and 

overweight permits 
Total 

Net savings to the 
trucking industry 

Cost ($) 
1,317,710,000 

24,392,000 

591869,000 

84,261,000 

1,233,449,000 

Enforcement activity at the current level is as
sumed for the 20-year estimate. Based on these con
siderations, it is estimated that net savings to the 
trucking industry from oversize and overweight oper
ations in 1980 was about $42.3 million. If current 
enforcement activity is assumed constant for the 
next 20 years, the trucking industry's net savings 
would be approximately $1.23 billion in constant 
1980 dollars. However, it must be emphasized that 
the above figures, particularly pavement maintenance 
and rehabilitation cost, are based on 1980 FHWA truck 
weight survey data, which are a 1-day sample of the 
truck traffic on Texas highways. Because the data 
are collected through five permanent weigh stations, 
and because these stations cover only selected areas 
in the state, the weight survey data may not be rep
resentative of the actual truck weight situation on 
the Texas highway system. Hence the reader must be 
cautioned in using or quoting these figures. 

Some forms of oversize and overweight operations 
a re necessary for the state's economy, such as the 
movements of concrete beams and mobile homes, trucks 
carrying oil well servicing and cleanout equipment, 
and other oil field-related activities. To prohibit 
these oversize and overweight movements would slow 
down the progress of the state's economy. Hence 
permits are still necessary for certain types of 
movements. Nevertheless, illegal oversize and over
weight movements should be strictly regulated to 
preserve the highway infrastructure and reduce public 
nuisance. 

CONCLUSIONS 

The benefits to and the need for certain currently 
permitted oversize and overweight movements are 
readily apparent. Of primary concern, however, are 
illegal oversize and overweight movements. Highway 
vehicle loads must be limited in order to avoid rapid 
deterioration of roadways and the consequent high 
maintenance and rehabilitation costs that both TSDHPT 
and, ultimately, the taxpayers must bear. 

Hence size and weight laws should be strictly 
enforced to ensure adequate protection of the state's 
highway investment. In addition, strict enforcement 
of size and weight laws leads to a reduction in un
fair and illegal competition among the motor carr i
ers. 

The findings of this study can be briefly summa
rized as follows: 

l ·. On a commodity basis, grain, sand, gravel, 
and log transporters are the major recorded violators 
in the state. 

2. Overall, u.s. and state highways have the 
highest number of violation cases filed, followed by 
Interstate and farm-to-market roads. However, on a 
violation per lane-mile basis, the Interstate system 
ran ks fir st, followed by U.S. and state highways and 
farm-to-market roads. 
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3. On the basis of violation cases filed per 
VMT, U.S. and state highways have the highest ratio, 
followed by Interstates and then farm-to-market 
roads. 

4. Through DPS violation files it was discovered 
that dump trucks are the major violators of weight 
1 imitations ( 50 percent) whereas float trucks are 
the major violators of size limitations (66.4 per
cent). 

5. Private and special carriers together consti
tuted 95.4 percent of the weight violation cases 
filed and 96.5 percent of the size violation cases 
filed. Only 0.3 percent of weight violations are 
filed on common carriers and 3.1 percent on contract 
carriersi 1.6 percent of the size violations filed 
are on common carriers and 0.5 percent on contract 
carriers. 

6. When classified according to lease status, 
two-thirds of the cases filed come from unleased 
vehicles and one-third from leased vehicles. 

7. Of the weight violation cases filed, 86.3 
percent were committed by intrastate carriers and 
13. 7 percent by interstate carriers. With respect 
to size violations, 83.6 percent of the cases filed 
were on intrastate carriers and 16.2 percent.were on 
interstate carriers. The interstate carriers have a 
higher percentage of violations of size than of'· 
weight limitations. 

8. In most violation cases vehicles exceed their 
registered weight by approximately 4,000 to 8,000 
lb, although a few exceed it by as much as 50,000 lb. 

9. Of the oversize and overweight cases filed by 
DPS officers, 98.6 percent were fined by the judges. 

10. The average fine for a weight violation ranges 
from approximately $35 to $40 for a GVW violation. 
The average fine for a size violation is $29. The 
fine is not set in scale to the amount over the limit 
each vehicle is charged with carrying 1 therefore, 
vehicles slightly overweight and those heavily over
weight may be levied identical fines. The fine 
structure should be such that the incentive to over
load is nonexistent or even negative. 

The following points relate to oversize and over
weight permit operations. 

1. During the period from September 1, 1979, to 
August 31, 1980, 81 percent of the permits issued 
were for oversize and overweight movement (77.6 per
cent of these through form 438 and 3.4 percent 
through telecommunication), 17. 3 percent for mobile 
home transport, 1 percent for oil field-related ac
tivities (form SB290), and 0.7 percent for concrete 
beam movement. 

2. Of the permits issued, 93.8 percent were sin
gle day, 5.2 percent were 30 day, 0.8 percent were 
90 day, and 0.3 percent were annual. 

3. Frequency of the type of permits issued in 
each highway district depends on the types of indus
tries present there. Districts 2, 7, 10, and 12, 
for example, issued a large number of mobile home 
permits because of the presence of large mobile home 
industries in those districts. 

By using TSDHPT published data to study the over
weight vehicle movements in the state, the following 
items were noted. 

1. Based on the TSDHPT truck weight survey, ve
hicle types 3-S2 and 2-Sl-2 are the most frequent 
overweight truck types (each with more than 25 per
cent overweight) , whereas on U. s. and other state 
highways 3A and 3-S2 are the major overweight truck 
types (each with more than 25 percent) . 

2. There has been an upsurge in oversize and 
overweight movement since 1974. In 1980 the per-
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centage of trucks overweight on Interstate highways 
increased from 5.08 to 22.98 percent, while on U.S. 
and state highways the increase was even higher, 
from 8.60 to 32.01 percent. 

3. The economic analysis (based on 1980 FHWA 
truck weight survey data) indicates that, through 
overloading, the trucking industry has realized a 
significant savings. Yet this savings by the truck
ing industry has been at the expense of the state's 
highway system, which has been damaged by overloaded 
vehicles. Moreover, the trucking industry has not 
fully paid for its share of this damage. However, 
caution must be exercised in quoting these figures 
due to the shortage of sample data in the truck 
weight survey. 

In an effort to enhance the current enforcement 
level, several recommendations are made. 

1. The current joint program of enforcement by 
the DPS, AG, and RRC in Texas should be continued. 
However, because filing suit is currently considered 
as only an extraordinary measure, a stronger statute 
is needed to limit the shipping, operating, and re
ceiving of oversize and overweight trucks. 

2. Because size and weight violations occur most 
often in the private independent carrier and special 
carrier sectors and most often are incurred by the 
haulers of grain, gravel, sand, and timber, special 
means should be found to curb violations by these 
groups. 

3. Revision of the current fine structure is 
~nui~Pn ;n nrnPr tn rPmnvP ~hP. incentive for truckers 
to operate oversize and overweight. Fines should be 
scaled so that persistent violators will be punished 
to a greater degree than occasional violators. 

4. A highway cost-allocation study to determine 
the relation between highway truck size and weight 
and the cost incurred is advised. Such a study would 
aid in the determination of a fairer fine structure 
for size and weight violations. 

5. An increase in the DPS License and Weight 
Service enforcement force and budget is recommended 
to allow the establishment of additional checkpoints 
and the purchase of better detection equipment. 

6. Establishment of a more effective truck weight 
survey program for the state is recommended. Such a 
program would aid the state in the design, planning, 
and administration of highway-related facilities and 
other funding-related questions. 

The question of the appropriateness of current 
size and weight limits was addressed in previous 
phases of the study (1,6,7). The underlying premise 
of this study is that th; highway users should bear 
their share of the cost. 
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Impact of Oil Field Truck Traffic 

JOHN M. MASON, JR. 

Oil field truck traffic is identified in this paper as a special highway user. and 
an estimate of the annual cost associated with reduced pavement serviceability 
on thin surface·treated pavements is provided. Identification of oil field traf· 
fie through site-specific observation provides the basis for the investigation. 
The study includes a description of traffic during the development of an oil 
well, an estimate of reduced pavement service under these operating conditions, 
and an estimate of increased annual pavement cost due to oil well traffic. Three 
main components of the analysis procedure include a pavement analysis, a 
traffic analysis, and an estimate of traffic generated by an oil well. The 
AASHTO concept of pavement serviceability was used to determine a reduc· 
tion in pavement service life due to this concentrated traffic demand. Photo· 
graphic documentation of the evolution of an oil well provided both an aKle 
count and a description of the physical characteristics of the vehicles. AKle 
weights were estimated by using standard state loadometer data . Estimates 
indicate a 50 percent loss of service life due to this special·use industry (con
sidering only one well) as compared with the eKpected service life if the road 
had continued to serve its intended purpose. An increased annual cost of 
$16,500/km was determined for a low-volume, light-duty pavement section. 
The increase in annual cost is a separable cost attributable to the concentra
tion of a special-user activity. 

Continued interest in determining the effects of 
truck traffic on highways has prompted individual 
states to investigate future impacts of vehicle size 
and weight limits on pavement service life. Such 
investigations !h-!) have generally addressed state
wide needs to justify corresponding · increases in 
revenues required to meet the costs of new construc
t ion and rehabilitation. However, there have been 
limited studies to assess the site-specific impacts 
created by specialized industrial development. 

Walton and Burke (£_), in an unrelated study, dis
cuss the lack of commodity information and the nature 
of economic (industrial) activities in assessing the 
economic efficiency of large vehicles. Although 
special-use industries need to be identified in order 
to differentiate highway costs and corresponding 
savings in truck operating costs, additional quanti
tative estimates are also needed. Among the impor
tant estimates are the effects on accident rates and 
severity, geometric and cross-section improvements, 
load zoning, truck route delineation, and efficient 
maintenance of traffic in construction and work 
zones. 

SCOPE 

The first phase of a study conducted for the Texas 
State Department of Highways and Public Transporta-

tion (TSDHPT) is presented in this paper. The pur
pose of the initial research was to characterize oil 
field truck traffic and develop a preliminary esti
mate of the potential effects of this traffic on 
1 ight-duty pavements (Figure 1). This special-use 
industry can conservatively reduce the expected in
tended-use service life of a thin pavement by approx
imately 50 percent or more. Although the successful 
ventures of oil production efforts have resulted in 
the benefits of economic growth, the adverse effect 
of this intense concentrated activity has caused the 
physical destruction of the pavement surface on the 
highways that serve the entire oil-producing area 
(Figure 2). 

county roads, state farm-to-market and secondary 
roads, and city streets in many oil-producing areas 
were not initially constructed to endure the concen
tration of intense oil field truck traffic, some of 
which is well above legal load limits. The respon
sible road agency (city, county, or state) had not 
anticipated the resulting persistent rehabilitation 
under normal (intended-use) operating situations, 
and a restoration cost was not normally accounted 
for in the planning of maintenance expenditures. As 
a result the burden of associated costs has fallen 
on the public agency that is already obligated with 
the maintenance responsibilities. 

Figure 1. Light-duty pavement section. 
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Figure 2. Effect of oil field use on light-duty pavement section. 

Figure 3. Comparison of intended-use and special-use service life. 
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EVALUATION CONCEPT 

Investigations that compare intended use versus spe
cial use are of primary concern to state legislators 
and highway department administrators, city councils, 
county administrators, and others who must secure 
and provide resources for maintaining a safe and 
concomitant road network. Inherently, roadways 
throughout the nat.ion carry numerous types of com
mercial vehicle traffic, and each commodity shares 
in the cost of providing an acceptabl e roadway pave
ment . The design, or intended use, of a particular 
pavement assumes that the facility will serve its 
original intent for some period of time. 

Figure 3 depicts the argument of the intended-use 
versus unpredicted special-use concept . Alt houqh 
the highway system can fail due to numerous environ
mental conditions, it is in serious jeopardy when 
subjected to traffic conditions well beyond its in
tended purpose. The acceptance of this contention 
can assist in justifying a redistribution of avail
able funds to areas affected by industries that have 
heavy special-use traffic demands. Alternative mea
sures such as general revenue increases or a special
use tax levy can also find support in this evaluation 
concept. 

The fundamental concept of this evaluation tech
nique is the identification of separable cost. This 
economic concept is most closely aligned with the 
theory of incremental cost, which seeks to Rdistrib-
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ute equitably the cost of a basic road suitable for 
passenger cars among all classes of users, but to 
assign the heavier or larger vehicles all costs for 
which they are solely responsibleR ( 5). The diffi
culty associated with the applicatio~ of the incre
mental cost theory has been the inability to deter
mine various costs due to the incomplete data rela
tive to each of the various groups of users. 

Oil field traffic is but one industrial activity 
that can have an i mpact on the highway system. Spe
cial act ivi ties with unique traffic c har acteristics 
must be assessed to determine what effects their 
specific site operations have on existing or 
intended-use roadways. These activities must be 
identified, their developmental operations defined, 
resulting traffic characteristics described, and the 
consequences analyzed on an equivalent basis with 
all other roadway users. 

All l evel s in the transportation ne twork hierarchy 
a re similarly affected in every s tate. Industries 
that produce high concentrations of special-use 
t ruc ks include mi ning, agric ulture, timber , energy , 
gravel production, and others. These site-specific 
activities pose unique problems to local administra
tors, design engineers, and maintenance personnel. 
The consequences span the areas of planning, design, 
construction, operation, safety, and maintenance of 
the road and street network. Therefore, a need 
exists to identify the industries that produce these 
concentrations of heavy loads and assess their re
spective contributing impact on the expected life of 
the road system. 

The goal of this study is to provide a basic 
framework for r.in~ly z i!1'] 0thoe! '..!!'!iq!..?e traffic de~.::.~d~ 

in pursuit of more complete data that relate vehicle 
axle repetitions to highway cost under a separable 
user-cost concept. Although this study does not 
assess separable costs as an analytic alternative, 
it does demonstrate the potential utility that such 
a concept may have in further special-use analyses. 
Because ligh t -duty pavements were f~iling rapidly 
under excessive heavy axle load repetitions, these 
pavements were the first to be addressed i n this 
project. 

OBJECTIVES 

Specific objectives of the initial phase included 

1. Identification of the primary stages i n the 
evolution of an oil well; 

2. Description of the vehicle mix during the 
development of an oil well; and 

3. Estimation of increased annual cost associated 
with reduced pavement serviceability on a low-volume, 
light-duty roadway pavement. 

STUDY PROCEDURE 

The transportation-related activity that occurs dur
ing the evolution of an oil well was established 
through a process o f cont inuous photographic moni
toring. Monitoring also included daily site visits 
to talk with servicing companies and oil field repre
sentatives. The developmental stages of an oil well 
were documented with traffic counts of vehicles en
tering and leaving a site . Specific information was 
provided by us ing a concealed camera to photograph 
vehicles as they entered or left a site. The camera, 
actuated by a pneumatic road tube across the en
trance, signaled individual frame exposures. This 
procedure provided a count of the number of axles and 
an identification of vehicle characteristics. 

In addition to the movie camera, a total-count 
traffic counter was installed at each observation 
site. The traffic counts were later used to check 
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the reliability of the reduced film counts. A his
torical evolution of each oil well site was finally 
determined based on the filmed data, conversations 
held at the sites with operating personnel, and sup
plemental photographs taken for the duration of the 
project. 

Study Sites 

Five general activities typically comprise the se
quential development of an oil well. These include 
site preparation, rigging-up, drilling, completion 
(rigging-down), and production. Each fundamental 
stage of oil well act ivity develops unique traff ic. 
Spec if ically, the vehicle mix includes a di spropor
tionate frequency of large vehicles as compared to 
typical operating conditions on most low-volume, 
light-duty, farm-to-market (FM) roads, and city 
streets. 

Three oil well sites were secured within an 8-km 
radius of each other. Each study site was virtually 
access controlled. Entrance to the drilling plat
forms could only occur at the points where the moni
toring equipment had been installed. 

The well sites are situated in a rural area (Fig
ure 4) on open pasture; no other commercial or indus
trial activity existed in the general vicinity. 

Figure 4. Typical rural oil well site . 

Table 1. Vehicles defined according to axle combination and corresponding 
vehicle type code. 

Axle Combinations 

Single-unit vehicles 
Passenger car 
2 axles, 4 tires (pickup truck) 
2 axles, 6 tires (pickup truck) 
2 axles, 6 tires 
3 axles 

Multiunit vehicles 
2-axle tractor, ! -axle semitrailer 
2-axle tractor, 2-axle semitrailer 
3-axle tractor, !-axle semitrailer 
3-axle tractor, 2-axle semitrailer 
2-axle tractor, 3-axle semitrailer 
3-axle tractor, 3-axle semitrailer 
2-axle truck, I-axle balance trailer 
2-axle trnck, 2-axle full trailer 
2-axle truck, 3-axle full trailer 
3-axle truck, 2-axle full trailer 
3-axle truck, 3-axle full trailer 
3-axle truck, I-axle balance trailer 
2-axle tractor, 1-axle semitrailer, 

2-axle full trailer 
3-axle full trailer, I-axle semitrailer, 

2-axle full trailer 

Vehicle Type 
Code for Axle 
Combination 

PC 
PU-I 
PU-2 
SU-I 
SU-2 

2-Sl 
2-S2 
3-Sl 
3-S2 
2-S3 
3-S3 
2-1 
2-2 
2-3 
3-2 
3-3 
3-1 
2-Sl-2 

3-Sl-2 
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Filming was maintained for approximately 2 months at 
well sites 1 and 2. A photographic record was avail
able for only 28 days at well site 3 due to theft of 
equipment. The depth of drilling governs duration 
of activity and was found to be similar at each site. 
Production generally occurred after 2590 m of drill
ing. Traffic count monitoring is continuing and has 
been in operation for 18 months. 

Data Reduction 

Because a single frame was exposed on each axle ap
plication, a valid count of axles was possible and a 
daily record of vehicles was established. The vehi
cles observed entering and leaving the site were 
classified according to axle combination. The data 
in Table 1 give the vehicles defined by axle combi
nation and corresponding vehicle type code. The 
vehicle code type generally follows the AASHTO clas
sification for axle combinations; the code type was 
eventually used to assist in assigning vehicle load 
weights to various axle configurations. Samples of 
the unique truck traffic serving a well site are 
s hown in Figure 5. 

ANALYSIS 

The effect of oil field truck traffic was evaluated 
based on pavement seviceability. After the traffic 
characteristics associated with an oil well were 
determined, a comparison of annual costs to provide 
a suitable pavement surface was made. The comparison 
was between an intended-use design traffic volume 
and the observed oil field demand volume. The con
ceptual framework of the analysis is shown in Figure 
6. The three main components include a pavement 

Figure 5 . Special-use trucks serving o il well sites. 
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Figure 6. Flowchart of analysis procedure. 
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analysis, a traffic analysis, and an estimate of 
traffic generated by an oil well. 

Basically, the structural capabilities of a bitu
minous surface-treated pavement were determined for 
an intended-use situation. A projected traffic de
mand was then estimated for a typical low-volume, 
light-duty pavement. Respective BO-kN single-axle 
load (SAL) repetitions were calculated for each anal
ysis. A rehabilitation interval was established for 
a bituminous surface-treated pavement. This was 
done by comparing the estimated cumulative traffic 
demand with the terminal p;1vP.ment:. Bf?rvic~~hility of 
the intended-use pavement section. 

The traffic characteristics of an oil well served 
as the basis for defining the anticipated traffic 
attracted to a new well. These characteristics were 
used to estimate the associated axle load repeti
tions. An estimate of 80-kN SAL repetitions was 
calculated for an oil well. Cumulative 80-kN SAL 
values were established for a light-duty pavement 
serving an oil well site over the analysis period. 
Because the roadway pavement must continue to serve 
both the intended-use traffic and the attracted oil 
field traffic, the 80-kN SAL intended-use repetitions 
were combined with the oil field traffic repetitions 
to represent the total 80-kN SAL applications on the 
assumed pavement section. 

Comparison of the resurfacing intervals over an 
expected design period indicated a reduction in pave
ment life. A further comparison was made of the 
respective total annual costs. The difference be
tween the estimated total annual costs constituted a 
unit capital loss due to increased traffic, namely, 
oil field truck traffic. This loss of value repre
sents a consumption, or expenditure, of capital that 
must be borne by a public agency. These costs con
sidered only the cost of an initial pavement struc
ture and seal coat resurfacing and did- not include 
costs associated with a complete pavement reconstruc
t ion, vehicle damage, or accidents. 

Pavement Analysis: Intended Use 

Light pavements built for an intended use are char
acterized by low traffic volumes and lightweight 
vehicles . These pavements are typically constructed 
as a bituminous surface-treated pavement. This anal
ysis assumed a 12.7-mm crushed stone bituminous sur
face course (seal coat) on a 152.4-mm foundation 
base "course as a representative initial pavement 
structure. A seal coat then served as the intended 
rehabilitation. 

One traditional procedure for defining a pave
ment's ability to serve traffic is the calculation 
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of a serviceability index ( 6) 1 the serviceability
performance concept is the basic philosophy' of the 
AASHTO guide for the design of pavement structures. 
Under this concept pavements are designed for the 
level of serviceability desired at the end of a se
lected analysis period or after exposure to a spe
cific total traffic volume. 

By using the AASHTO equation, 1,420 80-kN SAL 
repetitions were determined for the initial pavement 
structure. An additional 2,180 80-kN SAL repetitions 
were calculated considering a seal coat rehabilita
tion. An estimated total of 3,600 80-kN SAL repeti
tions was considered the anticipated capacity of a 
typical FM road under intended-use conditions. 

Traffic Analysis: Intended Use 

The traffic analysis assumed a low traffic volume 
condition. An average daily traffic (ADT) of 250 
was selected and considered representative of a low
volume, intended-use traffic condition. Additional 
specific assumptions included 1 percent heavy trucks, 
3 percent annual growth rate, and a 50/50 traffic 
split on the two-way roadway. These assumptions 
resulted in 456 trucks in the design lane per year. 

The intended-use 456 trucks were distributed 
across approximate axle load ranges developed from 
the Department's loadometer data. Converting these 
truck axle repetitions to SAL equivalents indicated 
that an estimated 445 BO-kN SAL repetitions can be 
assumed during the first year of service. Cumulative 
80-kN SAL repetitions for an 8-year period are shown 
in Figure 7. Given the assumptions of the traffic 
analysis, 1,420 80-kN sAL are accumulated after ap
proximately 3.2 years, and 3,600 80-kN SAL are 
accumulated after 7. 5 years. These values corre
spond to the respective initial life and first re
habilitation life of a typical low-volume, light
duty pavement serving its intended-use condition. 

Oil ~ield Traffic; Specific Use 

Traffic characteristics at the three well sites were 
found to be similar in distribution. Average values 
were used in the initial analysis. A total of 10,353 
vehicles were recorded by the camera. The ADT was 
approximately 150 vehicles, with peak volumes of 325 
vehicles/day. Traffic counts of up to 200 vehicles/ 
day were recorded during the actual drilling process 
of a single well. Note that these volumes are gen
erally considered as the typical ADT of a low-volume 
roadway serving only its intended-use traffic. 

