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' ANALYSIS OF PAVEMENT DAMAGE ATTRIBUTABLE

TO OVERWEIGHT TRUCKS IN NEW JERSEY

INTRODUCTION

The consequences of operating overweight trucks are a timely concern,
particularly in light of recent legislation standardiging truck size and
weight restrictions across the nationl. This analysis, requested by New
Jersey's Office of the Attorney General, specifically addresses the
engineering and economic implications of excessive pavement-loqding in a
state where maximum weight limits already comply with the federally-
mandated standardsz. Knowledge of these implications should provide
guidance in making policy decisions pertinent to the mode-and level of
truck weight enforcement. This required that pavement damage be defined in
terms of an established parameter, and that the extent of this damage be
quantified in a rational manner.

It is common knowledge to highway engineers that pavement damage
increases dramatically with increasing vehicle weights. A legal, fully-
loaded tractor trailer combination may cause approximately 10,000 times the
pavement damage caused by the heaviest of passenger cars. Intuitively, it
might seeﬁ that illegally-loaded trucks would cause substantially more
damage than their legally-loaded counterparts. In fact,_ this inference is
only partially correct.

Analysis of the comparative pavement damages resulting from the myriad
possible wvehicle vloadings is conveniently accomplished with the AASHTO
18-kip (18,000 1b) Equivalent Axle Load (EAL) parameter3.' This parameter
was developed to provide a common basis with which to assess the effect of

repetitive loads on pavement servicezbility. It permits information on



vehicle configuration and weight on each axle grouping to be transformed
into a single fundamental parametet, expressed as multiples of the pavement
damage done by the standard 18-kip single axle load used in pavement
design. A 28-~kip load on a tandem axle on a nine-inch rigid pavement, for
example, will ordinarily cause only 85 percent of the damage which would
héve been done had an 18-kip load on a single axle been applied to the same
pavement. Thus, the 28-kip, tandem axle load may be described as doing
0.85 EAL damage. Given a specified pavement, either flexible or rigid, a
measure of the pavement's strength, and a definition of the condition
beyond which the pavement's serviceability is considered unmsatisfactory,
the EAL impact of any vehicle is simply summed from the EALs of each
contributory axle group.

EAL analyses are straightforward and make it possible to quantify the
relative damage sustained by a pavement for any specified combination of
axle type, axle load, and pavement structure. Then, to predict the wear and
tear actually sustained by a pavement, it is necessary to estimate the
frequency with which each type of loading will be applied. Thus, the
distribution of vehicle types, as well as the frequency distribution for
each vehicle type, must be considered in estimating the serviceability
extracted from a pavement by the traffic loading.

If the applied traffic loading is known, and if a pavemgnt's strength
can be characterized, then the EAL parameter can be used to estimate both
the pavement damage and the economic loss resulting from overweight trucks.
The following questions have been addressed in this analysis:

1) How much pavement damage 1is attributable to detected overweight

trucks?



2) How' much pavement damage 1is attributable to all overweight
trucks? ?

3) What costs are associated with these damages?

4) Does the existing overweight fine structure adequately cover the
losses suffered by the highway agency?

5) Is mandatory off-loading of excess weight (requiring overweight
violators to immediately iighten their loads at the ticketed location)
justifiable?

6) Finally, from a broader perspective, what toll would be exacted

from the pavement system if the enforcement program caused the same load to

be carried by a larger number of legally-loaded trucks?

SOME BASIC ASSUMPTIONS

Despite the narrow focus of the five questions posed above, the scope
of the analytical techniques used in their resolution was exceptionally
broad. Statistical, engineering, and economic methods were used to
transform raw overweight violation data into a meaningful indicator of
marginal pavement damage in order to determine the efficacy of selected
enforcement policies. This required that several assumptions be made. The
most gener;l of these were that:

1. The AASHTO EAL parameter provides a rational means with which to
apportion the consumption of pavement serviceability among the various
vehicles using a.foadway, and that an increased rate of EAL application
will proportionately reduce the life of a pavement.

2. Summonses issued by the State Poliée for truck weight violations

represent genuine excess loadings and culminate in the payment of legally



prescribed fines. Also, the nature and total number of all overweight
violators are approximately estimable from the summonses issued.

3. The characteristics of the overweight trﬁck fleet observed in one
year can be assumed to represent the characteristics of overweight truck
fleets in future years.