Distribution of vehicles by code type classifica
tion is shown in Figure 8. Passenger cars and pickup 
trucks comprised approximately 86 percent of the 

Figure 7. Intended-use service life. 
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Figure 8. Percentage of vehicles by code type classification. 
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total vehicle mix; truck combinations comprised ap
proximately 14 percent, with almost 7 percent con
s is ting of the 3-S2 (semitrailer) type. The total 
truck percentage is almost 3 times the anticipated 
truck percentage on low-volume rural roadways. A 
total of 1,327 trucks were observed during the drill
ing phase, and 876 trucks were calculated for oil 
well production activity during the first year. The 
total--2, 203 heavy trucks-- is approximately 5 times 
the estimated annual truck combinations of the in
tended-use traffic condition. 

The total truck counts were distributed across 
axle load ranges that corresponded to statewide load
ometer data. This approach prevented biasing the 
oil field truck traffic because actual axle weights 
were not taken. The method was considered conser
vative because it assumed the axle weight distribu
tion of oil trucks was typical of all other truck 
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combinations operating on the Texas highway system. 
Comparison and interpretation of the findings are 
therefore not biased. 

Oil well traffic for one well results in 945 80-
kN SAL during the first year of development. Ex
tending production beyond the first year increases 
axle repetitions by approximately 500 80-kN SAL/year 
for one well. The loss in pavement use from such 
traffic is shown in Figure 9. If no additional wells 
a re drilled during the expected service life ( 7. 5 
years), the net effect of the drilling and producing 
of one well is a reduced service life of 4.2 years. 
In another manner the first rehabilitation is re
quired in year 1.0 rather than year 3.2, and a second 
rehabilitation is needed in 3.3 years instead of 7.5 
years. 

Annual Cost Comparison 

This reduction in service life was further examined 
by estimating the annual cost of providing a suitable 
light-duty pavement surface. This cost considers 
only the investment cost of the roadway pavement 
structure and does not include costs associated with 
vehicle wear, accidents, or other related adverse 
consequences of a vehicle operating on an unsuitable 
pavement surface. 

The annual cost formula selected for analyzing 
the pavement service life is given as Ill 

where 

C annual cost for pavement per kilometer, 
n = analysis period, i.e., time between ini

tial construction and second resurfacing 
(years), 

CRF = uniform capital recovery factor, 
I = initial cost of pavement per kilometer 

($37, 965/km) , 
R1 first resurfacing cost per kilometer 

($5,344/km), 
n1 number of years between initial con

struction and first resurfacing, and 
PWFnl single pavement present worth factor. 

An interest rate of 12 percent was used in all cal
culations. (Note that the costs for I and R1 are 
from 1981 TSOHPT data for unit costs for a typical 
surface-treated cross section.) 

The estimated annual cost for a 250 ADT light-duty 
pavement roadway is $8, 700/km. For a 250 ADT FM 
roadway that also serves one oil well, the annual 
cost is $16, 500/km, a doubling of the intended-use 
investment. The difference results in an increase 
in annual pavement cost of $7, 800/km, This cost 
reflects the impact of one oil well on a low-volume, 
light-duty pavement section. 

Although this increase in annual cost demonstrates 
the effect of one oil well, the practical impact 
must also be addressed. It is unrealistic to con
sider restoring a pavement to its intended-use con
dition. Once a "find" is made, an oil field is vig
orously developed and the demand traffic volumes 
simultaneously increase as ultimate development is 
pursued. If the axle repetitions are simply consid
ered multiplicative, the end result is a losing bat
tle when using minimal maintenance techniques. 

In reality, it becomes necessary to determine 
what pavement structure is required in a design sit
uation so as to provide an acceptable level of ser
vice for future demand. The future demand must con
sider both the growth in intended-use traffic as 
well as ultimate development of a particular field. 
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These considerations are the primary objectives of. 
the ongoing resea~ch effort. 

The next phase of the research project is examin
ing the effects of multiple wells by using pavement 
distress equations for bituminous surf ace-treated 
pavements. Specific investigations are being per
formed on roadways with varying ADT ranges, percent
ages of trucks, and pavement thicknesses in the in
tended-use condition. These efforts will provide 
data to assist in the planning, design, and mainte
nance of the roadways that exist in the region of 
this special-use industry. Expected information 
includes developing impact contours that delineate 
the radius or zone of special-use influence and pro
jections of drilling and production activity for 
several levels of development. Anticipating this 
concentration of unique truck traffic is beneficial 
in scheduling resurfacing, restoration, and rehabil
itation strategies on primary, secondary, and local 
roads. 

CONCLUSIONS AND RECOMMENDATIONS 

Roadway networks throughout the nation carry numerous 
types of industrial traffic, and each activity shares 
in the cost of providing an acceptable roadway pave
ment. The design, or intended-use, of a particular 
pavement assumes that the facility will serve its 
original intent for some period of time. Although 
the system can fail due to numerous environmental 
conditions, it is in serious jeopardy when subjected 
to a traffic condition well beyond its intended pur
pose. 

Attempts at predicting and anticipating needed 
financial resources and expenditures will aid in the 
planning and distribution of allocated funds. Al
though the estimates developed in this study proviqe 
site-specific information to assess the impact of 
oil field traffic on low-volume, light-duty pave
ments, the analysis procedure can be ap~lied to othe ~ 

special-use industrial concentrations. 
Practical applications of the results of this 

research are possible at various agency levels. In 
counties and cities where construction and mainte
nance capabilities may be limited or near impossible 
with current budget restraints, this technique can 
be used to respond to unexpected special-use demands. 
Administrative, maintenance, and design engineers 
can each use the approach or findings reported in 
this research to anticipate the consequences of an 
increased concentration in traffic demand. Imple
mentation is possible when planners, designers, and 
administrators use the best estimates available. 

Although a reduction in pavement life is inevi
table on any road, the effects of increased cost 
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attributable to a special user should not be ignored 
in times of financial austerity. If rational analy
sis is coupled with convincing evidence, public agen
cies will be able to justify additional allocations 
to maintain their existing system. 
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Twin Cities Metropolitan Area Heavy Truck Study 

MORRIS FREIER 

Due to the growing significance of good• movement by heavy trucks in recent 
years, the Minnesota Twin Cities metropolitan area heavy truck study was con
ducted to update the Minnesota Department of Transportation data on heavy 
trucks. These data are needed for pavement design, heavy truck routing, and 
policy formulation. Similar data were obtained from a 1970 travel behavior 
inventory (TBI) . The 1970 study •urveyed 2 percent of all truck trips, but 
less than 1 percent of the trips were by heavy trucks. The results were of 
limited use in forecasting because of the small sample. This resulted in a poor 
distribution of trips when the sample was expanded, From the outset, the 
current study was constrained due to limited funding. Although the bud-
get was enough for a survey of heavy commercial truck movements, innovative 
methods were needed to obtain data on the movement of heavy tax-exempt 
trucks and grafn trucks. These data were produced through a combination of 
limited surveying and simulation. In addition to financial problems, two other 
constraints had to be overcome: (a) Minnesota's vehicle registration of tax
exempt trucks does not list vehicle weight; therefore, it was necessary to in
ventory heavy trucks; and (b) because of financial, personnel, and administra
tive problems, there was no external cordon-line survey conducted in conjunc
tion with the heavy truck study; therefore, the data needed on external and 
through trips had to be developed by other means; i.e., they were simulated by 
applying growth factors to the 1970 data and then using 1980 truck counts at 
the external cordon lines as control totals. A comparison of the results of this 
study with the 1970 TBI reveals a substantial increase in external and through 
trips by heavy trucks and a substantial decrease in internal trips. The decrease 
in internal trips is probably due to the depressed economy, whereas the in
crease in external and through trips can be attributed to 1,560 miles of railroad 
track abandoned in Minnesota between 1971and1981 . Final results of the 
study reveal that in 1981 there were 116,800 heavy truck trips per day in the 
metropolitan area, and in the year 2000 there are expected to be 265,300 
trips/day. 

In 1970 the former Minnesota Highway Department 
[today the Minnesota Department of Transportation 
(MnDOT)] conducted a travel behavior inventory (TBI) 
of the seven-county metropolitan area of the Twin 
Cities of Minneapolis and St. Paul. The purpose of 
this study was to collect and analyze travel data, 
such as vehicle occupancy rate, trips per person per 
day, transit ridership rate, that would be useful 
for future trip forecasting. As part of this study 
a 2 percent survey was conducted of all trucks in 
the metropolitan area. The results of the truck 
survey were of limited use in forecasting because of 
the small sample size and the unsatisfactory distri
bution of trips that resulted when the sample was 
expanded. 

By 1980 the amount of rail abandonment and its 
impact on goods movement, and the rapid increase in 
Minnesota grain exports, made it mandatory to update 
the 1970 data, particularly as it applied to heavy 
trucks. This update was necessary because of the 
following reasons: 

1. The 1970 survey had included all types of 
trucks and assumed that travel patterns for all 
trucks were similar. By 1980 travel patterns for 
heavy trucks had changed substantially, whereas 
travel patterns for pickups and vans had shown rela
tively little change, 

2. Although the 1970 survey had a 2 percent sam
ple, the sampling procedure and low trip rate of 
heavy trucks resulted in less than 1 percent of the 
heavy truck trips being sampled. 

3. With the recent shifts in goods· movement by 
heavy trucks there is need for more and better infor
mation for pavement design, heavy truck routings, 
and policy formulation. 

(Note that for transportation planning purposes, the 
definition used for a heavy truck is a truck with at 
least dual rear wheels and a gross weight of more 
than 15,000 lb.) 

In 1981 a new truck trip inventory was conducted 
as a joint effort of the MnDOT and the Metropolitan 
Council of the Twin Cities. This study focused ex
clusively on heavy truck forecasting needs. 

The 1981 heavy truck study included three separate 
surveys: heavy commercial trucks, heavy tax-exempt 
trucks, and heavy grain trucks. The 1981 survey of 
commercial trucks differed from the 1970 survey in 
the following respects: 

1. Only heavy trucks were included in the sample. 
In the 1970 survey all trucks were subject to sam
pling, including pickups, vans, recreational vehi
cles, and smaller units not essential to the analysis 
of freight movements and permissible routings. 

2. The interview sample was about 7 percent of. 
all heavy trucks in 1981 as opposed to less than 1 
percent in 1970. 

3, A decision was made to use a Fratar distribu
tion model instead of the gravity model applied to 
truck trips in 1970. The reason for the change is 
the assumption that zonal accessibility is not a 
major factor in predicting heavy truck travel between 
zones. Instead, truck travel is related more to the 
established and forecast types of land use and the 
basic pattern of truck movements observed during the 
survey year. 

4. The 1970 survey used an areawide expansion 
factor to expand the sample results. More precision 
was desired in the expansion of the interview samples 
to the population of trucks by subarea of the region. 
For the 1981 survey, the metropolitan area was 
stratified into 60 factoring areas. These factoring 
areas were created by analyzing heavy truck regis
trations and land use within postal zip code areas 
and then combining abutting and homogeneous zip codes 
where land use was similari it was assumed that truck 
trip generation would be similar. Separate expansion 
factors were developed for each of the 60 factoring 
areas. 

5. In 1970 the external growth factors were ap
plied to cars and all types of trucks. In 1981 ex
ternal travel was estimated by using different growth 
factors for heavy trucks than for cars. The external 
cordon of 31 stations was divided into 9 corridors. 
The growth factor developed for each corridor was 
applied to all external stations included within that 
corridor. 

6. Control totals were imposed on 1980 heavy 
truck trips within the metropolitan area, al though 
they were not imposed in 1970. 

CONSTRAINTS 

Although planners were committed to a heavy truck 
study, there were severe limitations on budget and 
available personnel. There was enough money avail
able to have a consultant survey heavy commercial 
trucks, but other means were necessary to collect 
and use data on tax-exempt heavy truck movements and 
grain truck movements. Also, due to administrative, 
personnel, and budgetary limitations, it was impos
sible to conduct an external cordon-line survey. It 
was therefore necessary to develop innovative methods 
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to inventory the external and through trips by heavy 
trucks. 

SAMPLING PLAN FOR HEAVY COMMERCIAL TRUCKS 

The sampling plan had the Department of Public Safety 
provide a listing of every tenth truck in its regis
tration file. However, in order to ensure uniform 
sampling, the truck registrations were first divided 
into two weight classes and then stratified by county 
and zip code in the seven-county metropolitan area 
for each weight class; tax-exempt and farm trucks 
were excluded. These registration totals by zip 
code represented the total population of heavy trucks 
registered in the metropolitan area in 1981 to which 
the sample would be expanded; i.e., 14,830 vehicles 
in the 15,001- to 49,999-lb class, and 10,564 vehi
cles in the greater than 50,000-lb class, for a total 
of 25,394 vehicles. 

It was decided that a sample of 5 to 7 percent 
would provide sufficient accuracy in compiling the 
necessary data. The survey was set up, however, so 
that a larger sample could be used if staff and funds 
were available. The 10 percent list of registrations 
in each weight class was selected in order to make 
up two 5 percent lists, i.e., a working list and a 
backup list created by putti~g every other registra
tion on the backup list. Any unusable interview 
could be replaced by a registration with the same 
zip code from the backup list. In addition, where 
more sampling was deemed necessary, the truck could 
be selected from the backup list. 

There are 161 zip codes in the metropolitan area. 
Some have many heavy truck registrations whereas 
others have few or none. Because the sampling was 
stratified within zip code areas, it was decided to 
expand the sample in a similar manner. The large 
number of zip code areas with a large variance in 
truck registrations was too unwieldly to work with 
and would not produce sufficiently accurate trip
predicting equations. 

Therefore, abutting zip code areas of similar 
land use were combined, which resulted in 60 factor
ing areas. The division of heavy trucks into two 
weight classes had been done solely to obtain uniform 
sampling and not to obtain separate trip expansion 
factors for each weight class. The registrations of 
both weight classes were combined to produce total 
heavy truck registrations for each of the 60 factor
ing areas. Dividing the number of heavy truck reg
istrations by the number of interviews produced trip 
expansion factors for each of the 60 factoring areas. 
The resultant trip expansion factors were used to 
factor 
total. 
the 60 
travel 

heavy truck trips sampled to a factoring area 
The total of all expanded trips from all of 

factoring areas represented an average day of 
for heavy trucks registered in the metropoli-

tan area. 

Basis for Identifying Factoring Areas 

Many zip code zones did not have enough trucks reg
istered to provide an adequate basis for trip expan
sion. As a result, zip code zones were combined so 
that at least 60 vehicles weighing more than 50,000-
lb gross weight or 100 vehicles between 15,000- and 
50,000-lb gross weight were registered within each 
trip expansion factoring area. 

Homogenous abutting zip code zones were grouped 
on the basis of the type of land use (and probable 
truck use) being similar. The basic premise was 
that the rate of truck trip generation for all zip 
code zones within a factoring area was similar. 
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Sample Selection Problems 

After the initial truck samples had been selected (a 
10 percent sample from each zip code zone), it was 
discovered that the Department of Public Safety reg
istration lists were not current, as was initially 
thought. The lists had not been purged of expired 
registrations. 

Because the registration lists are used primarily 
for law enforcement purposes, the Department does 
not purge the list of unregistered vehicles. The 
lists are necessary so that police may check on the 
owners of expired licenses to determine theft, ille
gal transfers, and trucks that were abandoned. 

The unpurged registration lists wasted time and 
expense in the early stages of the survey. This 
problem was overcome by reproducing the same sample 
list with the registration expiration date inserted 
for each vehicle, which enabled interviewers to im
mediately see if a registration was valid. 

In early 1981 the state and national economy was 
such that unemployment in the trucking industry, 
especially for the large carriers, was high. This 
probably increased the number of expired regi11tra
tions compared to normal years (i.e., there was no 
need to register a truck not being used). In order 
to make a correction for the decline in truck regis
trations, the registration file was purged of expired 
registrations. This reduced the registration total 
by about 12 percent and was accepted as being more 
representative of current economic conditions. 

Sampling Technique for Heavy Commercial TrucJ<s 

During a 1979 examination of the goods movement prob
lems in the metropolitan area, a consultant recom
mended that a heavy truck survey be conducted. He 
also designed a survey plan (_!) that was used to 
sample heavy commercial trucks. Every truck listed 
on the working list was contacted for surveying. In 
order to be included in the sample, it had to meet 
one of three criteria: 

1. The truck was in service and had trips on the 
interview day, 

2. The truck was in service but had no trips on 
the interview day, or 

3. The truck was temporarily out of service on 
the interview day. 

Any interview that met any of the three criteria was 
accepted in the sample. If it did not meet the cri
teria, a replacement with the same zip code was se
lected from the backup list. 

All trips for 1 day by each heavy truck were re
corded by an interviewer. The sample of trips was 
then expanded to represent the total population of 
trips made by heavy trucks registered within each 
factoring area. The expansion factor for a factoring 
area was assigned to each traffic analysis zone (TAZ) 
within the factoring area. The metropolitan area is 
divided into 1,058 TAZs. Each zone produces and 
attracts trip generation. The ultimate goal of the 
heavy truck survey was to create a table of heavy 
truck trips between TAZs. It would have been imprac
tical to survey at the TAZ level because the regis
tration addresses of the entire heavy truck popula
tion in the metropolitan area would have to be con
verted to a TAZ of registration in order to properly 
expand the sample. Instead, surveying was done at 
the factoring-area level and converted to the TAZ 
level by assigning the expansion factor from a fac
toring area to each TAZ located within the factoring 
area. By converting all trip data from factoring 
areas to TAZs and then expanding it to the popula-
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tion, it was possible to build a heavy truck trip 
table and distribute the trips properly. 

Integration of Data Obtained from Supplementary 
Truck Sampli ng 

There were many locations in the seven-county metro
politan area in which there were concentrations of 
truck fleets. Additional data on freight truck move
ments could be collected at little additional cost 
by referring to the trip sheet logs for extra trucks 
while the interviewer was at the fleet terminal to 
collect data on specific sample trucks. These sup
plemental data could be useful, if properly added to 
the sample data, in providing a more accurate dis
tribution of interzonal truck trips; i.e., trips 
from the sample zone to more destination zones were 
reported. The expanded trip total for the zonal 
trucks remained the same but, by touching more des
tination zones, the data base for the Fratar expan
sion was improved. It was apparent that, when sup
plemental interviews were added, they represented 
additional truck travel; therefore, the trip expan
sion factors for these respective zones of truck 
registration were reduced accordingly. Therefore, 
after the trip expansion factors had been calculated, 
they were recalculated for only the TAZs that had 
supplemental interviews. The formula used was 

X = (a)(c)/(a + b) (!) 

where 

X final trip expansion factor for the TAZ, 
a number of primary survey samples in the TAZ, 
b number of supplementary survey samples in the 

TAZ, and 
c = preliminary expansion factor for the TAZ. 

The final expansion factor replaced the prelimi
nary expansion in all TAZs that had supplementary 
samples. Where there was no supplementary sampling, 
the preliminary expansion factor for a TAZ automati
cally became the final one. The supplementary trip 
data were then merged with the survey trip data. 
When t he combined trip data were multiplied by the 
respective TAZ trip expansion factors, the resulting 
trip table represented 1 day of truck travel. The 
data in Table 1 summarize the results of the inter
views attempted. The 10 interview codes used in the 
table are listed below: 

1. Completed interview with trips. 
2. No trips, but otherwise complete. 
3. Truck is garaged outside of the metropolitan 

area. 
4. Truck is temporarily out of service for 

repair. 
5. Truck has been sold. 
6. Truck has been scrapped. 
7. No contact made with truck owner. 
8. Unable to locate or out of business. 
9. Refused interview. 
0. Other (farm use, nonroad hauler use, non

renewal of license, and so on). 

Although there were a total of 2,214 interviews 
for purposes of this study, only those with an inter
view code of 1, 2, or 4 were used. Therefore, 1,307 
primary and 377 supplementary interviews were found 
usable--a total of 1,684 interviews. 

Table 1. Interviews 
No. of Interviews grouped by interview Interview 

code. Code Primary Supplementary Total 

I 622 377 999 
2 645 0 645 
3 165 0 165 
4 40 0 40 
5 82 0 82 
6 10 1 11 
7 85 0 85 
8 108 0 108 
9 53 2 55 
0 ---11 ~ --1i 
Total 1,834 380 2,214 

Table 2. Distribution 
No. of Heavy Trucks by Weight 

of heavy trucks by 
county . 15,001 to 

County 49,999 lb ;;. J 5,000 lb Total 

Anoka 1,078 618 1,696 
Carver 344 125 469 
Dakota 1,505 1,049 2,554 
Hennepin 7,246 4,895 12,141 
Ramsey 3,470 3,062 6,532 
Scott 536 320 856 
Washington _ill ___i2l __!_.H§_ 

Total 14,830 10,564 25 ,394 

Summary of Major Findings of Heavy Commercial Truck 
~urvey 
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1. There were 25, 394 heavy commercial trucks as 
of July 31, 1981, that had current year (1981) reg
i str a t ion in the·: seven-county metropolitan area. 
This figure did not include the 2 ,677 heavy farm 
trucks currently registered that were excluded from 
the sample to be modeled separately. 

2. Heavy trucks were registered by county, as 
shown by the data given in Table 2. 

3. The average number of trips per heavy truck, 
including those that had no travel on the survey 
day, was 4. 02 trips/ truck, whereas the trucks that 
traveled on that day had averaged 6.77 trips. Fifty
nine percent of the sampled heavy trucks were in use 
on the day of the survey. 

4. Although 2,214 truck owners were surveyed for 
an initial sampling percentage of 8.72, only 1,684 
were legitimate interviews because they had trucks 
garaged in the metropolitan area and they also had a 
current registration; therefore, the final usable 
sampling percentage was 6.63. 

HEAVY TAX-EXEMPT TRUCKS 

Tax-exempt heavy trucks comprise 6.55 percent of all 
heavy trucks registered and garaged in the seven
county metropolitan area. Tax-exempt trucks were 
found to average fewer trips per truck per day. 
They accounted for about 5 percent of all heavy truck 
trips in the metropolitan area; therefore, the number 
of internal heavy truck trips would be underreported 
without their inclusion. Data on tax-exempt trucks 
were collected through a combination of surveying 
and simulation. This combination accounted for an 
estimated 64 percent of heavy tax-exempt trucks in 
the metropolitan area and nearly all of the heavy 
tax-exempt truck trips in the metropolitan area. 

The procedure adopted was to inventory all of the 
tax-exempt heavy trucks registered to Minneapolis, 
St. Paul, Hennepin County, and Ramsey County. Anal
ysis of the data obtained from these surveys produced 
patterns of the ratio of heavy trucks to total 
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Table 3. Distribution of heavy trucks and trips per truck in sample of tax
exempt heavy trucks. 

No. of 
Total No. of No. of Heavy Trucks 
No. of Heavy No. of Trips per per All 

Agency Trucks Trucks Trips Truck Trips 

County 
Hennepin 171 82 375 4.57 0.48 
Ramsey ..1!l. __JJl_ ~ ~ ~ 
Total 249 100 443 4.43 0.40 

City 
Minneapolis 353 236 690 2.92 0.67 
St. Paul 297 _fil_ ill 2.76 !ill.. 
Total 650 298 861 2.89 0.46 

trucks, and also trips per truck per day, which were 
used to simulate heavy truck trips for cities and 
counties in the metropolitan area that were not in
ventoried. 

In addition to the inventory previously mentioned, 
an inventory was also done for hPi!vy l".rucks reg is
t ered to the post offices of Minneapolis and St. 
Paul and for heavy trucks registered to metropolitan 
districts of MnDOT. Due to the unique nature of the 
trips involved, these trips could not be simulated 
and data obtained from their trips could not be used 
to simulate trips by heavy trucks from other agen
cies. However, these separate surveys were used in 
reporting final totals for all trucks. The distri
bution of trucks and heavy truck trips in the cities 
and counties that were surveyed is given in Table 3. 

In analyzing the data in Table 3, two patterns 
emerged that were useful in estimating heavy trucks 
registered to other metropolitan area cities and 
counties and in simulating trips made by these 
trucks: 

l. Forty percent of the county-registered trucks 
and 46 percent of the city-registered truck were 
heavy trucks, for a combined weighted average of 44 
percent; and 

2. The average number of trips per day was 4.43 
per registered heavy truck for the counties whereas 
it was 2.89 for the cities. 

A high correlation was discovered between the 
number of trucks registered to a city or county and 
the number of TAZs within the city or county. This 
is because in defining TAZs, the original aim was to 
have the population size of all TAZs as uniform as 
possible. Therefore, if the population of an area 
is more dense, the TAZ is smaller and more TAZs are 
required to make up a city or county. The concentra
tion of population indicates more travel on roads 
and, in general, more need for public services; 
therefore, more trucks are required. Conversely, in 
the more sparsely populated areas the TAZs tend to 
be larger; thus there are fewer of them in a city or 
county. With less population there is less need for 
public service, thus fewer trucks are required. 

This relation between number of TAZs and number 
of trucks in a city or county was used in the simu
lation and distribution of heavy truck trips. By 
using the data in Table l, it is revealed that a 
reasonable estimate of heavy trucks is 44 percent of 
the total trucks owned by a city or county; thus the 
relation between number of TAZs and number of trucks 
would also hold true for heavy trucks. The data in 
Table 3 also reveal that there are 4. 43 trips/day 
for each county-registered heavy truck, and 2.89 
trips/day for each city-registered heavy truck. 
Analysis has indicated that the total heavy truck 
trips estimated could be simulated with approximately 
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the same accuracy by assuming, for the counties, one 
round tr ip from t he TAZ where the truck i s garaged 
to each o t her TAZ i n the city. The advantage of 
thi s method of r eproduci ng t rips i s t hat t hey are 
unifo rmly d istributed, as one might expect them to 
be, throughout the course of a year. The results of 
this analysis are given in Table 4. 

There are an estimated 1,780 heavy tax-exempt 
trucks in the metropolitan area. The data in Table 
5 reveal that 1, 141 ( 64 percent) of the estimated 
1,780 tax-exempt heavy trucks are accounted for. 
The rest of the heavy trucks in the metropolitan 
area belong to agencies such as the Department of 
Natural Resources or the University of Minnesota, 
which do little highway travel, or else they belong 
to small cities and towns where they are used for 
local street repair and snow plowing; i.e., they 
make short trips and rarely l eave the municipal 
boundaries. It is r easonable to a ssume that 64 per
cent of the heavy tax-exempt trucks account for most 
of the heavy tax-exempt truck trips in the metropol
itan area. 

Table 4. Estimates of truck trips by using truck counts and zones. 

Estimated 
No. of Heavy No. of 

Agency Trucks Trucks TAZs 

County 
Anoka 70 31 69 
Carver 36 16 25 
Dakota 75 33 96 
Scott 34 15 24 
Washington ...§l. _],]_ _il 

Total 277 122 275 
City 

Anoka 39 17 9 
Bloomington 83 37 27 
Brooklyn Center 27 12 II 
Brooklyn Park 21 9 10 
Columbia Heights 52 23 7 
Coon Rapids 25 II 8 
Eden Prairie 27 12 10 
Edina 29 13 20 
Fridley 25 II 9 
Golden Valley 27 12 10 
Hopkins 15 7 6 
Inver Grove Heights 19 8 8 
Maplewood 58 26 18 
Minnetonka 32 14 19 
Rosemount 36 16 5 
Roseville 35 15 20 
St. Louis Park 29 13 15 
South St. Paul 19 8 8 
West St. Paul 20 9 8 
White Bear Lake _2Q_ _n_ ...!!. 
Total 668 295 239 

Table 5. Distribution of tax-exempt heavy trucks. 

Agency 

Minneapolis 
St. Paul 
Hennipin County 
Ramsey County 
MnDOT District 5 
MnDOT District 9 
Minneapolis post office 
St. Paul post office 
Five other metropolitan counties 
Twenty other metropolitan cities 

Total 

alncludes 39 fire trucks. 

No. of 
Heavy Trucks 

215• 
62 
82 
18 

145 
87 
35 
20 

122 
___ill. 

1,141 

Estimate of Truck 
Trips 

Rate per 
Truck 

137 
71 

146 
66 

!lQ_ 

540 

49 
107 
35 
26 
66 
32 
35 
38 
32 
35 
20 
23 
75 
40 
46 
43 
38 
23 
26 

-2.i 
853 

Analysis 

Survey 
Survey 
Survey 
Survey 
Survey 
Survey 
Survey 
Survey 
Estimate 
Estimate 

Rate per 
Zone 

136 
48 

186 
46 

l1Q.. 
536 

32 
104 
40 
36 
24 
28 
36 
76 
32 
36 
20 
28 
68 
72 
16 
76 
56 
28 
28 

_±Q_ 

876 
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HEAVY GRAIN TRUCRS 

Although there are few heavy grain trucks registered 
in the metropolitan area, they account for about 14 
percent of the heavy trucks entering the metropolitan 
area between· mid-March and mid-November because this 
is the season for shipping grain by barge. During 
the other four months they average less than half 
this amount. In anticipation of the Mississippi and 
Minnesota rivers opening to barge traffic, out-of
state grain elevators increase their grain truck 
shipments to the metropolitan area grain elevators 
starting in mid-March. Because grain shipping is 
not as seasonal as it was 10 years ago, grain is 
shipped to the metropolitan area in large volumes 
consistently throughout the barge season. During 
the other four months of the year, grain truck ship
ments to the metropolitan area are cut in half be
cause barge traffic is closed and grain is either 
shipped out of the metropolitan area by train or is 
stored for shipment during the barge season. 

In order to simulate a summer day of grain truck 
travel in the metropolitan area and create a trip 
table to represent this travel, several assumptions 
had to be made that pertain to metropolitan area 
grain elevators and grain trucks: 

l. Only gra i n elevators that receive grain by 
truck were considered; 

2. Because grain elevators would not release 
data on the amount of grain each one processed per 
year, elevator capacity was used for determining how 
to prorate the destinations of grain trucks entering 
the metropolitan area; 

3. It was assumed that, regardless of where grain 
trucks entered the metropolitan area, their trips to 
grain elevators could be prorated based on the capac
ity of the elevators; and 

4. It was assumed that each grain truck trip 
from the cordon station to a grain elevator had a 
return trip to the same cordon station. 

The data obtained from the Minneapolis Grain Ex

change are given in Table 61 the data reveal the 
monthly distribution of 278,000 grain trucks that 
entered the metropolitan area in 1978. 

The heaviest trucking season for grain in 1978 
was mid-May to mid-November, when approximately 
190,000 truck loads (approximately 68 percent of the 
grain trucks) entered the metropolitan area. This 
means that from mid-May to mid-November there were 
1.33 times as many grain trucks per day entering the 
metropolitan area as there would be if they were 
uniformly distributed throughout the year. Because 
there are 256 working days in a year, a uniform dis
tribution would produce 1,086 grain trucks/day, but 
in 1978 it produced 1,450 grain trucks/day from mid
May to mid-November. Because of the emphasis on 
barge shipping of grain, it is expected that the 
trend will continue, where a summer work day will 
have l. 33 times as many grain trucks entering the 
metropolitan area as on an average work day. 

Table 6. Monthly distribution of grain trucks entering the metropolitan area 
in 1978. 

No. of No. of 
Month Grain Trucks Month Grain Trucks 

January 9,800 August 35,700 
February 9,800 September 27,000 
March 13,600 October 39,000 
April 16,500 November 27,000 
May 25,500 December 12,600 
June 32,100 Total 278,000 
July 29,400 
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A 1979 grain movement study by the University of 
Minnesota revealed that in 1979 approximately 328,000 
grain trucks entered the metropolitan area, where 
more than 1, 700 grain trucks entered on an average 
summer day. This number is at least 250 higher than 
the 1978 estimate, but is a better estimate for cur
rent conditions, even though 1979 was a banner year 
for crop productions. (Note that all data for this 
study were collected at the elevators, and there was 
no longer the Russian grain embargo that had existed 
in 1978.) 

In order to allocate the grain trucks to the 
proper routes at the cordon line, seasonally ad
justed heavy truck counts from 1980 were used in 
conjunction with class counts to determine how many 
grain trucks were at each cordon station. The class 
counts were 16-hr counts taken in the summer and 
were not seasonlly adjusted. The class counts gave 
an estimate of grain trucks at each cordon station 
as a percentage of heavy trucks. The percentages 
were then multiplied by the heavy truck counts at 
each cordon station to produce an estimate of 1980 
grain trucks at each cordon station. 

EXTERNAL AND THROUGH TRIPS FOR HEAVY COMMERCIAL 
TRUCKS 

Although the 1970 internal truck survey produced un
favorable results, the 1970 cordon-line survey of 
external and through trips by trucks produced excel
lent results. More than 50 per.cent of the heavy 
trucks were surveyed, and when the data were pro
cessed the results gave a valid distribution of 
heavy truck trips. Therefore, it was not crucial to 
have a 1981 survey to update the 1970 cordon-line 
survey. The areas that generated trips for heavy 
trucks changed little over a 10-year span, so the 
1970 distribution pattern could be used with some 
confidence to distribute 1980 cordon-line heavy 
truck trips. 

In order to expand the 1970 cordon-line survey 
data to 1980, growth factors were developed for each 
of the 31 external stations to represent the 10-year 
growth in heavy truck volume. Heavy truck counts at 
each station for a 30-year period (1948 to 1978) 
were used as input data to develop linear regression 
predicting equations. When each equation was solved 
for the 1980 prediction and the predicted number of 
heavy trucks was divided by the 1970 TBI heavy truck 
count at that station, the result was a 1970 to 1980 
growth factor for heavy trucks at each external sta
t ion. The correlation coefficient for the regression 
equations was improved by grouping the 31 external 
stations into 9 districts on the basis of traffic 
corridors. Regression equations were developed for 
each district, and the same growth factor was applied 
to all external stat i ons included within a district, 

To verify the accuracy of the growth factors, the 
factored 1970 counts at the external stations w.ere 
compared with 1980 counts. Results revealed that 
the accuracy of the factored 1970 counts were within 
6 percent of the 1980 counts for the total cordon 
line. The 1980 cordon line of all 31 external sta
tions had a total of 24,434 heavy trucks whereas the 
factored 1970 counts had a total of · 22, 991 heavy 
trucks, 

AGGREGATION OF TRIPS AND NETWORK ASSIGNMENT 

The calculation of the distribution of all heavy 
truck trips at the cordon line resulted in the cre
ation of a 1980 trip table of external and through 
trips for heavy trucks, This was the final trip 
table needed to complete the trip distribution. A 
1980 heavy truck network (alternate 3TC) was created 
by deleting from the 1980 traffic network (alternate 
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3C) all links that represented routes on which heavy 
truck travel was barred. To make the heavy truck 
traffic assignment, the following trip tables were 
added together and assigned to alternate 3TC: 

1. Heavy commercial truck, internal trips; 
2. Heavy commercial trucks, external and through 

trips; 
3. Heavy tax-exempt trucks, internal trips; and 
4. Heavy grain trucks, external trips. 

The 1980 assignment to the heavy truck network 
was compared with 1980 ground counts of heavy trucks 
·to assess the probable validity of the assignment. 
When this was done, necessary corrections were made 
to validate the network. The major step left to 
complete the heavy truck study was to expand the 
t rip tables to the year 2000 and assign them to a 
year-2000 network. 

YEAR-2000 FORECAST: EXPANDING 1980 TRIP TABLES FOR 
HEAVY TRUCKS TO YEAR 2000 

The 1980 heavy truck distribution was expanded to a 
year-2000 distribution by using growth factors for 
each of the 1,058 internal TAZs and 31 external TAZs. 
Previous analysis had shown that better future trip 
predictions through the use of regression models 
could be made if the internal TAZs were grouped into 
108 districts, whose larger size reduced sampling 
errors. The external TAZs were similarly grouped 
into 9 districts based on traffic corridors. Thus 
the confidence level on predictions was much higher 
with regression analysis applied at the district 
level instead of the TAZ level. 

A regression model was used to develop trip
predicting equations for internal trips by heavy 
commercial trucks at the district level: 

Productions= 85.89938 + 0.22575(X) + 0 .05168(Y) + 0.21246(Z) 

Attractions= 78.75956 + 0.22618(X) + 0.05179(Y) + 0 .21964{Z) 

where 

X = manufacturing and wholesale employment, 
Y total population, and 
Z = transportation, communication, and utility 

employment. 

(2) 

(3) 

When the trip-predicting equations were developed, 
the forecast year-2000 socioeconomic data were added 
into the equations. The result was year-2000 dis
trict forecasts of heavy commercial truck trips for 
the 108 internal districts. The predicted year-2000 
trips for each district were used as control totals . 
The year-2000 forecast of trip generation for each 
district was prorated to the TAZs within the district 
according to the distribution of the 1980 internal 
trip table. Each TAZ now had a year-2000 forecast 
of trip generation. To get a year-2000 trip table 
of internal trips by heavy commercial trucks, the 
1980 trip table matrix was multiplied by the growth 
factor at each end of every trip. It was then redis
tributed by means of a Fratar model. The resultant 
trip table had an estimated 260,000 internal trips 
for the year 2000. 

Another regression model based on the predicted 
number of heavy trucks in the year 2000 and the trip 
rate per truck produced an independent estimate of 
192,000 trips/day by heavy commercial trucks. This 
number would normally be used as a control total, 
but because it was extrapolated from a depressed 
1981 economy, it was decided to use the midpoint of 
the two estimates as a control total. Therefore, 
the year-2000 trip table of internal trips by heavy 
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commercial trucks was factored down from 260,000 
trips to 226,000. 

Obtaining a year-2000 trip table of internal trips 
by heavy tax-exempt trucks was simpler. The 1980 
distribution of these trucks was the best estimate 
of how the trips would be distributed in the year 
2000; therefore, the use of growth factors was not 
applicable. A regression model revealed that there 
would be 1.888 times as many heavy tax-exempt trucks 
registered in the metropolitan area in the year 2000 
as in 1980. Therefore, the 1980 trip table of heavy 
tax-exempt truck trips was multiplied by 1.888 to 
produce the year-2000 trip table. 

External and Through H avy Truc k Tr i ps 

The 31 external TAZs had been grouped into 9 dis
tricts on the basis of traffic corridors in order to 
develop growth factors. A regression model that 
used 30 years of heavy truck counts for the districts 
as independent variables was used to predict 1980 
and year-2000 heavy truck counts for each district. 
The growth factors developed by this model were ap
plied to the 9 dis tr iots and resulted in control 
totals at the 31 external stations for external and 
through trips by heavy commercial trucks. 

The expansion of the 1980 trip table of heavy 
grain trucks to the year 2000 assumed there would be 
no growth in the number of grain trucks and only a 
slight redistribution due to the construction of a 
large new terminal grain elevator in Savage. There
fore, no external or internal growth factors were 
applied to the 1980 grain truck trip table. Any 
growth in grain truck movements would be dependent 
on unpredictable future variables such as weather 
conditions, changes in land use, future government 
farm policy, future foreign demand for grain, effect 
of new user fees on barge traffic, and the amount of 
rail abandonment. 

The number of trips in each heavy truck trip table 
for years 1980 and 2000 is given in Table 7. 

Assignment to Year- 2000 Traffic Network 

After all heavy truck trip tables for the year 2000 
had been built and internal trips had been calibrated 
to the control totals, they were added together and 
assigned to a year-2000 heavy truck traffic network 
(alternate 3TE). This network was identical to the 
region's policy plan approved year-2000 network (al
ternate 3E), except that approximately 1, 800 links, 
which represented routes where heavy trucks are 
banned, had been deleted. The traffic assignment 
was analyzed for logical routings and general valid
ity. Because the minimum time paths for the trees 

Table 7. Heavy truck trip table totals for years 1980 and 2000. 

Heavy Truck Trips 

Internal 
Commercial 
Tax exempt 

Total 
External 
Commercial 
Grain 
Tax exempt 

Total 
Through-commercial 

Total 

Heavy Truck Trip 
Table Totals by Year 

1980 2000 

89,114 226,034 
____MR _MQ1_ 

93,746 234,835 

18,113 24,933 
3,502 3,502 

__ 2_8 __ 5_7 

21,643 28,492 
1 402 1 954 

116,791 265,281 

""' 
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had been built on the heavy truck network, any errors 
in routing resulted in corrections to the network, 
not the assignment. 

SUMMARY 

With the development of new heavy truck trip tables 
for the year 2000, the old year-2000 forecast trip 
tables were discarded. The old forecasts had been 
developed from data from the 1970 TBI. Because of 
the small sample of heavy trucks in the 1970 internal 
trip survey, the old year-2000 forecast of distribu
tion was considered unreliable. Furthermore, the 
old trip tables of heavy truck trips had been dis
tributed by a gravity model, whereas the new trip 
tables were distributed by a Fratar model, which was 
more realistic · because heavy truck trips are not a 
function of zonal accessibility. 

For the total year-2000 assignment (with the dis
carding of the old heavy truck trip tables) , the 
gravity model will have to be recalibrated to dis
tribute the trips by automobiles and light trucks on 
the policy plan network. The next step is a combined 
total assignment of automobiles, light trucks, and 
heavy trucks on the network. This can be done even 
though minimum time paths for heavy trucks were built 
on the heavy truck network and time paths for auto
mobiles and light trucks were built on the policy 
plan network. This is because both networks are 
similar in every detail except for the deleted links 
on the heavy truck network. For heavy trucks, the 
deleted links from the heavy truck network do not 
exist; therefore, heavy trucks do not use these links 
on the policy plan network after being assigned to 
it. Automobiles and 1 ight trucks, which have had 
minimum time paths built on the policy plan network, 
are free to use any link. To combine all of the 
trip tables for the total assignment, use is made of 
an FHWA PLANPAC computer battery program called 
wrLOAD. 

Abridgment 
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An advantage of this type of assignment is that 
it reveals a more accurate picture of the total traf
fic, which is useful in analyses such as volume/ 
capacity ratios. However, note that the assignment 
is built from two combined path building files. If 
a selected link is needed, it cannot be traced from 
this combined file. One of the original path build
ing files would have to be used; either the one built 
for automobiles and light trucks or the one built for 
heavy trucks. 

It is especially useful to use a combined auto
mobile and heavy truck assignment, where heavy trucks 
use only allowable heavy truck routings, to analyze 
alternatives of the construction of I-35E through 
St. Paul. The Minnesota Legislature has mandated 
I-35E to be a parkway with no heavy trucks allowed. 
A bypass route of the central business district (CBD) 
for heavy trucks has been planned for construction 
in the future, but not until after 1990. This route 
will run from Warner Road, southeast of the CBD, to 
north of the CBD where it will join I-35E at the 
Pennsylvania Avenue intersection. This route is in 
the year-2000 network. Assignments of year-2000 
traffic can be made to the year-2000 network with 
the CBD bypass in place or with it removed from the 
network. Analysis of these assignments will then 
show where the heavy truck travel will go until the 
bypass is built, and what capacity problems may be 
created for streets in and near the CBD. Also, a 
comparison of these assignments with the 1980 assign
ment would be useful in developing a tr.end to indi
cate how soon the CBD bypass would be a necessity. 
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Strategic Motor Freight Planning for Chicago 1n the 
Year 2000 

FRANK SOUTHWORTH, YONG JAE LEE, CYNTHIA S. GRIFFIN, AND DAVID ZAVATTERO 

The major components of a motor freight planning model that was recently de
veloped to help the Chicago Area Transportation Study evaluate alternative year-
2000 physical planning policies are described. The current model allows the 
planner to evaluate alternative terminal clustering and primary truck route desig
nation plans, both as they affect terminal accessibility to service demands, and as 
the greater separation of person and goods traffic movements affects highway 
volumes, speeds, fuel use, and emissions. 

Although the daily operating characteristics of car
riers are their own concern, serious consideration 
has to be given to the cumulative impacts of current 
daily urban goods movement (UGM) practices. There
fore, roadway maintenance costs (both financial and 
resource based) , mixed person-goods traffic inter
action, and appropriate land use mixes are the major 
policy issues discussed in the paper. 

The only way to properly appreciate and measure 
such cumulative impacts is by means of a system's 
approach to UGM planning, i.e., start with a prop
erly integrated strategic plan. Such an approach is 
being cQnsidered by the Chicago Area Transportation 
Study (.!,) based on a simulation model developed by 
Southworth and others (2). This model was built to 
allow the testing (thro~gh simulation) of a range of 
UGM systems based on the following three-component 
plan: 

1. The clustering of for-hire freight terminals 
with zones of high accessibility to truck service 
demands; 

2. The channelization of daily heavy freight ve
hicle flows along a designated truck route network; 
and 
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3. The expansion of the Chicago motor carrier 
cormnercial zone to define the most functionally ad
vantageous and economically deregulated UGM region. 

This type of plan offers the potential to reducP. 
roadway infrastructure investment and resource costs 
by focusing urban freight activity on those highways 

Figure 1. UGM process model. 
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best suited to the wear and tear such use creates, 
while at the same time producing an environmental 
benefit through the greater separation of person and 
goods movements. The success of the plan relys on 
the selection of suitable locations for the terminal 
clusters. Such terminals act as the centers for 
nearly all daily, urban for-hire carrier activityi 
as the hubs of such circuit-based activity, they 
must serve as the major nodes in the designated 
truck route system (because nondesignation means 
truck exclusion). 

Because for-hire carriers must locate their ter
minals within the economically deregulated Chicago 
cormnercial zone (CCZ) , unless they hold a special 
intrastate or interstate license, the outer boundary 
of such a zone must not be allowed to restrict the 
efficient liaison between terminal-based carriers 
and potential (and service-needy) shippers. But a 
CCZ that is too extei:isive may serve to encourage 
less-efficient forms of competition between carriers 
seeking new customers anywhere within the CCZ's 
area. (This latter possibility is made more likely 
given the highly circuitous, multidestination daily 
truck routing options available within large 
cities.) The Chicago region's current ter1Rinals lo
cation pattern,due in part to an overly restrictive 
ccz, exhibits two important features: 

1. The overwhelming dominance of the central 
area (Cook County) as the site for most of the re
gion's for-hire terminals, and 

2. The considerable dispersion of such terminal 
sites within this central area. 

Together, these features create a major source of 
traffic congestion and an inefficient use of road 
space. To gauge the extent of these current inef
ficiencies and to suggest the best directions to 
follow over the longer term, particularly with re
spect to infrastructure use, the Chicago motor 
freight planning model was built. A brief de
scription of this terminal zone location and truck 
route assignment model is given in the next sec
tion. Technical details of the mathematical model 
and its computer program are given in detail else
where (_~). 