4. The net cost associated with rescheduling planned overlays to
earlier dates, plus the “cost of truck weight enforcement, plus the
(unquantified) cost in bridge damage, all expressed in their present worth,
constitute the total economic loss exclusively attributable ﬁo overweight

trucks.

OVERWEIGHT TRUCK DATA

The New Jersey State Police is the primary agency responsible for
truck weight enforcement in New Jersey. Both portable and permanent weigh
scales are used ip this effort. Trucks found to exceed statutory weight
limits are issued summonses for a violation of the Motor Vehicle Code and
more than 9000 summonses for overweight violations were issued in Fiscal
Year 1981. A sample of 2265 violators taken from this population was used
in this analysis and the results scaled upwards to include the effect of
unsampledAcitations. The sampled information included the distribution of
actual and allowable weights as well as the class of road upon which the
violators were traveling. (Roads were classified as interstate, state, or
local and county).

There is some doubt that detected overweight violators provide a
representative sample_ of the entire overwéight truck population, since
several potential biasing factors are readily apparent. First, permanent

weigh stations have generally established hours of operation and known



periods of inactivity. For example, they may not operate on weekends. It
is reasonable to assume that afh experienced driver who knew he was
operating an overweight vehicle would choose an altermate route during
those hours in which permanent weigh stations were open. For precisely
this reason, portable weigh scales are strategically deployed. Certainly,
tﬁe first trucks stopped at the permanent weigh stations may provide an
unbiased glimpse of the overall overweight truck population, but the
ubiquitous communication network made possible by citizen's band radios
quickly alerts oncoming trucks to the weighing activity. It is suspected
that some trucks which do not choose an alternate route may simply pull to
the side, outwaiting the scale's operationA. Also, roving enforcers
selectively pull over individual trucks which display signs of a weight
violation, such as slow speeds on inclines or an overly large tire imprint.
Because of the overweight indications themselves, these enforcers are much
more likely to detect a large weight violation rather than a small one.
Finally, the correspondence between the number of detected violators and
the total number of violators is difficult to establish. Summonses issued
depend upon several factors, including the size of the enforcement task
force and the enforcement effort, so that any attempt to estimate the total
number of violators as a multiple of the number of summonses issued is
approximate at best.

Despite the numerous obstacles cited above, an attempt is made to
estimate the impact of all overweight trucks (both detected and undetected)
in-a following section. To take in this broader perspective, an admittedly
lower degree of precision must be tolerated. Nevertheless, it is believed
that this analytical methodology provides the best information currently

available.



TRUCK WEIGHT VIOLATIONS AND FINES

In New Jersey there are séveral types of possible excess weight
violations. A maximum load of 22.4 kips is allowed on any single axle, a
maxXimum load of 34.0 kips is allowed on any tandem axle, and the maximum
allowable gross weight is 80.0 kips for any truck. In addition, trucks may
register at a lesser gross vehicle weight and pay a cor;espondingly reduced
registration fee. This brovision makes registered weight violations
possible. That is, a truck registered to carry 10,000 pounds may be cited
when it transports an 11,000 pound load, even though this ioad is well
below the 22,400 pounds allowed on any one axle. Other violation types
include triaxle violations and other vehicle-specific limits, such as a
limit specifically applicable to a solid waste truck with a triaxle
configuration. It should be noted that whenever a truck is found to be in
violation of several limits simultaneously, the existing statute permits a
court to assess only the single penalty associated with the largest fine.
Thus, only a tandem axle violation would be charged if a truck exceeded the
tandem axle limit by a greater amount than it did the maximum gross weight
limit.

A summary of one year's violation data is presented in Table 1 and the
frequency ﬂistributions for several of these violation types are presented
in Figure 1. It can be seen that these distributions have a strong
tendency to skew away from their respective limits, and that only a small
portion of the violations exceed their respective limits by more than
10,000 pounds. |

The current overweight fine schedule used in New Jersey is presented

in Table 2. Application of this schedule to the truck fleet modeled in



Table 1. Frequency of known weight violators by cited violation type.

P4

AVERAGE EXCESS

VIOLATION TOTAL KNOWN TOTAL EXCESS WEIGHT PER

TYPE VIOLATIONS WEIGHT, KIPS VIOLATION, POUNDS
Single Axle 816 - 3,036.6 3,721

Tandem Axle 4,752 22,858.1 4,810

Gross Weight 1,392 9,493.9 6,820
Registered 1,500 7,473.9 4,982

Other __600 4,258.9 7,098

TOTAL 8,060 47,120.5
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Figure 1. Relative frequencies of excessive wéights for three violation
types.