OVERVIEW OF MOTOR FREIGHT PLANNING MODEL 

A schematic of the urban motor freight process is 
shown in Figure 1. The schematic shows a number of 
inputs, which are identified by the rounded boxes. 
Such components refer to factors that are sus
ceptible in either the short or long term to clearly 
exogenous impacts. Also shown as an input in Figure 
1 are intercity truck trip volumes. In this in
stance such flows constitute a spatially semi
exogenous component of the system. 

The major purpose behind this process model is 
structural, i.e., the need to identify the major 
functional linkages between system components. For 
example, freight consignment to vehicles (top of 
Figure 1) produces a set of daily truck trip gen
erations that in turn leads to a spatial truck trip 
pattern. This pattern will make use of 
terminal-based multitrip routings, the relative ben
efits from which will determine the level of 
terminal-based routing activity at any given urban 
location. This activity level is subjected to any 
prevailing land use laws, and may also be a function 
of nonlinearit-ies in terminal operating costs, which 
are caused by many trucks wanting to use the same 
road or loading spaces. Such costs are added to the 
mixed person-freight highway costs to determine 
truck miles by speeds and their associated fuel use 
and emission impacts. 
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The daily truck trips pattern so produced will 
itself be a function (in terms of highway routings 
and distances hauled) of suitable operating costs 
(notably driver time). Such costs will do much to 
determine carrier freight rates where for-hire op
eration is being studied. The interaction of this 
intraurban trip pattern with external truck and 
all-person travel often produces serious highway 
congestion, notably during the peak work trip pe
riods. This in turn causes a rise in vehicle move
ment costs, which cycle through the system and sub
sequently affect the daily consumption of direct en
ergy and the production of vehicle emissions. 

Over a suitable period of time some trucks may 
have their terminal base of operations relocated to 
take better advantage of existing or expected goods 
production and consumption patterns. Subsequent ad
justments in daily routings and trip patterns may 
also induce a change in vehicle fleet makeup and 
hence in load-to-vehicle consignments. Then a new 
set of cycles begins. 

By starting with other boxes in Figure 1, this 
set of relations can be traced from a different ini
tial perspective. For example, by starting with the 
existing or projected vehicle energy and emissions 
technology, the impacts from this perspective can be 
traced through the system. 

The mathematical model developed to allow quan
titative expression of the process model is shown in 
flowchart form in Figure 2. The current mathe
matical model represents only a partial realization 
of the process model due to the current data and 
time resources allowed. For example, no reliable 
and sufficiently comprehensive carrier freight rate 
data were available. Also, the current model does 
not deal with the assignment of freight to the ve
hicle component discussed above because this com-

. ponent is viewed as one entirely within the purview 
of individual carriers, shippers, and freight for
warders and is of no immediate concern to a tactical 
or strategic planning study. 

The generation, distribution, assignment, loca
tion, and evaluation procedure is cyclic in nature 
and has the following two major feedback loops (or 
multistep iterations) : 

1. A for-hire carrier trip generation, dis
tribution, and terminal circuit-based access and lo
cation cycle7 and 

2. A total trip generation, distribution, con
gested traffic assignment, and highway environmental 
costs and energy use cycle. 

These two cycles are linked through the truck 
distribution model that uses average, mixed-traffic, 
congested interzonal travel times to allocate trucks 
to their next destination. It is possible within 
the process to calibrate a number of commodity type 
or industrial sector specific trip distribution mod
els that may be suitably reaggregated to give total 
truck trip volumes for use in the traffic route con
gestion (assignment) cycle or to give for-hire mul
ticommodity trip flows. The model is built to han
dle either daily or peak-period vehicular flows and 
concentrates on the region's intraurban truck 
trips. That is, external truck trip volumes require 
a separate intercity freight modeling step7 they are 
therefore shown as an input in Figure 2. This is 
one of sevenexogenous inputs to the model shown. By 
systematically changing one or more of these model 
inputs to represent a different future scenario, it 
is currently possible to simulate the resulting 
circuit-based terminal zone accessibility pattern, 
plus all primary highway mixed-traffic volumes and 
speeds and associated traffic energy use and emis
sions productions. 
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NOTE ON NEW COMPONENTS OF THE MODEL 

The mathematical model has two new components not 
found in current passenger transportation models or 
in any past UGM system planning models. The first 
component is an iterative use of the urban trans
portation planning program's equilibrium traffic as
signment model UROAD to balance nontruck traffic on 
the region's primary highway system in response to 
alternative intraregional and interregional truck 
route designations. Such designations serve to 
limit all trucks (of a chosen size) to selected por
tions of the region's Interstate and primary ar
terials highway network. Local roadway restrictions 
are assumed left to local jurisdictions and are as
sumed to support the purpose of the primary route 
designations. 

The second new component of the planning model is 
an original approach to measuring the locational ac
cessibility of urban truck terminals. By using a 
synthesis of the graph theoretic and spatial inter
action modeling approaches to accessibility measure
ment, the terminal accessibility module shown in 
Figure 2 offers a multidestination, multicircuit
based approach to terminal activity locations. 
[Technical details of these two components are given 
by Southworth and others (~, Chapter 2) .J 

EXAMPLE PLAN 

An empirical analysis of the system's 1970 daily UGM 
pattern revealed that once the many highly localized 
truck trips had been removed from the system, a 
clear spatial pattern emerges for the remaining non
local trips. An idealization of this pattern is 
shown in Figure 3. The shaded areas refer here to 
all daily goods vehicle circuit starts, whether by 
private or for-hire carriers. The connections show 
the major nonlocal (i.e., short-distance) pickup and 
delivery place linkages covered by the daily travel 
circuits of the region. The vast majority of for
hire carriers locate their terminal(s) in the single 
shaded central area labeled Cook (County). 

To encourage both a wider regionwide distribution 
of such terminals, and at the same time consolidate 

Figure 3. High-volume, nonlocal circuit connectivity pattern. 
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Figure 4. UGM system plan. 
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those centrally located terminals within fewer 
clusters, one possible year-2000 terminal clustering 
and route designation plan is shown in Figure 4. 
This (tentative) plan, for example, suggests that, 
if current conditions hold, congestion might be 
reduced and carrier access to shippers maintained if 
24 such clusters are developed that are linked by a 
primary designated route system of some 1, 550 miles 
of in- traurban highways. 

Alternate plans need be generated, however, to 
account for changes in person traffic volumes, in
dustrial relocations, and any new primary highway 
building by the turn of the century. Emphasis needs 
to be placed in all such plans on qenerating highway 
infrastructure and terminal zoning plans that will 
avoid the disruption of current carrier and shipper 
interactions, while at the same time encouraging the 
person-freight system separation being sought. 
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It is hoped that the current modeling effort will 
help the planner to manage this by paying more at
tention to the urban freight component of the re
gional plan than has been done previously. Urban 
trucking activity should no longer be treated as 
simply a negative environmental component in traffic 
congestion studies. The dependence of all large ur
ban systems on daily UGM patterns requires that the 
potential impacts of any public planning schemes be 
considered, even longer-term ones, as to their ef
fects on the continued well-being of the carrier in
dustry. 

It must also be emphasized that, although this 
analysis does support the encouragement of terminal 
clustering in particular, the selection of appro
priate sites for such clusters is also a case for 
local planning of correct land use mixes. Therefore, 
final site selections must treat this strategic ap
proach as only the first stage in a systematic anal
ysis of UGM operations from the public perspective. 
Finally, emphasis should be given to different 
strategic plans that need to be generated in order 
to cover a range of possible future scenarios (l_). 
The above plan is only a demonstration of the scope 
and applicability of the model. 
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Urban Goods Movement in the 1980s 

GORDON P. FISHER AND ARNIM H. MEYBURG 

Urban goods movement (UGM), an activity of considerable size and complexity 
that accounts for perhaps a quarter of national transportation expenditures, has 
received increased awareness and study over the past 10 years. A significant 
portion of this increased attention is due to a series of Engineering Foundation 
conferences on Goods Transportation in Urban Areas; the fourth and most re
cent one was held in 1981 . The background that led to this last conference is 
described. The major findings and recommendations from the conference 
focused on (a) planning guideline development and dissemination, (b) dissemi
nation of case histories of UGM activities, (c) development of a measure of 
UGM activity, (d) evaluation of data requirements and availability, and (e) 
dialogue between the public and private sectors. On the basis of conference 
discussions and workshop reports, the outlook for UGM activities for the 1980s 
is projected, with emphasis on the effects of deregulation, the economic environ
ment, and the role of metropolitan planning organizations. 

Urban goods movement (UGM) has not received much at
tention in urban passenger transportation planning. 
This lack of attention is because urban freight col
lection and distribution systems already function 
efficiently and hence do not generate the interest 
and special attention of transportation planners. 
It is suggested also that freight movement is so 
deeply embedded in the private sector of the economy 
that government planners and policymakers ought not 
to intrude, and that the public concern is best met 
by free market operation. Of course, it has been 
suggested that the lack of control, understanding, 
and information for this sector makes it an unlikelv 
candidate for systematic analysis. 

The truth probably lies somewhere in between 
these views. It is true that data about UGM are 
hard to find because the privately operated UGM in
dustry is highly diverse, fragmented, and pro
prietary. It is equally true that the system ap
pears to accomplish its goal of commodity collection 
and distribution within urban areas. Yet a more 
careful view discloses that the UGM system is not 
performing satisfactorily. 

UGM contributes a disproportionate amount to ur
ban congestion 1 air, noise, and visual pollution1 
road surface deterioration; and fuel consumption, 
which are issues of public concern. It is clear 
that, although the UGM system functions, it probably 
does not operate in the most efficient manner, par
ticularly in regard to public concerns. The frag
mented and competitive nature of this private in
dustry leads to corporate rather than industrywide 
(and thus suboptimal) solutions, whereby system ca
pacity, fuel, and manpower are used inefficiently. 
These deficiencies are detrimental to the public 
sector in terms of (a) higher transportation costs 
imposed on consumer products and (b) the exter
nalities generated by the UGM system. 

The recent changes in the economic and regulatory 
environment in which the transportation i~dustry op
erates provide reasons for a new look at the UGM 
sector. Although the changed economic climate pro
duces significant consequences for the UGM community 
(e.g., increased fuel, labor, equipment, capital, 
and maintenance costs; and decreased economic ac
tivity, which results in reduced volumes for com
modity collection and distribution within urban 
areas), deregulation of the interstate trucking in
dustry does not appear to have a detectable impact 
on the already unregulated UGM industry. Never
theless, a closer look reveals that many interstate 
and intercity carriers also perform extensive pickup 
and delivery functions in urban areas. Renee the 

tremendous change in the size, composition, and 
routing structure for the interstate trucking in
dustry (1) that has taken place since deregulation 
also affects the collection and distribution opera
tions in urban areas. Ease of entry into the 
trucking business undoubtedly will continue to 
change the picture of urban goods movement and hence 
its impacts. 

A perspective of the historical evolution of UGM 
concerns is reviewed as they are reflected in the 
subject matter of a series of conferences entitled 
Goods Transportation in Urban Areas (GTUA), which 
have been held since the early 1970s when the opera
tions of urban freight pickup and delivery began to 
attract the attention of transportation planners, 
economists, and public policy analysts. In par
ticular, the fourth and most recent conference held 
in 1981 (GTUA IV) is discussed. These conferences 
and their published proceedings (_!-2.l have increased 
the knowledge about UGM and generated support from 
federal, state, and local agencies in order that in
telligent solutions to specific and general goods 
movement problems can be pursued. The development 
of a reference guide for UGM (~) is only one example 
of the beneficial impact that these conferences have 
had in paving the way for increased understanding 
and concrete actions. Also, several studies have 
been funded concerning various aspects of UGM 
<2-10) , and many study recommendations have been 
implemented. 

These conferences have increased the awareness of 
and the appreciation for UGM issues both by the gen
eral public and politicians. Moreover, cooperation 
between the private and the public sectors has 
evolved where little existed before, with clear ad
vantages to the industry and public alike. 

Finally, a valuable by-product of the conferences 
has been the establishment of nationwide interest 
among professionals who have responsibilities for 
UGM. 

PURPOSES AND AIMS OF CONFERENCES 

Against the backdrop of the political and tech
nological developments described above, the fourth 
conference (GTUA IV) was planned with the principal 
purpose of assessing what effects certain shifts of 
emphasis might have on urban goods transportation 
activities. Particular stress was to be given to 
detailed problem definition, implementation strat
egies, policy and planning priorities, and research 
directions. 

The conference was constructed around several 
workshop teams called probe groups, each of which 
was to develop and report on a particular subject 
area; i.e., 

1. Integration of UGM into the transportation 
planning process; 

2. Freight movement in relation to land use, 
planning, terminal facilities, and environment; 

3. Role of regulation in UGM1 and 
4. Fuel conservation and contingency planning. 

A fifth group, composed of representatives from each 
of these four groups, was asked to produce a co
herent set of research issues concerning UGM in ex-
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Figure 1. Interrelations among probe group subject areas at the four GTUA conferences. 
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pectation that many of these issues were concerns 
common to all or most of the other groups. 

From a historical perspective (see Figure 1), 
these themes were not too different f r om the t hemes 
of the previous three conferences. However, the 
thrust and content of the discussions differed sub
stantially from the earlier ones because of the sig
nificant shifts of emphasis that were and are oc
curring in the political and technolog i c11l milieu . 
Moreover, the conclusions have become more explicit 
and have focused more on practical implementation. 

The first theme, for example, is found in all 
four conferences, but has progressed from the ini
tial focus on long-range planning as embodied in the 
large metropolitan transportation studies of the 
1960s, then to short-range planning typified by 
transportation system management (TSM) , and now on 
the functions of the metropolitan planning 
organization (MPO). 

Similarly, the second theme grew out of earlier 
concerns about locating freight terminals in urban 
areas, locating and servicing of major freight gen
erators, and consolidated terminals for local pickup 
and delivery. The insights developed over the years 
allowed the GTUA IV conference to take a more com
prehensive approach to this general subject. 

Regulation, of course, has been a perennial 
topic, but this too has shifted dramatically. 
Whereas the earlier concern was the effects of regu
latory constraints on the free operation of market 
forces and their influence on private and public de
cision making in goods movement, the dynamic changes 
stemming from unexpectedly massive deregulation has 
presented a whole new set of issues. 

Many of the old problems, in spite of their 
changed context, do not go away and must be con
tinually refreshed. It is also not surprising that 
new problems appear. Thus the topic of fuel con
servation, out of fresh memories of the 1979 fuel 
crisis and vastly inflated fuel prices, warranted 
special attention. 

Fuel Conservation and 
Contingency Planniny 

The spectrum of talents and professional back
grounds among the conference participants may be of 
interest. Of the more than 50 conferees, 42 percent 
represented government organizations--almost pre
cisely the same proportion as for the G'i'OA III 
conference--but now more heavily weighted toward 
state, regional, and local government and less fed
eral. About 13 percent were private consultants, 
which was much lower than usual. The number of aca
demic people was virtually unchanged at about 29 
percent. As expected, representation from the in
dustry (four carriers and four shippers) was lower 
than desirable. 

FINDINGS AND RECOMMENDATIONS 

The details of the findings and recommendations of 
the GTUA IV probe groups can be found in the pub
lished proceedings (~). Although each group looked 
at UGM from a different perspective, several areas 
of concern are similar across the spectrum of group 
themes: 

1. Development and dissemination of planning 
guidelines, 

2. Dissemination of case histories of successful 
UGM activities, 

3. Development of a measure of UGM activity, 
4. Evaluation of data requirements and avail

ability, and 
5. Initiation or continuation of dialogue be

tween the public and private sectors. 

Each of these areas of concern has a different 
emphasis, depending on which of the probe group 
themes is considered. For example, the issue of 
guideline development is an immediately obvious pre
requisite for energy contingency planning to ensure 
adequate distribution of essential consumer 
products in urban areas during times of fuel short-
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age. The benefits of efficient logistical operatinq 
strategies during emergency situations are apparent 
to both the public. and private sectors. 

With a smaller degree of urgency, yet with no 
less importance, the need for guideline development 
and dissemination was also among the conclusions of 
the other probe groups. For example, probe group V 
concluded that (~) 

A nhow ton planning guide would be an important 
and invaluable addition to the transportation 
planner's tools. The major problems involving 
urban goods movement that might confront the pub-
1 ic sector would be identified, would be broad in 
range, and would include diverse topics, such as 
curb loading space needs, hazardous commodity 
routing, environmental concerns, redevelopment of 
land as intermodal facilities, impacts of fuel 
shortage on trucking, and numerous other planning 
concerns. 

These two examples, which illustrate a common 
thread running through a range of separate themes, 
could be expanded to cover all of the groups and to 
include other equally related examples. It is ob
vious that UGM problems and research needs, in what 
appear to be separable problem areas, emerge as 
being closely related. 

The recurrent themes of the need for better un
derstanding, better measurement, and better docu
mentation and dissemination became evident during 
the conference. It was also concluded that infor
mation gathering and measurement of UGM activities 
are going on all the time. A principal problem, 
however, is that personnel in the UGM community, who 
represent independent groups in the public and 
private sectors, seldom talk to each other. During 
the conference deliberations it was made clear that 
it is in the best interest of both sides to 
coordinate their activities and to cooperate in a 
constructive framework of information and data 
exchange, 

From a societal point of view, the broader plan
ning and policy approach of planners, regulators, 
and policymakers, which does not take into account 
the specific concerns of the private sector, can be 
as equally shortsighted and inefficient as a narrow, 
suboptimizing approach of individual goods movement 
firms that ignore the broader social and economic 
environment in which they operate. Only in a few 
urban areas has a constructive dialogue been es
tablished, and it clearly has benefited both sides. 
In such instances private-sector data become avail
able for public-sector planning for UGM within the 
broader range of the metropolitan transportation 
system. At the same time private-sector problems 
and private perceptions about public-sector actions 
find their way to policymakers and planners. These 
persons are then in a better position to design 
their policies, plans, and actions on the basis of 
improved information about activity types and levels 
and about problem identification among those people 
who are affected by their actions. The creation of 
a proper and effective interface between the two 
sides clearly is the secret to productive UGM ac
tivities that are in harmony with the rest of the 
urban infrastructure and operations. 

It is appropriate to sound a cautionary note con
cerning the repeated plea for more information and 
data gathering in the UGM area. There appears to be 
a tendency among the advocates of more data col
lection to be vague in the specification of the spe
c if ic problems that are supposed to be analyzed by 
means of such information. The question arises 
whether the demand for data is an excuse for not 
knowing how to specify and solve the problems, with 

51 

the hope that the answers will be revealed in the 
data. Fortunately, the probe groups avoided this 
particular pitfall. 

Related to the issue of data needs is the re
current question as to whether there really is a UGM 
problem. The answer is that there is not one over
riding problem, but rather a wide range of problems 
that need solutions. 

A further issue is related to the local character 
of UGM activities and problems. Although there is 
some merit to the argument that local street net
works, land use patterns, and regulations define the 
major parameters for goods movement in any specific 
area, the lessons learned in one locale might be 
useful for consideration in another area. The rec
ommendation by the conference was to assemble a case 
study report on successful solutions to local goods 
movement problems with the aim of making these 
experiences available to the public and private 
sectors for possible application in other areas. On 
the other hand, it should not be overlooked that ur
ban goods problems, beyond their generalities, and 
particularly the solutions to those problems, may be 
site specific and not easily transferable among com
munities. Needs and options may be markedly dif
ferent. Such a caveat, however, does not diminish 
the value of understanding how others have tried to 
solve their problems. 

The following resolution reached at the end of 
GTUA IV conference provides a summary about some 
practical and productive steps to be taken as a con
sequence of this conference. It was resolved that 
one or more master guides be prepared and published 
to cover the following UGM subjects: 

1. zoning and terminal locationi 
2. Planning guidelines, especially 

identification, appropriate data, and 
techniquesi 

for problem 
analytical 

3. Cooperation between the public and private 
sectors, including guidelines for public relations 
and mechanisms for citizen participationi and 

4. Listing of private and public agencies where 
data, advice, and guidance may be sought, 

It was not indicated how or by which agencies 
this recommendation might be implemented, although 
there were suggestions that the u. s. Department of 
Transportation (DOT) might assume the leadership 
role. 

PUBLIC- AND PRIVATE-SECTOR VIEWPOINTS 

A troublesome question that always crops up after 
such a conference as this is: Who, other than the 
conferees, is listening? The private side of the 
goods movement business--the carriers, shippers, re
ceivers, and terminal operators (i.e., those who 
make the day-to-day economic decisions)--charac
teristically is not interested or attentive. Opti
mizing its operations firm by firm, and seldom 
extending its interest to broad segments of the 
industry, this private side of goods movement is a 
formidable force over which little control can be 
exerted. No one denies that the role of the private 
sector is to ensure fi~ancial viability and to sup
port an environment to facilitate it, but there must 
be something profitable to be gained from objective 
studies of goods movement and from sustained dia
logue between the private and public sectors. At 
this point, however, it must be admitted that the 
series of GTUA conferences has not been useful to 
the private sector. 

On the other hand, the public sector--planners, 
policymakers, and private consultants--has a more 
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natural affinity with the broad approach followed by 
the conference. Conference determinations are 
increasingly useful to successively lower levels of 
government; i.e., helpful to state, regional, and 
local officials who ultimately have to face freight 
transportation problems. However, with limited 
opportunities for implementing plans and mainly re
stricted to traffic engineering and regulatory 
ordinances, government officials have to rely on 
persuasion and cooperation in dealing with the pri
vate sector, a process that is inhibited by the lack 
of dialogue among affected parties. Such dialogue 
does not occur naturally, and specific procedures to 
facilitate and foster it on a sustained basis ought 
to be established. It is suggested that the MPO may 
be a proper and primary instrument for assuring that 
an organized dialogue occurs. 

In view of the current federal reluctance tn 
intrude on the private sector or into the business 
of state, regional, and local governments, it is not 
to be expected that much, if any, activity in urban 
goods transportation will come from that quarter. 
Urban freight simply is not a pressing congressional 
issue. It is frequently heard from representatives 
of DOT and Congress that what is done for the im
provement of passenger traffic or traffic flow in 
general (e.g., the Interstate highway system) bene
fits goods movement as well. This attitude not only 
ignores the special problems of urban freight, but 
it requires a good deal of stretching to make cur
rent programs fit goods movement without any direct 
commitment to it. Even if the proposition were 
true, such an approach i11 entirely 11erendipitous, 
undeliberate, and out of focus. 

THE VIEW AHEAD 

A conference such as GTUA IV begs the question of 
where UGM is likely to move in the future. Three 
issues, among others, merit further comment because 
of their special importance and breadth: deregula
tion, the economic environment, and the role of the 
transportation planner with respect to UGM. 

Deregulation 

Deregulation will continue to pose problems and new 
opportunities for UGM during the 1980s. After the 
massive deregulatory moves of the Motor Carrier Act 
of 1980, further extensive changes are not expected, 
although there may be corrective legislation aimed 
at restricting ease of entry and at predatory 
pricing in trucking. These matters are under con
sideration by the Interstate Commerce Commission 
(ICC), but no pol icy changes appear imminent. 