Table 2. New Jersey's fine schedule for overweight trucks.

-

EXCESS WEIGHT (POUNDS) PENALTY

0.0 to 2,500.0 $50.00

2,500.1 to 10,000.0 ) $0.02 PER EXCESS POUND ABOVE LEGAL LIMIT
10,000.1 AND OVER $0.03 PER EXCESS POUND ABOVE LEGAL LIMIT



this analysis results ig an annual revenue of $1.1 million dollars, a
figure consistent with actual data§.

The relative frequency distribution of assessed fines is shown in
Figure 2. The distribution is discontinuous because of the abrupt increase
in the penalty rate whenever excess weights exceed 10,000 pounds. It is
interesting to note that 91 percent of the violators would be charged less

than $200.00 each, and that the other 9 percent, who are charged more,

account for approximately 25 percent of the total revenue.

PAVEMENT DAMAGE MODEL

Pavemegts are designed and constructed with the knowledge that they
will ultimately wear out. In practice, rehabilitation procedures are
implemented before complete failure occurs and, comsequently, a2 means must
be established with which to gauge the serviceability rendered. Two of the
possible approaches in modeling pavement serviceabilty would apply either
mechanistic or empirical analyses. Mechanistic analyses are sophisticated,
highly-detailed investigations of the load distribution within a pavement
structure and of the associated stresses and strains. They offer the
advantage of isolating specific pavement failure modes, such as excessive

rutting or cracking, but are subject to the criticism of an overstated

precision. Empirical analyses have an unabashedly straightforward
derivation -- materials, design elements, and construction techniques are
correlated with service. Thus, empirical-based models provide a coarser

level of information, but this information is more easily obtained and more
easily digested. The following analysis will make use of the 18-kip
equivalent axle load (EAL) parameter which represents an empirical-type

model.

- 10 -
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Figure 2. Relative frequency histogram of assessed fines.




According to the AASHTO Design Proceduree, pavements are designed to
carry a specified number of loads during a predetermined period of time.
Typically, for a rigid pavement, this may be ten million EALs over a twenty
year life. Assuming, for the sake of simplicity, a conmstant annual traffic
flow, this corresponds to a design value of 500,000 EALs per year. If
trucks operating over a pavement apply loads equivalent to 50,000 EALs
annually, then it can be stated that 10 percent ;f the pavement's service-
ability is apportioned to this type of traffic. If the pavement damage
attributable to trucks were to double, then 20 percent of the design EAls
would be exhausted by trucks and it is assumed the pavement would fail
proportionately sooner.

The analytical model was based primarily on this relatiomship. While
highway engineers do allow for truck traffic in their pavement designs,
usually planning on 10 to 30 percent trucks in the traffic mix, it is
unlikely that they contemplate overweight trucks on a regular basis. Thus,
all overweight trucks are considered to be unplanned pavement loadings.
These loadings reduce the predicted pavement life from its design value,
resulting in an associated cost which can be reasonably quantified.

The development of a pavement utilization model required that several
specific determinations be made, and these will be summarized briefly. The
first of these was to develop a model truck fleet. This was necessary
because actual violation data were not fully descriptive of the violating
vehicle. In the cases of single axle and tandem axle violations, raw
violation data pertained exclusively to the violating axle group. In the
cases of gross weight and registered weight violations, raw violation data
pertained to the overall weight and not to axle-specific loadings. In all

cases it was necessary to describe each violation in terms of an




appropriate‘hypotheticél truck in which all axle groups and axle loadings
were known. Determination of the” possible truck configurations was based
on an auxiliary, detailed sample and resulted in a truck fleet partially
shown in Figure 3. These truck configurations were used to estimate gross
truck weights from single and tandem axle violation data (which include
unreported axle groups) and to reduce gross and_ registered weight
violations to axle-specific'loadings.

The second preliminary determination involved the development of a
typical New Jersey road over which the modeled trucks w§uld travel.
Approximately two-thirds of New Jersey's state roads are of flexible
pavement, including composite pavement in which a rigid pavement was
overlaid with bituminous material, and about one-third are rigid pavements.
It was assumed that all flexible pavements have a structural number of 5.0,
reflecting a relatively strong section. New Jersey's rigid pavements are
commonly 9.0 ipoches thick. Interstate pavements were reasoned to be at
least as strong as state-owned pavements and, while local and county roads
are generally less strong and predominantly bituminous, local and county
pavements were also assigned a structural number of 5.0. (In the
aggregate, assigning local and county roads a conservatively low structural
number of- 2.0 produced a negligible effect. on the cumulative damage
estimate.) .