In general, the impacts of deregulation are not 
entirely clear, especially in urban area trucking, 
which has never been subject to much regulation. 
Interstate truckers have already been affected by 
competition and overcapacity from newly certificated 
carriers, although unrestricted routing and other 
freedoms have given firms more control over manage
ment of their business. On the one hand, the pres
sures of competition have led to shrewder marketing 
practices by truckers, but on the other hand it has 
also led to price-pinching by shippers. No one yet 
knows how the situation will settle. It may be safe 
to predict, however, that no responsible shipper, 
out of self-interest, will engaqe in or encourage 
predatory practices that may destroy the viability 
of his carrier sources. A more likely outcol\le is 
close shipper-carrier cooperation for mutual benefit. 

since 1980, when the Motor Carrier Act was imple
mented, approximately 5,000 new carrier entry appli
cations have been granted by the ICC (11), and more 
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than 19,000 carriers have filed new route applica
tions (1). Over the same period, approximately 150 
carriers have gone out of business and perhaps 50 
more are facing financial difficulties (12). The 
disturbingly high number of recent trucking-business 
failures is commonly attributed to deregulation, but 
the inflation and economic recession of the early 
1980s are the more likely culprits. There is no 
reason why a well-managed carrier should not survive 
and prosper in the new deregulation environment. 

The main impact of deregulation appears to fall 
on interstate rather than urban carriers. However, 
interstate shipments have their ends in urban areas 
and are likely to affect local haul and pickup and 
delivery operations. What the effects will be is 
difficult to perceive at this stage. The ability of 
interstate carriers to deliver to a final desti
nation allows the bypassing of local haulers and, if 
shipments continue to be interlined with local 
carriers, should cause some modification of pricing 
strategies toward overall lower rates. Local 
carriage is not likely to diminish, although some 
marginal carriers may disappear, with the result 
being more efficient UGM. Some interstate carriers 
will continue to interline with local carriers 
rather than deliver directly because their long-haul 
equipment is not efficient on city streets. Note, 
however, that the 27-ft trailer commonly used in 
tandem in long-distance twin-trailer rigs is, as a 
single unit, maneuverable on city streets and may be 
used more frequently in direct deliveries. 

Economic Environment 

In spite of the human tendency to be optimistic 
about future economic conditions, truckers have 
substantial cause for pessimism. Faced with a weak 
economy and unprecedented competition, operating at 
about 70 percent of capacity, and forced into severe 
rate cutting, truckers view the near term as dismal 
(11). The following remarks are not an economic 
forecast, but merely some observations or 
perceptions that transportation engineers, planners, 
and policymakers ought to be concerned about. 
Again, a distinction must be kept between the long
haul interstate side of the industry and the urban 
side. 

Most of the current economic ills are manifested 
on the long-haul side of the industry, which in
cludes price cutting, overgenerous discounts and 
incentives, falling revenues, and inflation-fueled 
costs, as well as the pursuit by shippers of rock
bottom rates. On the bright side, the Teamsters 
union, in the knowledge that as many as 25 percent 
of its members have been laid off, appears to be 
more modest in its wage demands, wh i ch should help 
the costs of the long-haul, mostly unionized, car
riers. Also, shippers are beginning to cooperate 
with carriers for their mutual advantage; e.q., 
putting together packages of inbound and outbound 
business, making multiyear commitments, balancing 
distribution patterns against carrier tonnage needs, 
and helping carriers to develop backhaul traffic. 
Such moves will benefit both the industry and the 
public. 

On the urban side of the industry, which is more 
properly the concern of this paper, the picture is a 
bit healthier, and freight activity, although less 
abundant than before, does not appear to have dimin
ished radically. This stability occurs because a 
large portion of the traffic is in service functions 
and in the carriage of consumable supplies necessary 
to the life and functioning of the urban area. 
Moreover, the urban freight sector has been charac
teristically beset by the overcapacity problem for a 
long time and yet has managed to survive. 

'F 
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A more critical economic problem that affects 
both long-haul and urban carriers lies in a 1980 
amendment to the Employee Retirement and Income 
Security Act, which requires that a firm withdrawinq 
from business deposit a sum of money with a central 
pension fund to protect employee benefits. The size 
of the required liability is so prohibitively large 
that it practically prevents a carrier from going 
out of business or merging with another company. 
The liability is often more than the firm's net 
worth. The net result has been that marginal, 
money-losing carriers choose to continue in business 
and chase freight at barely compensatory rates. 
Thus the carrier consolidation that would occur 
normally under the principles of economics has made 
little progress. 

Ro le of t he Transpor tation Planner 

Planners understand readily enough that planning for 
urban freight movement theoretically should be part 
of overall urban transportation planning, but for 
several reasons integrated planning does not often 
occur. 

.l. UGM-related problems may not be perceived or 
anticipated. They may not appear significant enough 
to expend effort on them or they may appear to be 
temporary. In smaller urban areas they may not be 
evident or may not exist throughout the urban area 
and thus do not demand attention. 

2. There is a lack of systemwide indicators of 
the existence and magnitude of UGM-related problems 
and a lack of understanding of the associated costs 
and benefits. 

3. If a problem is perceived, lack of experience 
and uncertainty about the planner's role often 
causes the problem to be deferred. 

4. There is not any agreed on methodology for 
freight planning and there is not any agreement on 
whether data ought to address vehicle flow or 
commodity flow. 

5. UGM problems, even when attacked, are usually 
treated separately as isolated freight-only situa
tions and not as part of the overall transportation 
system. 

6. The planner usually does not know where to 
seek information in order to take advantage of the 
experiences of other planners. 

If these reasons for lack of effective UGM plan
ning are to be overturned, high priority must be 
placed on the development and dissemination of 
guideline documents in three general areas: 

1. Data requirements, collection procedures, and 
costs of collection, as well as appropriate types 
and quantities of datai 

2. Basic freight planning methodology and step
by-step procedures, ranging from problem 
identification and categorization to options for 
alleviating UGM problems, including implementation i 
and 

3. Case studies of UGM projects already under
taken that describe analytical procedures, institu
tional aspects, time and cost, and effectiveness of 
improvements. 

It is also vital that practice-oriented research be 
fostered in order to clarify data requirements and 
methodologies. 

Finally, the function and role of the MPO ought 
to be strengthened. Operating at the local level, 
where UGM problems usually manifest themselves 
first, the MPO is perhaps the most sensible planning 
institution that has been developed to date. Be-

53 

cause of its central role, it is a clear link in the 
chain of responsibility for transportation planning 
and funding. It can serve as a regional clearing
house for transportation and urban development prob
lems and as a coordinator between the public and 
private sectors. 
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Concept Design and Analysis of a Linear lntermodal 
Freight System 

PETER J. WONG, ANDREW R. GRANT, AND MASAMI SAKASITA 

A conceptual linear corridor intermodal freight system was analyzed by using 
the computer model LINET. The train operating strategy used-freightliner-is 
an idealized form of a typical railroad strategy for a corridor. The problem 
formulation for this generic linear corridor freight system is described, and the 
LINET computer simulation model and the cost equations used to quantify 
the various trade-offs and relations between fundamental system design param· 
eters as they affect costs and performance are presented. The results of these 
analyses include trade-offs associated with the most cost-effective system de
sign, ieasibie system designs with sufficient capacity, minimum-cost system de
signs, and design for a specified level of service. 

The three major components of a truck and rail in
t ermodal freight system are (a) the local service 
trucks, which pick up and deliver containerized com
modities within a local terminal area by using the 
highway and street network 1 (b) the line-haul rai 1 
component, whereby trains transport the containers 
between terminals over a rail network 1 and (c) the 
terminal component, which aggregates ana transfers 
containers between the truck and rail components. 

Little fundamental research has been done to fur
ther the understanding of the interrelations and 
trade-offs between intermodal freight system eng i
neering design and operating parameters. Thus plan
ners have difficulty making the correct decisions at 
both a national policy level and a detailed engi
neering design level to ensure the future economical 
and effective transport of goods that sustain the 
nation's economy. This is especially important due 
to current energy and environmental concerns. An 
attempt to partly fill the knowledge gap in this 
area is presented in this paper. 

An intermodal freight system is complex; there
fore, to simplify this analysis the focus of this 
paper is on a linear corridor system in which the 
terminals are in series and concentrated on the line
haul and terminal components. (Because the local 
service component uses trucks on the highway and road 
system, its performance was treated as given.) So as 
not to restrict unduly the range of what is feasible 
and potentially desirable, the study was conducted 
on a generic system without the current constraints 
of existing plants, technological limitations, and 
institutional restrictions. 

Only a portion of the issues and trade-offs that 
must be understood to design an effec.tive intermodal 
freight systein a re addressed. The basis for this 
paper is research findings originally documented for 
the Office of Systems Engineering, U.S. Department 
of Transportation (!,£>. 

STUDY FRAMEWORK 

The development of a complete characterization of an 
intermodal system is a complex undertaking because of 
the many variables and degrees of interaction. Lit
tle research has been done to examine the trade-offs 
of the intermodal freight system. Therefore, the 
focus was initially on the simple line-haul system 
represented by the five-terminal linear network shown 
in Figure 1. Such a simple linear system has real
world analogs in the numerous heavy-volume freight 
corridors that exist in the United States. Although 
the linear network is simple, it provides an abun
dance of insights that are prerequisites for a sys-

tematic examination of a more complex two-dimensional 
system. 

The demand in this simple linear system is char
acterized by the number of containers (used iri a 
generic sense) going from each origin to each desti
nation. A number of trains move over the line-haul 
segments and carry containers between terminals; a 
train moves at a con~tant speed over the line-haul 
segments and has a fixed maximum capacity (or size) 
for carrying containers. All terminals are identical 
and are characterized by a single processing . time 
that is the combined time needed to load and unload 
containers from a train; the number of terminal plat
forms (or berths) determines the number of trains 
that can be processed simultaneously. (The number 
of terminal platforms refers to the number of plat
forms in a terminal for one direction only; it is 
assumed that the terminals are symmetrical.) Thus 
the interrelations and trade-offs among the five 
main engineering system design parameters listed 
below were studied: 

1. Number of trains, N (fleet size); 
2. Train speed, V (miles per hour) 1 
3. Train capacity, C (containers) 1 
4. Terminal processing time, P (loading and un

loading a train) 1 and 
5 . Number of terminal platforms, PL (berths 

for loading and unloading) • 

The specification of the simple linear system is 
incomplete untii the train' s operating strategy on 
the network is specified. At one extreme is a local 
train strategy, in which a train stops at every ter
minal and picks up containers for all terminals along 
the route. At the other extreme is the direct
service train strategy, in which a train goes di
rectly between two terminals without intermediate 
stops and carries only containers for the destination 
terminal. In this paper the results for an interme
diate strategy called freightliner are presented. 
Freightliner represents an idealized version of a 
typical railroad operating strategy for a series of 
major terminals in a corridor. It is essentially a 
sophisticated local strategy in which stops can be 
skipped. This means that a train leaves the initial 
terminal carrying all containers going iri the same 
direction; it stops at an intermediate terminal only 
if it has containers to deliver or if a specified 
minimum number of containers are to be picked up. 
Once stopped, the train will pick up additional con
tainers going in the same direction. 

Figure 1. Linear network and train operations strategy. 

LINEAR Ni!"T'NORK 
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LINET SIMULATION MODEL AND COST EQUATIONS 

A general-purpose simulation system (GPSS) computer 
model of the linear corridor system was developed 
for the analysis of trade-offs between the five sys
tem design parameters previously listed. This model 
is called LINET for linear network model. In the 
LINET model trains go from terminal 1 to 5 or from 
terminal 5 to 1 (Figure 1) operating in the freight
liner mode. LINET is constructed so that the engi
neering system design parameters can be varied along 
with the station spacing. 

Containers enter the system at an origin terminal 
with a request to go to a destination terminal. The 
specification of 24-hr demand is through an origin
destination (O-D) matrix that indicates the container 
volumes for each 0-D pair during the 24-hr period. 
The actual time when a container enters the system 
at a specific terminal is randomized and subject to 
the 24-hr volume constraints imposed by the 0-D ma
trix. The LINET model assumes that the 24-hr demand 
is repeated daily. The analysis presented here as
sumes that the system must move 2,300 containers/day. 

Once a container enters the system it is not 
picked up until a train going in the proper direction 
with sufficient capacity arrives. Trains stop or 
skip stops according to the freightliner rules. When 
a train arrives at the end of the system, it is 
turned around to run in the opposite direction after 
an appropriate delay. 

The LINET model has been instrumented to provide 
the following system evaluation statistics: 

1. Train utilization factor (fraction of train 
capacity used) ; 

2. Train delay time per link (train delay time 
to leave a link because of congestion to enter a 
station); this delay time could be associated with 
the station or the link; it was convenient for ac
counting purposes to associate the delay with the 
link; 

3. Time elapsed before a container is picked up 
at a station; 

4. Number of containers delivered during the 
period under study; 

5. Average time containers are in the system; 
6. Effective container speed through the system 

(total distance traveled divided by total time in 
the system) ; and 

7. Total daily cost of the system. 

The last item includes the capital recovery, op
e rating, and maintenance costs. Formulas for total 
daily cost were developed for various categories in 
terms of the engineering system parameters N, V, C, 
P, and PL. The formulas are given below (the units 
a rl! dollars per day) : 

Guideway costs= 0(395 + 0.304V2 ) 

Terminal costs= CPL (157 + 133/P) + 1,370 

Crew costs = 949N 

where 

N = (DY + PV 2 - 450)/V(0.33V - 0.83) 

Fuel costs= { C(16 + 20U) (3.8V + V2 (0.0515 + 0.89/D)] 

(train miles)}/ 1,000 ,000 

where 

Train miles= 2.18DC0 /CU 

Equipment capital costs= 0.003NV2 C 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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Equipment maintenance costs= 0.02C(train miles)+ 0.6(fuel cost) (8) 

In addition to the engineering system design pa
rameters, other variables were required in the cost 
formulas. The variable U is the average train uti-
1 ization factor (i.e., fraction of train capacity 
used) , c0 is the average number of containers de-
1 ivered during the period of interest, and D is the 
average distance between terminals. 

The development of the cost formulas is documented 
elsewhere (~). The critical assumptions in the de
velopment of the cost formulas are 

1. Current tail technology costs are simply ex
trapolated to obtain costs for advanced technology 
systems operating at higher train speeds; 

2. The intermodal system bears the entire cost 
of the guideway; 

3. The guideway costs increase with the square 
of the design train speed; and 

4. Terminal processing costs increase with the 
reciprocal of the terminal processing time (i.e., 
increase inversely with terminal processing time). 

As will be discussed later, other forms of guide
way costs were used to test the sensitivity of the 
results. 

MOST COST-EFFECTIVE SYSTEM DESIGN 

When more money is spent on a system, improved sys
tem performance is expected. At what point is it no 
longer beneficial to spend more money on a system? 
To answer this question, a cost-effectiveness (or 
cost-benefit) analysis is often conducted. The re
sult of this analysis would be the system design 
that provides the greatest incremental performance 
improvement per additional cost. 

Unfortunately, cost-effectiveness is not well 
defined for a freight system. Consequently, for 
this analysis the following composite ratio was cre
ated, which can be interpreted as a measure of system 
cost-effectiveness: 

Cost-effectiveness ratio = average effective 
container velocity f total daily system cost. 

A more accurate description of the ratio might be 
effectiveness-cost ratio, because the numerator is a 
measure of system effectiveness or performance, 
whereas the denominator is a measure of system 
costs. However, the term cost-effectiveness is more 
standard terminology. (The units for the cost
effectiveness ratio are miles per hour per dollar.) 

The average effective container velocity is cal
c ulatea by dividing the total distance of container 
travel by the total time a container spends in the 
system (Le., total time spent in terminals and in 
line-haul) • The result is a measure of the effective 
speed at which a container moves through the system, 
which reflects the level of service the system pro
v ides the customers. 

Extensive parametric trade-off analyses were con
ducted by using the cost-effectiveness ratio as a 
figure of merit. The design speed parameter (V) was 
varied over a wide range to illustrate the trade-off 
between equipment and crew productivity and the costs 
associated with higher speeds. Guideway cost was a 
dominant component of system costs in all cases and 
thus mediated against high design speeds. Similarly, 
terminal processing technology, as embodied in a 
processing time parameter (P), was also varied wide
ly. The cost component of terminal processing time 
was assumed to increase with the reciprocal of the 
terminal processing time. The results of the vari
ation indicated a high payoff for reducing terminal 
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Figure 2. Cost-effectiveness ratio curve. 
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processing time well below even the best current 
technologies. 

To more fully understand cost-effectiveness rela
tions, the data in Figure 2 show an overlay of three 
curves that represent cost, effective velocity, and 
cost-effectiveness ratio. (The data in Figure 2 
should actually show three ordinates, but for sim
plification the ordinates associated with the cost 
and velocity curves are not shown.) The cost curve 
increases with V2

• The effective velocity rises 
rapidly with V and then levels off, which reflects 
the fact that increasing V adds to the velocity over 
the line-haul segments but not through the terminal. 
Thus the curve of the cost-effectiveness ratio has a 
maximum value. The curve shown in Figure 2 is a 
function of one parameter, train speedi a family of 
such curves and an associated set of optimum train 
speeds ·exist for various values .of the other eng i
neer ing parametersi e.g., number of trains, train 
capacity, and terminal processing time. 

The data in Figure 3 show contours of equal csst
effectiveness in the two-dimensional parameter space 
of terminal processing time (P) and the average line
haul transit time between terminals (D/V), where D 
is the average distance between terminals. From this 
figure it appears that the contours are closed and 
that a distinct optimum, marked by an X, exists. 

~he data in Table 1 indicate that if train capac
ity is the independent variable and the system ca
pacity remains the same, the optimum system configu
rations from a cost-effectiveness ratio are nearly 
identical for the 10- and 25-container capacity 
trains, which indicates that the optimum in terms of 
train size is relatively flat. Thus the optimum 
system configurations have a large number (30 to 60) 
of relatively small trains (10- to 25-container ca
pacity) that travel at moderate speeds (45 to 60 
mph). The associated optimum terminal processing 
time is in the range of 6 to 12 min to both load and 
unload a train. 
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The assumed cost relations play a critical role in 
determining the most cost-effective system design. 
For the cost relations and cost-effectiveness ratio 
criteria assumed here, however, the conclusion is 
that the most cost-effective engineering design for 
a freight system calls for a large number of small 

Table 1. Optimum sets of engineering system parameters. 

Optimum Engineering System 
Parameters by Train Capacity 
(no. of containers) 

Item 10 25 

Cost-effectiveness ratio 175 171 
No. of trains 59 31 
Line-haul speed (mph) 60 47 
Terminal processing time (hr) 0.1 0.2 
Effective container speed (mph) 48 34 
Daily cost ($000 OOOs) 0.27 0.20 

Figure 4. Feasibility boundaries in two dimensions. 
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trains moving at moderate speeds; the associated ter
minal processing time is on the order of fractions 
of 1 hr. 

This conclusion remains valid even when the fol
lowing three modifications to the assumed cost for
mulation are made: 

1. Total guideway cost (fixed plus velocity
dependent terms) is reduced by a factor of one-tenth, 

2. Only the velocity-dependent term of the guide
way cost is reduced by a factor of one-tenth, and 

3. A new guideway cost is formulated to be equal 
to a $2.00 surcharge on every dollar spent for fuel. 

The rationalization or interpretation of these 
results is as follows. A specified level of system 
capacity can be achieved through use of a small num
her of high-speed trains or a larger number of smal
ler moderate-speed trains. The effective container 
velocity can be increased by accelerating (a) the 
speed over the line-haul segment by maintaining 
higher train speeds or (b) the speed through the 
terminals by maintaining faster terminal processing 
time and more frequent train departures (i.e., more 
trains) to reduce the container wait time for a train 
connection. Because the cost functions assumed in 
this study increase rapidly with the square of train 
speed (Figure 2), and because adding more trains and 
decreasing terminal processing time is less expensive 
than increasi.ng train speeds, the most cost-effective 
strategy is to (a) build terminals that can process 
trains faster and (b) have more smaller trains moving 
at moderate speeds rather than fewer high-speed 
trains. Also, as the number of trains is increased, 
the arrival frequency at the terminal increases; 
therefore, the terminal processing for a train must 
be rapid in order to avoid queuing delays for service 
at the terminal. 

FEASIBLE SYSTEM DESIGNS WITH SUFFICIENT CAPACITY 

Insight into the fundamental interrelations and 
trade-offs among system design parameters can be 
obtained by studying the feasible design alternatives 
that have sufficient container-carrying capacitv to 
satisfy the steady-state, 24-hr demand for container 
shipments. A system is defined as having sufficient 
capacity if essentially all of the containers are 
shipped within 24 hr • 

The multidimensional system parameter space can 
be divided into two regions. In one region the sys
tem is capable of satisfying the demand, and in the 
other it is not. This analysis focused on the rep
resentation of this feasibility region in two di
mensions. Examples of these feasibility regions in 
several two-dimensional parameter spaces are shown 
in Figure 4. The curve that separates the feasible 
from the infeasible region is called the feasibility 
boundary. 

In the v versus N parameter space the feasibility 
boundary is hyperbolic in shape (Figure 4a). The 
vertical asymptote indicates that a minimum train 
speed is required to satisfy delivery of the con
tainers. The horizontal asymptote indicates that a 
minimum number of trains is required. 

In the P versus N parameter space the feasibility 
boundary rises with a slope to the right before 
leveling off. The initial rise of the curve to the 
right is explained by the fact that, with few trains 
initially, the terminal processing time must be fast 
to satisfy the demand. As more trains are added to 
the system, however, terminal processing does not 
have to be as fast to satisfy the delivery of the 
containers up to the point where the curve begins to 
bend to the right and level off. The curve bends 
because, as additional trains are added to the sys-
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Figure 5. Feasibility curve family 
in N·V plane . 

Figure 6. Feasibility regions in 
C-N plane. 
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Figure 7. Feasibility curve and equal-cost contours in V-N plane. 
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tern, the terminal processing time must be suffi
ciently rapid to prevent queuing delays for trains 
waiting in the terminal to be processed. (In fact, 
a portion of this analysis indicates that the curve 
at some point begins to bend down.) 

In the C versus N parameter space the feasibility 
boundary is again hyperbolic. The vertical asymptote 
indicates that a minimum number of trains are re
quired to satisfy the demandi the horizontal asymp
tote indicates there is minimum train capacity. 

In reality the feasibility boundary is a surface 
in a multidimensional parameter space. Slices of 
this surface in two dimensions are shown in Figure 
Si the other associated parameter values are not 
displayed. The data in Figures 5 and 6 provide ex
amples of how the feasibility boundary changes in 
the N versus V space as either the terminal proces
sing times decrease or the number of terminal plat
forms increasei in both cases the feasibility regions 
increase. 

In the N versus. V parameter space the data in 
Figure 5 indicate the enlargement of the feasibility 
region as the terminal processing times decrease. 
As they decrease, the feasibility boundaries become 
a nested set of feasibility curvesi therefore, fea
sible system designs become possible with smaller 
numbers of higher-speed trains as terminal processing 
times decrease. 

In the C versus N parameter space the data in 
Figure 6 indicate that the feasibility boundary that 
assumes one terminal platform is nested inside the 
feasibility boundary that assumes two terminal plat
forms. The two-platform system can operate with a 
larger number of smaller trains than that possible 
with a one-platform system. 

MINIMUM-COST SYSTEM DESIGNS 

A typical example of a feasibility boundary and the 
associated equal-cost contours are shown in Figure 
7. The cost curves are somewhat similar in shape 
and orientation to the feasibility curves but have 
less curvature. The system costs increase as the 
distance from the origin increases. Minimum system 
costs are found in the knee of the feasibility 
boundary at the point where the feasibility boundary 

30 40 

is tangent to a cost curve. The costs in the knee 
of the feasibility boundary are fairly constant 
throughout the knee and near the minimum cost. Thus 
the knee of the feasibility curve is an area where 
minimum-cost designs, or near-minimum-cost designs, 
are achieved. 

The system designs associated with points in the 
knee represent a considerable range of design alter
natives. In the example the range of approximately 
equal-cost designs in the knee extends from 11 trains 
at 50 mph to 16 trains at 20 mph, with perhaps the 
least-expensive feasible solution using 13 trains at 
30 mph. 

The minimum-cost design is not necessarilv the 
most cost-effective design. It is merely the least
expensive feasible solution. Points in the interior 
of the feasible region may provide higher cost
effectiveness even though they cost more. 

DESIGN FOR SPECIFIED LEVEL OF SERVICE 

One of the most important measures of the service 
effectiveness of a freight system is the average 
time a container spends in the system. A family of 
curves is shown in Figure 8 that represent time in 
the system plotted against line-haul speed for a 
specific combination of train capacity, demand, and 
interstation distance for systems along the 
feasibility boundary. The hyperbolic shape is 
clearly evident, and the general shape is typical. 
Two useful inferences can be made from this illus
tration. 

1. At low speeds the time in the system rises 
rapidly as speed decreases, and reductions in pro
cessing time are not effective in reducing the time 
in the system. 

2. At speeds greater than 50 mph the reverse is 
generally truei i.e., increased speed does not 
greatly reduce the time in the system. Increased 
processing time either increases time in the system 
or requires considerable increases in line-haul speed 
if time in the system is to be constant. At those 
speeds the travel time is small compare~ with other 
time components (loading and unloading time, lost 
time, and waiting time), and the travel time compo
nent becomes smaller as speed increases. 
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Figure 8. Time in system versus line-haul speed. 
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A plot similar to Figure 8 would be useful in the 
initial selection of parameters for a system designed 
to provide a certain level of service. For instance, 
for a average container time in the system of 600 
min, a processing time of 60 min would require a line 
speed of 55 mph. Reducing processing time to 30 min 
would reduce the required line-haul speed to 45 mph. 
A zero processing time would still require a line
haul speed of 38 mph. On the other hand, increasing 
the processing time to 120 min would require a line
haul speed in excess of 100 mph. 

It is informative to plot curves of equal time in 
the system for various values of terminal processing 
time (P) and transit time across a line-haul segment 
D/V. (The use of the variable D/V instead of V ver
sus P is useful because D/V and P are in the same 
units, i.e., time.) The data in Figure 9 show such 
curves for a specific combination of other system 
design variables. The lines in this figure are 
fairly straight and evenly spaced. This should not 
be surprising, as P and D/V are combined linearly in 
calculating time in the system and heavily influence 
the result. 

The data in Figure 9 provide a means of rapidly 
determining the trade-off between D/V and P for any 
given level of service. The sections of the curves 
above P = 3 are unsubstantiated by LINET runs and 
are therefore indicated with dashed lines. It would 
be expected that, as the line-haul transit time (D/V) 
decreases, a breakdown point would occur at which 
the linear relation would no longer be valid. The 
curve should begin to bend down with decreasing D/V, 
which indicates that the terminal processing time 
( P) must decrease to avoid train queuing delays in 
the terminal. 

The number of terminal platforms influences the 
size of the feasibility region (i.e., a system with 
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2 platforms/terminal has a larger feasibility region 
than a system with 1 platform/terminal) . Once a 
system design is feasible, however, adding extra 
platforms to terminals has little effect on the av
e rage time a container spends in the system. Thus 
the number of platforms affects the ability of the 
system to satisfy the demand, but once the system is 
able to satisfy the demand, the number of platforms 
has little effect on system effectiveness. 
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Network Analysis of Highway and Intermodal 
Rail-Highway Freight Traffic 

ALAIN L. KORNHAUSER AND MICHAEL BODDEN 

The analysis capabilities of the Princeton highway and intermodal rail-highway 
network models are described. These network models are extensions of the 
Princeton railroad network model and graphic information system and are 
based on a geocoded network representation of intermodal transfer locations 
and the U.S. highway system. The models contain efficient routing and traffic 
assignment algorithms, highway and rail cost models, and extensive network 
editing and computer graphic utilities. Examples of highway and intermodal 
routes and a graphic analysis of the rail side flows of 1980 inter modal traffic 
based on the 1980 one percent waybill sample are presented. 

Analysis of U.S. highway and intermodal (highway
rail) traffic has been difficult because precise and 
broad-based highway traffic data were lacking and 
because an efficient computer-based network repre
sentation of the U.S. highway system did not exist. 
The unavailability of these data is unexpected given 
the amount of planning and funding that has been 
expended on the U.S. highway system. One would have 
assumed that the FHWA would have sponsored the 
creation of such a network data system, or that the 
Interstate Commerce Commission (ICC) or the FHWA 
would have secured the authority to collect a sample 

of highway traffic movements similar to the 1 per
cent waybill sample collected for rail freight (,!) • 

However, because the carrier portion of highway 
freight transportation is fragmented and some sec
tions of highway transportation are not requlated, 
no national sample of origin and destination data 
for highway freight traffic exists. The best 
publicly available cross-sectional national sample 
of truck traffic is the 1977 Census of Transporta
tion (2). Although beneficial, this data source is 
significantly inferior when compared to the rail 
freight waybill sample. The origin and destination 
data of the 1977 Census of Transportation are 
grossly aggregated to state levels or to metro
politan areas, and no revenue data are given. 
Similarly, there are little or no data available for 
intermodal traffic because no government agency 
collects it. (Because intermodal traffic is de
regulated, there may not exist a public need to 
know.) 

The rail freight waybill sample only reports rail 
interchange locations, and not the ultimate highway 
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origin or destination of the traffic. Even the 
railroads have not maintained traffic data on the 
ultimate origin or destination of intermodal traf
fic. Highway traffic data do exist within large 
trucking companies and within the freight forwarders 
that perform much of the retailing of intermodal 
traffic. However, these data sources are not acces
sible to the public or to the research community. 

One reason why origin and destination highway 
traffic data have not been collected may be that 
there did not exist a means by which such data could 
be used effectively. The sheer ·size and ubiquity of 
the U.S. highway system did not lend itself to 
network-type traffic analysis. 

A literature search has not uncovered the exis
tence of any publicly available geocoded u.s. high
way network. There does exist some proprietary 
highway networks, such as 

1. Lansdown's highway network, which includes 
some 60,000 nodes and links (3)1 

2. Rand McNally-TDS' s •Mt le Make I," which is 
based on household goods movement mileages (3) 1 

3. Networks by Numerax and others for mileage and 
rating purposes (1) 1 and 

4. Highway networks by CACI, for which little 
description is available in the literature. 

Because of the analytical and problem-solvinq 
successes of the Princeton railroad network model 
(PRNM) (4), construction of a link-node network data 
base of the u.s. highway system was undertaken. The 
highway network was coded for the following reasons: 

1. A quantitative and computer graphic mechanism 
could be provided for describing and understanding 
current freight distribution patterns and options on 
a national, local, regional, and corporate basis. 

2. Alternate highway routings could be assessed. 
The ubiquity of the u.s. highway system suggests 
that numerous, essentially equivalent, alternate 
routes exist between most points. Although this is 
often true, favored routes tend to emerge, espe
cially when toll facilities, weight restrictions, 
and legal passage of hazardous materials are taken 
into account. Many bridges and tunnels ban the 
shipment of hazardous commoditiesi states have 
varying weight limitsi and many communities ban the 
transportation of nuclear materials. 

3. Alternate intermodal routes could be .,nalyzed 
because the highway network was developed so as to 
be compatible with the U.S. railway network. 

4. Highway market service areas could also be 
analyzed. There is a need to identify the areas 
served by various elements of the highway system 
(e.g., toll facilities or segments of Interstate and 
intermodal facilities). These analyses are ac
complished by assembling either all origins 
(destinations) to (from) a common destination 
(origin) or both, so that the market service area 
for intermodal facil~ties can be assessed. 

5. Operational pricing and policy analysis issues 
could be studied, including estimates of the quan
titative effects of variation in the size of the 
market service areas with changes in the price of 
fuel, truck sizes and weights, speed limits on high
ways, tolls, intermodal train service, and inter
modal ramp charges. 

6. The strategic value of various segments of the 
highway system, especially bridges and tunnels, 
could be assessed. 

Of the above analyses, only d.istrbution patterns 
require traffic (origin-destination) data. The 
others can be accomplished in a straightforward 
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manner with network data, routing algoiithms, and 
network editing and computer graphic utilities con
tained in the Princeton highway network model. 

If origin-destination traffic data are available, 
then distribution patterns and opportunities can be 
studied by the following analysis capabilities: 

1. Display of the volume of traffic by highway 
segment, direction, equipment type, and commodity7 

2. Display of empty or loaded factor for weighted 
volumes by direction: 

3. Display and analysis of optimum routing and 
reload opportunities as part of a vehicle management 
systemi 

4. Identification of where backhauls would be 
most beneficial1 and 

5. Evaluation of alternate locations of warehouse 
and terminal operations. 

The above analysis capabilities serve as desir
able primary goals of a highway and intermodal· man
agement information system because they act as basic 
inputs to a framework for highway policy and plan 
analysis, and because they aid in ongoing corporate 
distribution decision making. 

HIGHWAY NETWORK DESCRIPTION 

The Princeton highway network is a link-node data 
structure that is similar to the Princeton railroad 
network. It consists of 8,862 nodes and 14,796 
links. Node attributes include x,y coordinates 
(longitndP. and lat:itude equivalent.), place names and 
state, standard point location code, and intermodal 
ramp code (if applicable). Other geographic files 
relate highway nodes to counties, business economic 
areas, census zones, and zip codes. 

Table 1. Highway network node and link attributes. 

Item 

Node attribute 
Node number 
Coordinate location 
Name and state 
Standard point location code 
Intermodal ramp 

Link attribute 
A node 
B node 
Distance (tenth of miles) 
Route class (I, 2, 3, 4) 

Route designation 
Hazardous material restric

tion (yes/no) 

Figure 1. U.S. highway network. 

Example 

1257 
Latitude and longitude 
Princeton, New Jersey 
194537 
Princeton TOFC 

1257 
1263 
126 (12.6 miles) 
1 = toll facilities; 2 = Interstate, free; 3 = 
divided highway; 4 =undivided roadway 

1-95 
Yes 
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Figure 2. Highway network in vicinity of Mercer County, New Jersey . 

Figure 3. U.S. highway network divided by road type. 

UNITED STATES HIGHWAY SYSTEM 
INTERSTATES 

UNITED STATES HIGHWAY SYSTEM 
DIVIDED 

UNITED STATES HIGHWAY SYSTEM 
TOLL ROADS 

UNITED STATES HIGHWAY SYSTEM 
NON-DIVIDED 
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Link attributes include distance, hazardous mate
rial restriction, and route designation and type. 
Up to three route designations have been coded on 
each segment (i.e., Interstate, U.S. highway, and 
state highway). Four route types are coded, which 
include Interstates, toll roads, divided limited
access highways, and nondivided highways. Examples 
of node and link attributes are given in Table 1. 

A geographic depiction of the Princeton highway 
network for the entire United States is shown in 
Figure 1. A close-up of a section of the highway 
network near Princeton, New Jersey, is shown in 
Figure 2. The network has been coded to an inter
mediate level of detail. All Interstates and 
federal roads, most state roads, and a few country 
roads (but no residential roads) have been coded 
(see Figure 3). 

INTERMODAL NETWORK DESCRIPTION 

The link-node network is a combination of the high-

Figure 4. lntermodal rail portion of network. 

Figure 5. 1980 TOFC volumes from 1 percent waybill samples. 
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way network and the subset of the Princeton railroad 
network that actively served intermodal traffic in 
1980. This reduced railroad network contains 7, 436 
nodes and 8,406 links. Node and link attributes are 
the same as those for the entire railroad network, 
except that 1980 trailer-on-flatcar (TOFC) and con
tainer-on-flatcar (COFC) link volumes, 1980 TOFC and 
COFC ramp volumes, and a ramp location code are 
added. A total of 855 ramps are coded. These ramps 
had significant (more than 1 car/day) activity 
during 1980. The Princeton TOFC rail network is 
shown in Figure 4. 

The TOFC ramp volumes for 1980 are shown in 
Figure 5. The area of the pies are proportional to 
the total carload volume of intermodal traffic in
terchanged between highway and rail at each loca
ti~n. The open slice is the highway-to-railway 
interchange volume, and the dark slice is the 
railway-to-highway volume. 

The ramp volumes are not an accurate reflection 
of the rail origin and destination volumes of inter
modal traffic because of the phenomenon of rubber 
interchange. This phenomenon principally occurs in 
Chicago and St. Louis, where intermodal traffic 
interchanged between railroads is achieved by off
loading the trailer from the flatcar, transferring 
of the trailer across town on highways to the other 
railroad's facility, and loading the trailer back 
onto a flatcar. Such movements are generally trans
acted by using individual waybills. As such they 
appear as double-counted rail movement rather than a 
single inter-railroad movement. Thus the activity 
represented in Figure 5 is only the rail-highway 
interchange activity and an overestimate of the 
amount of traffic that has rail originations or 
terminations in Chicago and St. Louis. 

The Princeton intermodal network, which includes 
highway (without Interstate links), rail, and ramp 
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elements, is shown in Figure 6 in the quanta-net 
perspective <2>· This view easily distinguishes the 
highway network (bottom plane) from the TOFC network 
(top plane). Also shown (by means of vertical 
lines) are the locations of intermodal ramp fa
cilities. These vertical links permit traffic to be 
interchanged from the highway to the railway network 
and vice versa. With regard to network analysis, 
they represent the unit ,cost of transferring equip
ment from highway to rail. These costs can differ 
by ramp location due to varied operating practices 
and available equipment. The total intermodal net
work consists of 24,058 links and 16,298 nodes. 

ROUTING MODEL 

Routing of traffic on the Princeton highway or in
termodal network is accomplished by using a 
minimum-cost, unconstrained, path-finding algo
rithm. It is the same algorithm that is used in the 
PRNM, except that it operates on highway or inter
modal network data instead of railway network data 
(6). The routing algorithm accepts various cost 
functions for highway, rail, and ramp elements. The 
model contains a default cost function that is based 
on user-specified mileage rates for highway and rail 
portions as well as for rail form A type <.2> ramp 
charges. Compensation is made for toll roads and 
divided and nondivided highways. Capabilities exist 
for the user to modify the link cost data or 

Figure 6. Ouanta·net representation of intermodal network. 

Figure 7. Optimal intermodal routings from Princeton. 
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respecify the cost model, subject only to data 
availability and that the cost of a route is the 
linear sum of the cost to traverse each segment of 
that route. 

several examples of minimum-cost routes out of 
Princeton are shown in Figure 7. Note that the 
total distance to each destination is shown: al
though the routes are minimum cost, they are rarely 
minimum distance. The data in this figure indicate 
that the destinations of Scranton, Pennsylvania, and 
Boston are best reached by highway-only routes: 
however, the Philadelphia intermodal facility cap
tures the rail portion of the best routes to other 
locations. 

All of the destinations served by the Los Angeles 
TOFC ramp for intermodal traffic originating in 
Princeton are shown in Figure 8. The data in this 
figure reveal the market area served by the Los 
Angeles ramp vis-a-vis other (California) ramps for 
traffic from and to Princeton (and probably most 
points east of the Rocky Mountains). [Although 
Princeton does not generate much (if any) traffic, 
it has been used as an example. Any other city can 
also be analyzed interactively.] 

EDITING AND GRAPHIC FUNCTIONS 

The highway network model includes all of the net
work editing and display capabilities that have been 
developed for the PRNM. The figures used in this 
paper are examples of the various graphic capa
bilities of the model. Because the model operates 
in an interactive computer environment by using APL 
as the programming language, its editing utilities 
allow the user to easily correct or alter the net
work link and node data. These capabilities greatly 
simplify the mechanics of doing variational analyses. 

HIGHWAY TRAFFIC FLOWS 

In order to use the highway network for analysis 
purposes the highway portion of the 1977 Census of 
Transportation (2) was geocoded (i.e., encoded with 
highway network ;ode numbers in place of the origins 
and destinations of metropolitan areas). A standard 
traffic assignment procedure was followed to ac
cumulate traffic volumes of chemicals [standard 
transportation commodity code 28 (STCC28) J over the 
best highway routes between metropolitan areas. The 

HIGHWAY 
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Figure 8. Optimal routings from Princeton to the highway nodes of Los Angeles (using the TOFC ramp). 

HIGHWAY 
RAIL 

Figure 9. 1980 carload volumes for intermodal traffic (TOFC, COFC, and com
binations). 

2. The New Jersey Turnpike is the most heavily 
traveled route for chemical traffic. 

~ 160000 
- 1 

resulting traffic densities were plotted (see Figure 
9). 

Figure 9 is believed to 
computer-generated U.S. highway 
map. The information on the 
following items: 

be the first 
traffic density 

map reveals the 

1. The relative density of chemical traffic by 
direction over the U.S. highway system. 

3. The next most heavily traveled highway cor
ridor is the I-80 route across Pennsylvania [i.e., 
800,000 net tons/year or about 40,000 trucks/year 
(an average of 150 trucks/day) travel on I-80]. 

4. The largest corridors are east-west between 
the Boston, New York, and Philadelphia areas to and 
from St. Louis and Chicago. 

5. The Texas and Louisiana route to the northeast 
diagonal route is the next largest corridor. 

6. Large westbound movements exist to the Los 
Angeles Basin and north and south between San Fran
cisco and Los Angeles. 

7. The rest of the highways in the United States 
serve relatively little chemical traffic. 

A similar analysis can be performed for other 
commodities by using the Census of Transportation 
data. Other truck data bases can also be used. 

ANALYSIS OF 1980 INTERMODAL TRAFFIC 

Because no ultimate origin and ultimate destination 
intermodal traffic data base has been available, it 
is not yet possible to prepare intermodal traffic 
density charts that display the highway and rail 
portions. Nevertheless, the 1980 one percent way
bill sample does describe the rail portion of inter
modal traffic on a ramp-to-ramp basis. The data are 
coded on a carload (not trailer or container) basis 
and are specific as to plan and whether the flatcar 
carried trailers (TOFC), containers (COFC), or a 
combination (trailers and containers). These data 
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figure 10. 1980 TOFC volumes. 

~00.000 

~ 

Figure 11. 1980 COFC volumes. 

were routed and accumulated (i.e., assigned) to the 
rail pqrtion of the intermodal network. 

The 1980 intermodal rail traffic indicated defi
nite and distinct patterns. The traffic consists of 
TOFC traffic, COFC traffic, and traffic that mixes 
TOFC and COFC on the same car. The rail carload 
volumes of intermodal traffic are shown in Figure 
9. TOFC makes up the majority of the traffic. 

The rail carload volumes of TOFC traffic are 
shown in Figure 10. TOFC traffic volumes reveal 
major flows between southern California and Chi
cago. The Santa Fe Railroad handles the majority of 
this traffic, and the Union Pacific (UP) and South
ern Pacific railroads also handle substantial traf
fic. Large volumes travel between Chicago and 
Boston and Newark and Elizabeth, New Jersey, over 
Consolidated Rail Corporation (Conrail) lines. Each 
of these major volume flows is well balanced direc
tionally, i.e., the eastbound flow is comparable to 
the westbound flow. 

Substantial volumes are shown moving south into 
Florida over the Family Lines System (FLS) and 
Southern Railway, and a large portion is taken to 
Ft. Lauderdale and Miami by Florida East Coast Rail
road (FEC). Noticeable traffic volumes move between 
the Pacific Northwest and Chicago on the Burlington 
Northern (BN) or the UP, There is also a ~ub-
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Figure 12. 1980 TOFC and COFC volumes combined. 

stantial flow of traffic between Texas and Chicago, 
where the Missouri Pacific Lines (MP) handle a large 
portion of the traffic. 

The 1980 rail carload volumes of COFC traffic are 
shown in Figure 11. COFC traffic patterns demon
strate that containerized ocean freight is tran
shipped at ports to rail. The largest volumes were 
shown to be on Conrail to Port Elizabeth, New 
Jersey. Large volumes are shown to travel from 
Oakland and Los Angeles to the East through Chicago 
and to the Gulf ports of Galveston and New Orleans. 
Santa Fe and SP handle the majority of the traffic, 
and UP also carries substantial amounts• BN handles 
the majority of traffic between the Pacific 
Northwest and the East, and UP handles the 
remainder. Illinois Central Gulf (ICG) carries 
substantial traffic between New Orleans and various 
points north. 

The combined TOFC and COFC traffic patterns were 
similar to those of the other two categories. Some 
differences were apparent in the balance of the 
flow. There was noticeably more traffic westbound 
to the West Coast on the BN, SP, and Santa Fe. The 
1980 carload volumes of the combined TOFC and COFC 
traffic are shown in Figure 12. 

SUMMARY 

The first elements of a nationwide analysis of high
way freight and intermodal (highway-rail) movement 
has been presented, and a newly available link-node 
network representation of the U.S. highway system 
and intermodal facilities has been used. The moti
vation for developing an analytical framework for 
quantifying u.s. highway freight issues was pre
sented. The highway network was described, and how 
it has been integrated with the railway network has 
been discussed. 

Examples of the use of the network model in 
generating minimum-cost highway and intermodal 
routes was presented. The highway routing capa
bility was used to assign chemical traffic (STCC28) 
from the 1977 Census of Transportation ( 2) to the 
highway network, and the resulting traffic -densities 
were described. Another analysis of the rail 
portion of highway-rail intermodal traffic was also 
presented. Nationwide statistics were displayed and 
described. 

These analyses serve as examples of the value of 
the highway and intermodal network analysis capa
bilities. Their integration into a graphic infor
mation system provides capabilities for under-
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standing distribution patterns and doing highwav
freight-oriented strategic and policy studies. 
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lntermodal Freight Transfer Facilities in California 

NOREEN ROBERTS AND WILLIAM FELTS 

The increase in international trade through California ports is creating trans· 
portation problems in the urbanized regions adjacent to these ports. Most 
intermodal freight transfer facilities are being planned or constructed as part 
of seaport expansion due to this increase in trade. Although these transfer 
facilities may alleviate some problems on the transportation system, they 
may also exacerbate others. Any modal shifts from truck to rail that result 
from the relocation of transfer facilities in closer proximity to the ports 
must be viewed in the context of the overall increase in rail traffic. The pro
jected increase in container cargo and coal and grain exports equates to sig
nificantly higher volumes of rail traffic through highly urbanized areas. Al· 
though modal shifts may benefit highway truck traffic, increases in rail traf
fic could create severe problems, particularly at grade crossings' in the Los 
Angeles area. The focus of this paper is on the role of the state, specifically 
the California Department of Transportation, in port access planning. The 
role of the state is reexamined in the light of increases in international 
trade through California's ports and the impact of these increases on the 
transportation systems that provide access to the ports. In addition, pro· 
posed intermodal freight transfer facilities are examined to determine if such 
facilities will have a significant effect on the problems associated with in· 
creased port traffic. 

Intermodal freight transfer facilities in California 
play a key role in the efficient transportation of 
commodities. Most of the major new intermodal 
transfer facilities are being planned or constructed 
as a part of seaport expansion. This expansion is 
due, in large part, to increasing international 
trade through West Coast ports. The increased ac
tivity at the major seaports in California has had, 
and will continue to have, a significant impact on 
the transportation systems that . provide access to 
the port complexes. 

The focus of this paper is on the role of the 
state, specifically the California Department of 
Transportation (Cal trans) , in port access planning. 
The role of the state is reexamined in the light of 
increases in international trade through Cali
fornia's ports and the impact of these increases on 
the transportation systems that provide access to 
the ports. In addition, proposed intermodal freiqht 
transfer facilities are examined to determined if 
such facilities will have a significant effect on 
the problems associated with increased port traffic. 

CALTRANS' ROLE IN PORT ACCESS PLANNING 

Caltrans is a multimodal transportation agency con
cerned with developing and maintaining a balanced, 

environmentally sound, and efficient transportation 
system within the state. This perspective should 
extend to intermodal freight am] port-rt!lat"'u trans
portation facilities and issues. 

The rapid growth of international trade through 
California ports suggests that the Department should 
expand its capability for port transportation plan
ning. In the past goods movement through California 
ports has increased at a manageable pace. However, 
if the anticipated increases in certain commodities 
occur, port development during the 1980s may result 
in significant impacts to the highway and other 
transportation systems in the state. By emphasizing 
port transportation planning, such impacts may be 
mitigated and goods movement may be facilitated. 

Historically, California has not placed a high 
degree of state involvement in port activity. Most 
ports are quasi-public entities, and some are partly 
funded through taxation. However, unlike certain 
other states, there is no state authority over port 
development and operations. 

Transportation planning has not been conducted on 
a port-specific basis. Port access facilities are 
analyzed en much the same basis as all ether depart-
mental projects. The state's role in port trans
portation planning should be developed on the prem
ise that there are characteristics of port access 
that require a special planning approach. 

Due to the multimodal aspects of port access fa
cilities and the multiplicity of jurisdictions in
volved along the corridors through which facilities 
pass, planning and coordination at both the regional 
and state level is appropriate. However, in the 
absence of a constituency, much less a mandate, for 
such a state role, planning activities have been 
limited. Other priorities place higher claims on 
available state resources. 

As a result, current Department responsibility in 
port planning focuses primarily on transportation 
impacts associated with port activity. This respon
sibility is carried out by (a) actions that imple
ment Department policy, (b) the environmental review 
process, and (c) policy analysis and recommendation. 

-
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Department Policy· 

The Department recognizes the importance of Cali
fornia's ports to the economy and the need to deal 
with groundside transportation problems related to 
their operat'ions. It is Caltrans' policy to encour
age and facilitate the efficient movement of goods 
through California ports in a manner that mitiqates 
port-related impacts. This policy is implemented by 
the following actions: 

1. 
terms 

Port 
of 

policies: 

issues are 
departmental 

monitored and analyzed in 
programs, projects, and 

2. Measures are developed to reduce congestion 
on port access roads: 

3. The development of intermodal freight 
transfer facilities are encouraged where appropriatei 

4. Means of reducing conflicts between trans
portation modes in port areas are studied. 

5. Means of producing modal shifts in goods 
movement that benefit the state's transportation 
system are encouraged: 

6. Intermodal projects are recommended for FRA 
funding when appropriate: 

7. Port access studies are conducted under FHWA 
Highway Planning and Research funding: and 

8. Actions are coordinated with ports and other 
public agencies to facilitate efficient goods move
ment and reduce transportation conflicts and 
adverse environmental impacts. 

Environmental Review Process 

Many port developments are subject to the environ
mental impact report (EIR) requirements of the Cali
fornia Environmental Quality Act. The Department 
reviews these port project EIRs. Reviews normally 
concentrate on the effect that the project will have 
on state transportation facilities, but the reviews 
may also include community and other trans
portation-related impacts. Both the main office and 
the districts participate in the review and comment 
process. 

Po.licy Analysis a nd Recommendation 

The Department currently gathers and organizes in
formation relating to ports. Such information is 
collected from port industry journals and other lit
erature sources. Department personnel also attend 
port and international trade conferences. 

A port inventory document has been developed that 
lists port characteristics, including capacity, ton
nage, commodity types, vessel sizes, channel depths, 
and related information. 

such information is used in the analysis of port 
issues and to formulate policy recommendations. The 
increased interest in port goods movement and its 
relation to highway and rail facility planning have 
resulted in a greater emphasis on this aspect of 
transportation planning. Specific analyses include 
highway needs for port areas, highway-rail con
flicts, international goods movement trends, and 
port user fee proposals. 

The results of these analyses, which are sum
marized in this paper, suggest that a stronger state 
role is needed in planning and coordinating port 
activities. 

BACKGROUND: INCREASED WEST COAST PORT ACTIVITY 

Although the total volume of international trade 
through California ports has risen steadily over the 
past decade, significant increases have been re
corded for containerized cargo, coal, and grain. 
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During the first 6 months of 1980, California's 
three custom districts (Los Angeles, San Francisco, 
and San Diego) accounted for 12 percent of the total 
international trade in the United States and 60 per
cent of that on the West Coast. The major exports 
include agricultural products, machinery, elec
tronics, and transportation equipment. Leading im
ports consist of automobiles, electrical machinery, 
oil, and natural gas. California's leading trade 
partners are Japan, Indonesia, Taiwan, South Korea, 
West Germany, and the United Kingdom. 

The Los Angeles Customs District, which includes 
the ports of Los Angeles and Long Beach, is the 
third largest district in the United States in terms 
of value of international trade. In the first half 
of 1981 it acco~nted for 62 percent of California's 
total trade with a value of $18.7 billion (!)· 

Containeri ze d Ca rgo 

Containerization of cargo has become an important 
means of transporting commodities and is virtually 
supplanting break bulk handling. Containerization 
is a capital-intensive rather than labor-intensive 
transport method. Goods are shipped intermodally in 
20- or 40-ft metal containers, thereby significantly 
reducing transfer time, handling costs, pilferage, 
and damage. 

In addition to the efficiencies that make con
tainerization popular, its use is increasing because 
it is often a more economical and reliable alter
native to all-water movement of goods through the 
Panama Canal. Under this alternative, known as 
bridge service, containers use vessel and rail or 
truck modes to move across the United States or to 
inland U.S. destinations. 

The combined effects of container transport ef
ficiency and the bridge service alternative account 
for the dramatic increase in container movements 
through U.S. ports. The world fleet of containers 
rose from approximately 300, 000 twenty-foot equiva
lent units (TEUs) in 1971 to about 3,000,000 in 
1981. In 1980, approximately 2, 800, 000 containers 
(and trailers) were moved through the U.S. bridge 
system (~). 

Between 1972 and 1980 the number of containers 
moving on the bridge system through the ports of Los 
Angeles and Long Beach increased by 1, 150 percent. 
The combined monthly volume of containers through 
these ports rose from 2,000 TEUs in 1976 to nearly 
25, 000 TEUs in 1980. The two ports estimate their 
combined annual volume of bridge traffic will sur
pass 500,000 TEUs in 1984 and 1,000,000 TEUs in 1990 
(3). In the San Francisco Bay area, the Port of 
o°ikland, which specializes in container shipping, 
reported an annual volume of 734,000 TEUs in 1979. 
Eighty-five percent of the vessels calling at this 
port were container ships (~) • 

Intermodal Container Transfer Facilities 

Los Angeles and Long Beach 

The ports of Los Angeles and Long Beach have pro
posed the construction of an intermodal container 
transfer facility (ICTF) at a location approximately 
5 miles from their port terminals. The intermodal 
container transfer operations are currently con
ducted at rail yards in downtown Los Angeles, some 
20 miles from the terminals. Depending on the spe
cific routes,. trucks that provide service between 
the rail yards and the terminals use portions of 
various state facilities, including State Routes 1, 
5, 7, 10, 47, 91, 110, and 405, in addition to local 
streets. Many of these highways are already heavily 
congested during peak travel periods. 
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Both ports will share in the funding of the proj
ect's estimated $130 million cost. The Southern 
Pacific Railroad will also participate in the fund
ing and will be the only railroad to use the fa
cility. The Union Pacific and Santa Fe railroads, 
which also serve the ports, will continue to use 
their downtown raii yards. Approximately 54 percent 
of all rail container traffic in the port area is 
handled by Southern Pacific, and almost 35 percent 
of all international containers that pass through 
the ports is bridge traffic. Accordingly, the ICTF 
will handle about 18 percent of the ports' container 
traffic. The number of containers handled by the 
ICTF is projected to be 136, 900 TEUs in. 1985 and 
315,000 TEUs in 1990. The capacity of the ICTF will 
be increased in three phases to· accommodate pre
dicted demand. The first phase is to begin in 1983-
1984 and the third phase in 1996. 

San Francisco Bay Area 

The need for improved intermodal facilities is be
coming apparent in the San Francisco Bay area. This 
need has been analyzed by the Metropolitan Trans
portation Commission and the Bay Conservation and 
Development Commission and is addressed in their 
seaport plan. 

The majority of future terminal developments 
planned for Bay area ports will serve container car
goes. Approximately 14 new container berths are 
planned for Bay area ports during the 1980s. Cur
rently 25 percent of the region's nonlocal container 
cargo is moved by rail. Most of these intermodal 
shipments require truck transfers of containers be
tween port terminals and rail yards. Several of the 
planned Bay area development proposals are designed 
to improve rail access to container terminals and 
reduce truck transfer distances. 

Coal and Grain Movements 

Although there is substantial disagreement among 
forecasters regarding future export levels, coal and 
grain shipments from west Coast ports are expected 
to increase significantly. Historically, coal ship
ments from western U.S. ports have been minimal, but 
demand by Pacific Rim nations may soon produce sub
stantial coal export tonnages as these nations shift 
from oil to coal for certain uses and seek to di
versify their energy sources. 

In southern California the ports of Los Angeles 
and Long Beach are expanding their existing fa
cilities and proposing new ones. In northern Cali
fornia the ports of Richmond, Redwood City, Sacra
mento, and Stockton also are studying new coal 
export terminal projects. A total of 19 West Coast 
port areas are being analyzed as potential coal ter
minals <1>· Although many ports have plans for coal 
export facilities, it is expected that foreign de
mand will warrant only 2 or 3 major West Coast 
facilities. 

Export levels of grain from west Coast ports are 
projected to rise during the 1980s, although these 
levels are not expected to increase as rapidly as 
coal. Exports of u.s. grain rose by 150 percent be
tween 1970 and 1979. Although year-to-year export 
levels vary because of changes in harvest volumes, 
exchange rates, and other variables, they are 
expected to increase steadily over the long term. 
Currently, no California port has proposed con
struction of a major new grain export facility (6), 

Rising levels of coal and grain exports -from 
California will generate increased rail traffic 
through the urbanized regions adjacent to the 
ports, When added to the increased container rail 
traffic from development of intermodal facilities 
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near port terminals, the combined effect may be sig
nificant. Many of the transportation impacts as
sociated with gr~ater port activity will be rail 
rather than truck related. 

IMPACTS OF INCREASED PORT ACTIVITY 
IN THE LOS ANGELES REGION 

The forecasted increases in international trade, es
pecially that related to containerized cargo, coal, 
and grain, will have significant impacts on the 
transportation systems that provide access to Cali
fornia ports. In addition to these transportation 
impacts, higher levels of port act ivity will also 
result in environmental, economic, and energy im
pacts to port regions. 

The Los Angeles region adjacent to the major 
ports of Los Angeles and Long Beach was chosen to 
illustrate the impacts that increased international 
trade through these ports will have on the trans
portation systems in this highly urbanized region. · 
The implementation of plans to construct an ICTF 
provides the opportunity to evaluate the trans
portation, environmental, economic, and energy im
pacts of such a facility. 

The increase in port activity will affect 'the 
transportation network in the region around the 
ports of Los Angeles and Long Beach. These effects 
will be somewhat more complicated than those on many 
other regions because of the interrelated nature of 
the multimodal port access network. 

Highway Impacts 

A significant percentage of all goods moving through 
the ports of Los Angeles and Long Beach are trans
ported by nonhighway modes. Liquid petroleum prod
ucts, which constitute approximately 50 percent of 
the ports' cargo tonnage, are transported primarily 
by pipeline~ Many bulk goods, including the growth 
commodities (coal and grain), are delivered by rail 
directly to terminals. In addition, the proposed 
ICTF will reduce container truck transport to some 
degree. Nevertheless, the truck mode remains an im
portant factor in port freight movement. 

The proposed ICTF will result in a 90 percent re
duction in container truck miles traveled for ap
proximately 18 percent of the container trucks mov
ing through the ports of Los Angeles and Long 
Beach. Virtually all trucks that serve the ICTF 
will use the Terminal Island Freeway (SR-47). If 
non-ICTF traffic levels on this highway remain un
changed, total traffic on the facility will increase. 

Container truck traffic on port access highways 
is expected to increase even if the ICTF is con
structed. As indicated previously, the state fa
cilities subject to increased container traffic in
clude State Routes 1, 5, 7, 10, 47, 91, 101, 110, 
and 405. Many of these highways are already heavily 
congested during peak travel periods. 

Despite the ICTF, approximately 82 percent of 
port containers will still be transported on high
ways, including those that connect the ports with 
the downtown rail yards. Because the total number 
of container TEUs through both ports is predicted to 
increase from 1.2 million in 1982 to 3.1 million in 
1990, highway impacts could be significant, In ad
dition, should non-ICTF trucks be restricted from 
using the section of SR-47 between the ports and the 
ICTF, they would then travel on segments of SR-7 and 
SR-110. In any case, the annual number of non
ICTF-routed container TEUs moved on port access 
highways is expected to increase by 133 percent, 
from 1.2 million in 1981 to 2.8 million by 1990. 
Considering the existing traffic levels on some por
tions of these highways, especially SR-7 and SR-405, 
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peak-hour traffic problems in this region may well 
be exacerbated by future container truck traffic 
alone. 

In addition to container traffic, other truck 
movements through the ports of Los Angeles and Long 
Beach may well increase during the 1980s. Total 
volumes may vary yearly, but long-term average in
creases in both commodity and port support trucks 
are expected. 

Rail I mpacts 

Increased movements of coal and grain plus the oper
ation of the ICTF will generate substantial rail 
impacts to the transportation network around the 
ports. Highway-rail conflicts at highway grade 
crossings are one important impact; mass transit, 
environmental, and energy impacts also need to be 
considered. 

Highway-Rail Crossing Impacts 

The transportation network around the port reg ion 
contains numerous crossings of rail lines and road
ways. Between the port terminals and its downtown 
rail yard, Southern Pacific's San Pedro line en
counters 90 crossings, 82 of which are at-grade1 be
tween the rail yard and the site of the proposed 
ICTF, the San Pedro line has 78 crossings, 70 of 
which are at-grade. The Union Pacific's line con
tains 78 crossings between its rail yard and the 
port terminals, with 60 of them at-grade. The Santa 
Fe line contains 110 crossings between its downtown 
yard and the terminals, 94 of which are at-grade. 
Except for the San Pedro line crossing at SR-1, all 
state facilities are grade separated. 

The specific types of protective devices vary 
among the at-grade crossings. Gate devices, which 
provide physical barriers for vehicular traffic, are 
installed on 100 of the 236 crossings. The Santa Fe 
line has 81 gated crossings (86 percent) on its at
grade facilities. union Pacific has 14 (23 percent) 
gated crossings, and Southern Pacific has 6 (7 per
cent). All other at-grade crossings are protected 
only by visual and audible signals such as swinging 
signs (wig wags), flashing lights, signs, or com
binations of these devices. 

Highway traffic volumes vary widely on facilities 
with at-grade crossings. Six highways have average 
daily traffic (ADT) volumes of more than 30,000; 22 
have daily volumes between 20,000 and 30,000; and 39 
have volumes between 10, 000 and 20, 000. The 
at-grade crossing on SR-1 has an average daily vol
ume of 35,000 vehicles. Rail volume varies also, 
but accurate counts are not readily available (7) • 

The large number of grade crossings indicates 
that increased rail movements, especially long slow 
coal trains, may result in longer traffic delays, 
greater use of state highways with grade-separated 
crossings, more problems with emergency vehicle re
sponse times, and greater accident potentials, 

The California Public Utility Commission (PUC) 
establishes grade-separation project priority. The 
priority criteria emphasize safety over other fac
tors, such as emergency vehicle needs and fa
cilitation of traffic flows. Because grade
separation funding averages about $15 million 
annually, and projects often cost $4 and $5 million, 
few structures can be constructed. 

Traffic Delays 

Coal unit trains are usually composed of ap
proximately 100 cars. When moving at 20 mph, traf
fic will be subjected to a 3. 25-min delay at each 
nonseparated grade crossing. During this period au-
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tomobiles and trucks may back up to such an extent 
that additional traffic problems, such as blocked 
intersections, could develop. If such delays become 
routine, traffic on local facilities may shift to 
state highways that are grade separated and thus add 
to peak-hour congestion. 

Emergency Vehicles 

Additional rail movements through urban regions will 
increase the number of delays encountered by emer
gency vehicles. Emergency vehicle delays at rail 
crossings could mean increased loss of life due to 
longer response times. Emergency response organi
zations may be required to develop duplicate fa
cilities in order to avoid the grade-crossing 
problem. 

Accident Potential 

on a nationwide basis the accident rate at rail 
crossings has declined over the past two decades. 
This has been attributed to improved protection due 
to gates and other devices and from motorist edu
cation programs. The Southern Pacific and Union 
Pacific main lines that lead to the port terminals 
have a much lower percentage of gate-protection de
vices than the Santa Fe line. The large number of 
nongated crossings on the two lines, which are ex
pected to carry containers and coal in large vol
umes, is a potential safety issue. 

Mass Transit Project Impacts 

Increased freight rail traffic in the region around 
the ports of Los Angeles and Long Beach may com
plicate development of a proposed Los Angeles to 
Long Beach light rail transit project. One proposal 
for a light rail system between these cities rec
ommends use of Southern Pacific's Wilmington and 
East Long Beach branch lines. Increased port rail 
activity may require grade-separation structures 
where the lines used for light rail cross other main 
port freight rail lines. Grade-separation struc
tures will add significantly to the construction and 
maintenance costs of the light rail project and may 
also affect the completion date. 

Environmental Impac ts 

Noise 

Rail movements generate noise impacts that affect 
local communities. The impacts vary with distance, 
train lengths, speeds, frequencies, and time of 
day . Unit trains that move coal, grain, and con
tainers to the ports will travel at relatively slow 
speeds (15-25 mph) and contain between 50 and 100 
cars. If train movements are scheduled at night to 
minimize traffic impacts, noise impacts would prob
ably be more severe. Long, frequent trains trav
eling at high speeds during the night would have the 
most severe noise impacts. some noise ;impacts are 
unavoidable. For instance, the California PUC re
quires that train whistles be blown before each at
grade crossing. Noise impacts may be mitigated by 
routing train traffic along the lines that pass 
through fewer residential areas. 

Air Quality 

The higher volumes of coal and grain movements to 
the ports of Los Angeles and tong Beach will result 
in increased train-related air emissions, and the 
increase in container mov~ments will r e sult in 
higher levels of t ruck- related air emiss i o ns . Al-



72 

though operation of the ICTF should mitigate air 
quality impacts to some degree, rail-related emis
sions will increase. However, the net effect should 
be a reduction of certain pollutants (_!!) • 

Energy Consumption 

The increased transportation of coal and other com
modities to the ports of Los Angeles and Long Beach 
will result in higher levels of petroleum fuel con
sumption. However, operation of the ICTF may reduce 
fuel use associated with container traffic. Lo
cating an intermodal transfer facility closer to 
port terminals will take advantage of the greater 
fuel efficiency of the rail mode. The ICTF will re
duce truck mileage by about 19,500 miles/day. It is 
estim<!t:ed that the facility will be responsible for 
an overall reduction of 79 percent in truck fuel 
consumed in the movement of containers between the 
ports and the Southern Pacific's trains. 

Economic Impacts 

Locating the container transfer facility closer to 
port terminals will reduce truck transfer costs in 
addition to highway maintenance expenditures. It is 
estimated that the ICTF will reduce truck transfer 
costs from the current $110 to only $35/container. 

SUMMARY AND CONCLUSIONS 

Increased goods movement through California ports 
will affect the transportation facilities that pro
vide access to these ports. Many of the trans
portation impacts associated with the increased 
goods movement will be rail rather than highway re
lated, but highway facilities will be subjected to 
higher volumes of truck traffic due to increased 
container and general freight movements, and more 
serious highway-rail conflicts will develop. 

The landside transportation and environmental im
pacts associated with higher levels of activity at 
the ports of Los Angeles and Lonq Beach may be sig
nificant because they will affect highly urbanized 
areas and a complex and congested transportation 
network. Highway impacts include greater con
gestion, pavement damage, maintenance costs, safety 
problems, and facility . improvement requirements. 
Rail impacts include additional delay and accident 
problems at grade crossings. Future mass transit 
projects may also be affected by increased port ac
tivity. Environmental problems include air quality 
deterioration, increased energy consumption, in
creased noise, and other community impacts. 

The authority of the state and the Department 
over port activity is limited. There is no state 
agency that has overall responsibility for port de
velopment or operations. The Department's role is 
also limited, even though state facilities are di
rectly affected by port activity. 

The expected increases in goods movement through 
California ports and the concommitant transportation 
and other impacts will require a greater emphasis on 
port transportation planning by the Department. 
Port transportation planning can be improved by con
ceptua·lly focusing on port areas as trip generators, 
developing port expertise, improving coordination 
between the Department and local entities (including 
the ports), and supporting measures that facilitate 
the efficient movement of goods through the ports. 

Intermodal transfer facilities may alleviate some 
of the problems caused by an increase in container 

Transportation Research Record 920 

traffic through California ports by promoting a 
modal shift in the vicinity of the port. However, 
the benefits of this modal shift must be viewed in 
relation to the cumulative impacts of increases in 
container, coal, and grain rail traffic. The po
tential for major transportation impacts at grade 
crossings resulting from this increased rail traffic 
warrants particular concern. 

Federal, state, local, and private-sector funding 
for improved safety measures at these crossings is 
extremely limited, and the commitment of these re
sources is constrained by other priorities. Both 
the public and private sectors are not prepared and, 
to a certain extent, are precluded from making im
provements until such time as safety or delay prob
lems at grade crossings become an immediate and 
critical public or political issue. 

Increased port activity may therefore lead to a 
reconsideration of the roles that public and private 
agencies play in the planning and development of 
port access facilities. Existing organizational and 
funding arrangements may not be adequate under con
ditions of unprecedented levels of goods movement 
through highly urbanized port regions. However, if 
transportation planning is responsive to the 
changing situation in port regions, the benefits of 
international trade and modal shifts can be re
alized, and adverse transportation and other impacts 
can be mitigated. 
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Direct Costs of Maintaining a Regulatory Structure: 
A Case Study of One Canadian Jurisdiction 

FRANK R. WILSON AND JOHN R. BRANDER 

The majority of research completed in North America lias· ~n diJ'ected to 
the study and analysis of the cost of truck lnwrogul11tfon tefatiYe fo the rate 
structure. Little work has been completed 'lfl the o n aly'~ of thotdiroct 
cost of regulation as it relates to carriers, shippers, giivernment.'end regula
tory bodies. The results of a study of the direct costs of mlllntoinlno'-e regu
latory structure in the for-hire sector of the trucking industry are discussed. 
The province of New Brunswick, 1 of 10 Canadian jurisdictions, was used 
for the case study. The data obtained from a series of mailed questionnaires 
were used to analyze the direct costs incurred by carriers and shippers. In 
addition, their views regarding the regulatory process were studied. The 
primary focus was on the costs incurred in making application for a motor 
carrier license in the case study area. Personal interviews were conducted in 
an effort to quantify the direct cost associated with the Motor Carrier 
Board and related government agencies. The direct cost of maintaining 
the motor carrier regulatory process in the study area did not appear to be 
of significance to shippers and carriers that have secured operating rights. 
In addition, the provincial administrative process does not appear to impose 
a financial burden on general revenues. Carriers that responded to the sur
vey heavily favored continued regulation of the for-hire trucking industry. 
General freight and specific commodity carriers were also found to be in 
favor of ensuring that rates within the province of New Brunswick remain 
unregulated. 

During the past two decades considerable research 
has been devoted to the question of the costs im
posed o.n society by the regulation of transporta
tion. The majority of this research has focused on 
the question of the deadweight welfare losses asso
ciated with value-of-service pricing and the conse
quent misallocation of traffic among competing 
modes. Felton's research (1) is an exception to 
this practice. Felton' s work focused on the costs 
to the Interstate Commerce Commission arising from 
motor carrier regulation. 

By contrast, one aspect of the cost of regulation 
that has received comparatively little attention in 
the literature is the direct cost imposed on car
riers, shippers, and government agencies by the reg
ulatory processes. Such costs are real, and yet 
they are i')idden from the broader types of research 
initiatives suggested above. For example, with in
verse ela"futicity marginal cost pricing, the direct 
costs of regulation, which are insensitive to short
run changes in output, do _not form part of the 
charged rates. Thus they are excluded from esti
mates of the costs of regulation. 

These direct costs must be estimated separately, 
and one approach to that estimation is the subject 
of this paper. A case study approach to the. problem 
has been adopted by focusing on a single Canadian 
jurisdiction--the province of New Brunswick. Never
theless, with appropriate adjustments to account for 
institutional differences, the research methodology 
developed can be adapted without difficulty to any 
other jurisdiction. 

In order to estimate the tcital costs of regula
tion to society, these direct costs must be incorpo
rated into the other analyses. The total social 
costs of regulation would then be the sum of the 
deadweight welfare lossesi the costs of the regula
tory agencyi and the direct costs of regulation to 
carriers, shippers, and other government agencies. 
Only the direct costs of regulation are addressed in 
this paper. 

REGULATORY AGENCY 

Motor carrier regulation in the province of New 
Brunswick is carried out by the New Brunswick Motor 
Carrier Board. ' I_n both intrapro\l'incial and extra
provincial tri;ieklng, regulation is limited to the 
control of en-try into the industry. Al though statu
tory authority'does exist to permit the Motor Car
rier Board to · iiifluence the rates charged by for
hire truckers, this power is not used. In practice, 
rates need only be filed with the Motor Carrier 
Board. 

The entry process is initiated by the application 
of the potential entrant, who is required to give 
formal notice of his intentions to the public. This 
requirement is met by publishing a notice in the 
Royal Gazette. Publication must be made in two suc
cessive issues at least 21 days before a hearing. 
The hearing of all applications for operating au
thority, with the exception of those for furniture 
licenses where there are no objectors, is obliga
tory. The Board is not empowered to waive a hearing 
in any other instance. The hearings are quasi
judicial in nature. 

The activities of the New Brunswick Motor Carrier 
Board for the study period are given in Table 1. 
The data reveal that the ratio of applications 
granted to applications made increased from 71 to 81 
percent over the 3-year period. During this period 
there was only a modest increase in the number of 
objections filed. Based on this information, it 
appears that the entry control process in the study 
area is not greatly restrictive. 

Hearings at which there are no objectors are in
formal in character. This is not the case where 
there are objectors. The issues addressed are the 
same as found elsewhere: service of existing car
riers, extent of the market, and the financial 
ability of the potential entrant. From statements 
given to the Law Reform Commission, apparently 
larger firms tend to object "only if the application 
poses a definite threat. On the other hand, other 
firms may appear regularly with the intent of im
pressing on the Board the limited market" (2, p. 
34). The Law Reform Commission views the role of 

• Table 1. Summery of Motor Carrier Boa.rd actMties for selected fiscal years. 

Activity 

Applications for new operating 
_authority 

Applications opposed 
Applications granted 
Other dispositions• 
Temporary operating authorities 

granted 

No. of Cases by Fiscal Year 

1977-1978 

214 

72 
154 
60 

2,070 

1978-1979 

230 

79 
179 

51 
2,115 

1979-1980 

241 

86 
195 
46 

1,880 

Notes: Data a_re from annual reports of the New Brunswick Motor Carrier Board for 
various years. 

The ratios for applications granted per applicatfon received are as follows: 
1977-1978 = 71percent,1978-1979 = 79 percent, and 1979-1980 = 81 percent. 

aOther disposHions include denied, withdrawn, or set over to a later date. 
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the objector as extremely important in proceedinqs. 
It is of the opinion that "as the Board requires 
only limited filings and as the Board relies pri
marily on the evidence presented during the hearing, 
the objectors raise relevant arguments concerning 
the carrier's financial status, capacity and the 
necessity for the service• (2, p. 34). 

Decisions of the Board - appear to be rendered 
quickly. In most instances the decision is rendered 
either at the hearing where the application is pre
sented or at the next Board meeting. 

The purpose of this paper is to estimate the 
direct costs associated with the regulation of entry 
into the New Brunswick for-hire trucking industry. 
Only the general freight and specific carriers are 
considered in the analysis. Carriers of furniture 
are excluded. 

RESEARCH METHODOLOGY 

After a review of the literature on the subject re
vealed that little research on the specific topic 
had been completed, it was dee ided to adopt a case 
study approach to the problem. New Brunswick was 
selected as the study jurisdiction, and information 
concerning the regulatory activity of carriers and 
shippers was compiled for the period 1977-1978 
through 1979-1980. Following the development of the 
survey methodology, a questionnaire was designed and 
pretested to ensure that the necessary information 
was available and could be collected with an accept
able level of reliability. The data were then col
lected, processed, and analyzed. 

Survey Development 

After discussions with both industry representatives 
and government authorities, it was determined that 
attention should be focused on four groups. The 
first was the for-hire truckers. Both private 
trucking and carriers of exempt commodities were 
excluded from the analysis. This decision was based 
on the fact that, because neither group requires 
operating authority, they are therefore not involved 
in the regulatory process. Shippers domiciled in 
the province of New Brunswick were also included in 
the analysis, as this group has a record of appear
ing before the Board on their own initiative. Con
sumer groups, however, were excluded, because they 
have not played a role (to date) in the regulatory 
process in the study area. The other groups in
cluded in the survey were the Motor Carrier Board 
and the Policy Division of the New Brunswick Depart
ment of Transportation. This latter division was 
included because it p rovides services to the Board 
and therefore incurs direct costs as a consequence 
of the existence of the regulatory process. 

Questionnaire Desiqn 

Because of resource limitations the research was 
carried out through a mail questionnaire that solic
ited details of the various costs incurred by firms 
in connection with their appearances before the New 
Brunswick Motor Carrier Board. The initial ques
tionnaires were pretested on a sample of shippers 
and carriers and then revised with the assistance of 
experienced staff of the carrier and shipper aqen
cies. The revised questionnaires were then distrib
uted to a sample of shippers and carriers. 

Sample Size and Response 

The shipper sample was drawn from the firms listed 
in the New Brunswick Manufacturers and Products Di
rectory <1>. Only firms that had 50 or more em-
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ployees were included in the sample because past 
records indicated that smaller firms would have not 
had any dealings with the Motor Carrier Board. 
Questionnaires were sent to 183 firms drawn from 
this list. Of these, 18 percent were returned--a 
return ratio generally regarded as acceptable for 
this type of survev. 

The carrier sample was based on information con
tained in the Atlantic Provinces Transportation 
Directory ( 4). This directory contains a complete 
listing of-licenses issued by the motor carrier 
boards of the four Atlantic Provinces. In addition, 
it provides a complete listing of licenses by prov
ince broken down into general freight car riers and 
specific commodity carriers. All carriers of both 
types holding a license from the New Brunswick Motor 
Carrier Board were sampled. In total, 321 question
naires were mailed to for-hire carriers. In both 
cases the return ratio was within the acceptable 
range based on the 100 percent sample population. 

Data Processing and Analysis 

Detailed analysis on the responses focused primarily 
on the direct costs of the regulatory process. 
Shipper and carrier views of the regulatory process 
were also considered. 

It appears that the sample size and investigative 
technique were adequate. Both shipper and carrier 
responses were representative of those two groups. 

DIRECT COSTS OF NEW BRUNSWICK MOTOR CARRIER 
REGULATION 

The results of the analysis of the direct costs of 
motor carrier regulation in the province of New 
Brunswick are presented in this section. The focus 
is on the most costly aspect of the regulatory pro
cess, i.e., the direct costs incurred by the car
riers themselves. The costs of seeking new operat
ing authority and objecting to the grants of such 
authority are considered separately. Data are also 
presented separately for general freight carriers 
and specific commodity carriers. Attention is 
focused on the costs incurred by shippers in the 
regulatory process in those instances where they 
appear on their own initiative. Shipper costs, 
where they appear in the role of carrier witnesses, 
are included in carrier costs. Next, the direct 
costs incurred by the government in connection with 
motor carrier regulation are considered. Finally, 
the total costs of all participants are totaled. 

Direct Requlatory Costs to Motor Carriers 

The initial step in estimating the direct regulatory 
costs to motor carriers was to focus on the number 
of appearances before the Motor Carrier Board. Data 
on appearances for the study period are given in 
Table 2 and broken down by type of appearance and 
type of carrier. 

The data in Table 2 indicate that specific com
modity carriers accounted for the largest number of 
applications during the study period. These appli
cations were ·for new operating authority and ac
counted for more than 80 percent of the applications 
in the 3-year period. By contrast, general freight 
carriers sought new operating authorities infre
quently. The roles are reversed when oppositions to 
new licenses are involved. On balance, it appears 
that general freight carriers account for more than 
three-quarters of the objections to new licenses. 
Specific commodity carriers objected infrequently. 
Such a result is to be expected intuitively, because 
any grant of specific commodity authority would have 
adverse impacts on the qeneral freight carriers. 
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Table 2. Carrier appearances before the Motor Carrier Board. 

No. of Carrier Appearances by Year 

Carrier Type 1977-1978 1978-1979 1979-1980 

Applications for new operating 
authority 

General freight 6 7 7 
Specific commodity 184 193 210 
Furniture carriers 24 ..1.Q. -1± 
Total 214 230 241 

Oppositions to new operating 
authority 

General freight 206 257 265 
Specific commodity 27 20 26 
Furniture carriers 54 ....1Q. _51_ 

Total• 288 316 344 

Note: Data are from annual reports and other sources of the New Brunswkk Motor 
Carrier Board. 

3 Columns may not add to total because of rounding. 

Table 3. Direct carrier costs of New Brunswick motor carrier regulation. 

Direct Carrier Costs($) by Year 

Carrier Type 1977-1978 1978-1979 1979-1980 

General freight carriers 
Seeking authority 2,868 5 ,131 6,202 
In role of objector 128,544 131,327 218,095 

Total 131,412 136,458 224,297 

Specific commodity carriers 
Seeking authority 148,029 143,310 221,748 
In role of objector ___8_,22i 10,220 18,226 

Total 156,723 153,530 239,974 

Both types of carrier 
Seeking authority 150,897 148,441 227,950 
In role of objector 137 ,238 141 547 236,321 

Total 288,135 289,988 464,271 

The second step in the analysis was to estimate 
the average cost per appearance by type of appear
ance and type of carrier for each year in the study 
period, The data for general freight carriers ap
pearing before the Motor Carrier Board are given in 
the table below: 

Fiscal 
Year 
1977-197B 
197B-1979 
1979-19BO 

Avg Cost for General 
Freight Carriers ($) 
Seeking New In Role of 
Authority Objec t o r 
4BO 625 
730 
BBS 

510 
B25 

The data for specific commodity carriers appearing 
before the Motor Carrier Board are as follows: 

Fiscal 
Year 
1977-197B 
197B-1979 
1979-19BO 

Avg Cost for Specific 
Commodity Carriers ($) 
Seeking New In Role of 
Authority Objector 

930 320 
B40 

1,275 
510 
710 

Data were collected on a variety of cost cateqories 
in the study, but in the interests of brevity only 
the total costs per appearance are presented. At 
the disaggregate level, the overwhelming proportion 
of the costs were related to legal fees and the 
costs of witnesses. 
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General freight motor carriers incurred costs of 
between $4BO and $8B5/appearance before the New 
Brunswick Motor Carrier Board. The costs were 
higher for specific commodity carriers, ranging from 
$930 to $1,275. In the first year for which data 
were available, the objecting role was the more ex
pensive element. It appears that the average ap
pearance costs of both activities are increasing 
more rapidly than inflationi therefore, the real 
cost is rising • 

A similar approach was used to assess the cost to 
specific commodity carriers. Carriers were asked to 
list their regulatory costs by type of cost for each 
year of the study period. These costs were then 
aggregated; the data are presented in the above in
text table. As in the previous case, the greatest 
proportion of the cost is accounted for by legal and 
witness costs. The data suqgest that the specific 
commodity carriers spend considerably more money in 
seeking new authority than they do in objecting to 
other applications. As before, although a defini
tive statement is not possible, it does appear that 
the real cost per appearance for this category of 
motor carrier is increasing. 

The direct cost to each type of carrier of the 
motor carrier regulatory process is found by combin
ing the data in Table 2 with the data in the in-text 
tables on costs to general and specific commodity 
carriers. These direct cost estimates are given in 
Table 3. The results given in the table are pre
dictable from the previous discussion. General 
freight carrier direct costs are mostly incurred in 
the role of objector. Specific commodity carrier 
costs are mostly incurred when seeking new operating 
authority. The latter group tends to incur more 
direct cost than the former, although over the study 
period the gap narrowed considerably. For the first 
2 years of the study period the combined direct 
regulatory costs were virtually constant. They in
creased sharply in the final year. The data suggest 
that this was because of increased activity in seek
ing new authority on the part of the specific com
modity group matched by increased opposition from 
the general freight carriers. 

A study completed for the Economic Council of 
Canada in connection with the Regulation Reference 
by Bonsor ( 5) estimated the direct cost of regula
tion for ea;h of the Canadian provinces for the year 
1977-197B. By using a different methodology, this 
study estimated that in that year the New Brunswick 
direct costs were $163, 000, with lower and upper 
bounds of $122,000 and $240,000. The present study 
estimates that, for the same year, the direct regu
latory costs were $28B,135. The present estimate 
is, then, about 20 percent above Bonsor's upper 
bound. A brief discussion of these disparate re
sults is necessary. 

First, the Bonsor estimate is based on the per
ceived costs of regulation on carriers as a percent
age of their gross operating revenues. The result
ing percentage is then multiplied by the Statistics 
Canada estimate of carrier revenue to obtain esti
mates of direct regulatory costs. (Note that Bonsor 
made an adjustment to total revenues by assuming 
that 15 percent of the published fiqure was ac
counted for by nonregulated movements. The current 
approach builds from average appearance costs from 
the carriers and the actual appearances before the 
Board.) 

Second, the Economic Council study sampled only 
40 firms in the Maritime Provinces, and received 12 
responses from New Brunswick. The current investi
gation focused on carriers with New Brunswick oper
ating rights, regardless of the location of their 
head office. 
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Table 4. Annual Motor Carrier Board revenue and expenditure. 

Annual Motor Carrier Board Expenses($) 

Revenue and Expenditure 1977-1978 1978-1979 1979-1980 

Carrier plate for revenue 272,800 393,900 388,400 
Expenditures 

Other acts 40,000 40,000 40,000 
Motor carrier activities 137 ,300 143,300 154,600 

Total 177,300 183,300 194,600 

Excess of revenue 135,500 250,600 233,800 

Note: Data were provided by the New Brunswick Motor Carrier Board, 

Finally, the Council's study resulted in 8 of the 
12 responses coming from class ! carriers. The sam
ple response in this study is more widely distrib
uted and thus more representative of the industry. 
On balance, the current approach--building from the 
bottom with checks in the form of number of appear
ances as provided by the Motor Carrier Board-
appears to be preferable. The Bonsor estimates 
understate the direct costs of motor carrier regula
tion in New Brunswick. 

Direct Costs of Regulation to Shippers 

Shippers become involved in the regulatory process 
in one of two ways: on behalf of a carrier appli
cant as an objector or in support of a carrier, or 
on their own initiative_ Costs of the former ac
tivity are borne by the carrier in question because 
the shipper appears as the carrier's witness. These 
costs are therefore included in the estimates of 
carrier costs presented earlier. It is the cost of 
the latter activity, where the shipper appears on 
his own behest, that is of interest here. In this 
case, the shipper bears hi s own costs. Their inclu
sion in the analysis, therefore, does not involve 
any double counting of expenses. 

Shipper direct costs of appearing before the New 
Brunswick Motor Carrier Board amounted to $200/ap
pearance in 1977-1978. These increased to $250/ap
pearance in the following year, and were the same in 
the final year of the study. 

On the basis of the data available, shippers ap
pear only infrequently on their own initiative. In 
1977-1978, for example, New Brunswick shippers ap
peared on their own volition once in New Brunswick 
and five times elsewhere. The 1978-1979 data are 
identical with those of 1977-1978. In the final 
year of this study shippers appeared before the New 
Brunswick Motor Carrier Board on three occasions, 
and made five appearances elsewhere in Canada. 
Shipper activity in this role, although not substan
tial, does result in direct costs. These costs must 
be included in the direct costs of regulation. The 
shipper direct regulatory costs per appearance on 
their own initiative before the New Brunswick Motor 
Carrier Board were determined to be $200 in 1977-
1978, $250 in 1978-1979, and $750 in 1979-1980. 
Total shipper direct costs are minor when compareil 
with total carrier costs. 

Nevertheless, such costs must be included for an 
accurate estimate of the direct costs of regula
tion. The fact that they are smal 1 in the case of 
this jurisdiction does not mean that they can be 
generalized. 

nirect Costs of Regulation to Government 

The final aspect of direct costs considered was the 
cost incurred by the government in maintaining regu
lation. Two aspects of these costs were identi
fied. The first cost incurred by government depart-
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ments was in the provision of services to the regu
latory agency. The other component is the direct 
cost of operating the regulatory body. 

With respect to the former item, there are a 
variety of costs that exist. Among them are the 
costs of enforcing the Motor Carrier Regulations, 
including the prosecution of violations. It has not 
been possible, due to the reliability of the data 
base, to make these cost separations. One service 
provided to the Board that could be readily identi
fied and cost related to the Policy Division of the 
New Brunswick Department of Transportation is the 
maintenance of several computerized files for use by 
the Board. Information provided by that government 
branch indicated that the annual cost of providing 
this information was on the order of $1, 200. This 
amount must be added to the other direct costs esti
mated above. 

The final cost element identified was the costs 
of operating the New Brunswick Motor Carrier Board 
itself. A summary of the direct costs associated 
with maintaining the regulating agency is qiven in 
Table 4. 

The data in Table 4 reveal not only the direct 
cost of operating the Motor Carrier Board but also 
the subsidy to other activities of government im
plicit in the fact that the Board was in a surplus 
position in all 3 years of the study period. There 
is some question as to whether the direct costs of 
operating the Board or the carrier plate fee revenue 
should be the relevant cost incorporated into the 
analysis. On balance, it appears best to employ the 
latter, for this is the escapable cost. It is es
capable in the sense that this is the cost burden 
that would be removed from carriers should a de
cision be made to move to a deregulated environ
ment. For the initial year of the study, the direct 
costs of this component were $272,800. The total 
increased substantially to $393,900 in the following 
year because of an increase in plate fees. In the 
final year of the study this cost component amounted 
to $388,405. . 

Total Direct Costs of Regulation 

The total direct costs of regulation are the sum of 
the cost elements discussed. That is, total direct 
cost of regulation comprises the direct regulatory 
costs of motor carriers, shippers, and the two 
government sectors. These costs are given in sum
mary form in the table below: 

Group 
Motor carriers 
Shippers 
Government 
Total 

Total Direct Regulatory Costs ($) 
for New Brunswick by Year 
1977-1978 1978-1979 1979-1980 
288,135 289,990 464,270 

200 250 750 
274,025 395,110 389 , 625 
562,360 685,350 854,645 

During the study period the total direct cost of 
the regulatory structure in New Brunswick rose from 
$562,000 to about $855,000, an increase of 7 per
cent. In the aggregate, however, they remain rela
tively small. In the first year of the study, for 
example, these direct costs of regulation amounted 
to less than one-half of 1 percent of the revenues 
earned by for-hire truckers in New Brunswick. 

SUMMARY AND CONCLUSIONS 

A frequently neglected aspect of the costs of regu
lation--the direct costs of maintaining the regu
latory structure--was examined in this paper. A 
case study approach to the problem was adopted, and 
the Canadian province of New Brunswick was chosen as 
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the jurisdiction of investigation. Entry into the 
motor carrier industry in New Brunswick is con
trolled, although rates are not. The relevant costs 
are those associated with entry control. Both a 
survey and a questionnaire were developed, pre
tested, and sent to a sample of shippers and car
riers. 

The study revealed that the two types of carriers 
have differing roles in the regulatory process. The 
specific commodity carriers are generally concerned 
with acquiring new operating authority, whereas gen
eral freight carriers are mainly involved in object
ing to new applications. Costs for each type of 
carrier for each type of activity were developed. 
Overall, costs ranged from $288,000 to $464,000 
during the study period. These are higher than one 
other available estimate for this Canadian jurisdic
tion, but the approach taken in this study, being 
disaggregated in nature, provides more accurate cost 
estimates. 

The study also revealed that, in New Brunswick, 
the shipper plays only a minor role when acting on 
his own behest. The shipper more often appears in 
support of a carrier. Costs to the government due 
to this process are more than offset by motor car
rier plate fee revenues: therefore, carriers are, in 
effect, carrying more than the entire public cost 
burden of the regulation. 

Total direct costs of maintaining the regulatory 
structure in New Brunswick ranged from $562, 000 to 
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$855,000 during the study period. In the aggregate, 
this total cost amounts to less than one-half of l 
percent of revenues earned by for-hire truckers in 
the jurisdiction. 
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