A typical mile of New Jersey pevement, therefore, was modeled in two
sections. One-third was rigid pavement, 9.0 inches thick, and two-thirds
was flexible pavement with a structural number of 5.0. Based on typical
design considerations, .500,000 EALs are apportioned to each year of the
pavement's design life. (This corresponds to roughly 10 million EALs over

20 years for rigid pavements and to 5 million EALs over 10 years for
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Figure 3. SELECTED TRUCK CONFIGURATIONS AND AXLE LOADING
BY VIOLATION TYPE.

Figure 3. Selected truck configuration and axle loadings by violation
type.



flexible pavements. Of, pooling these values for New Jersey pavements,
maximum design values are 6.7 million EALs over a 13.3 year life. A
terminal seviceability index of 2.5 was assumed.)

As shown in Table 3, the 9060 ticketed, annual, overweight violators
were estimated by the model to cause 38,146 EALs of pavement damage. This
corresponds to a 7.63 percent loss in pavement life: That is, of the
500,000 EALs designed to be exhausted in a one-year period, 7.63 percent
were illegally consumed by overweight trucks.

One may reasonably argue that important benefits were derived from the
transportation of the overweight cargos, although these cargos need not
have been transported illegally. Therefore, to model the pavement damage
which must be tolerated to- maintain these same benefits, more trucks must
be added to the traffic mix. These trucks would carry the excess loads of
the overweight trucks so that all weights are reduced to the legal limits.
The fleet of additional trucks was modeled as the required number of legal,
fully-loaded rigs whose axle configurations were the same as the
configurations of the trucks cited for being overweight.

Table 3 indicates that an additional 1130 trucks would be added to the
traffic mix if the same loads were to be carried legally. Because each of
these trucks would also introduce its tare weight, the pavement would now
be required to carry an additional 31,530 kips over a. one-year period.
But, because each of the individual axle groupings would now carry less
weight, the overall EAL loss is only 6.17 percent per vear of the intended
design. In other words, assuming the same amount of goods were hauled by
either fleet, the net. loss 1in service life attributable to detected

overweight violations is 7.63 less 6.17 or approximately 1.5 percent.



Table 3. Annual pavement serviceability consumed by known overweight
trucks, and serviceability consumed by a hypothetical fleet of
legalized trucks. £

MODELED
18-KIP EAL
TRUCKS IN  GROSS FLEET MODELED AS A PERCENT
TRUCK FLEET  FLEET WEIGHT, KIPS 18-KIP EAL OF DESIGN
ACTUAL 9,060 576,030 38,146 7.63
LEGALIZED 10,190 607,560 30,869 6.17
DIFFERENCE:
LEGALIZED-
ACTUAL +1,130 +31,530 -7,277 -1.46

(Note: Additional trucks dispatched for all but registered weight
violations.) :

- 16 -



ECONOMIC IMPACT MODEL

Although the quantified los§ in pavement life is relatively small,
capital and operating expenses associated with a pavement's ownership may
be sufficiently large to inflate the associated dollar loss beyond levels
which should be reasonably tolerated. Therefore, it 1is necessary to
estimate the economic impact of this loss and detgrmine whether the
existing fine structure will generate sufficient revenue to cover it.

Two basically different methods have been proposed with which to
estimate and apportion pavement-related costs. One computes the cost of
the materials which would be required to produce a pavement with the
minimum structural number required to carry the designated loads. This
approach would be- suitable: for analyses involving the capital expenditures
associated with the construction of a new pavement but is comnsidered
inappropriate here. A second approach, which is more directly related to
pavement maintenance, was used in this analysis. In this second approach,
the cost of the several generations of overlays implicitly planned in a
pavement's design are compared to the larger costs which will be required
as the consequence of a premature loss of serviceability due to overweight
trucks. That is, for the same time span, the overlay cost associated with
the plannéd design loadings is compared to the total overlay cost
associated with the unplanned, increased vehicle loadings. The present
worth of the difference between these two costs is one measure of the
economic damage done by the overweight trucks. The Dbasic concept
underlying this approach is discussed in a recent paper7 and is presented
in Figure 4.

In New Jersey's overall roadway system, the population of existing

pavements includes a broad range of ages. Some were only recently built,



Rl

EXPECTED SCHEDULE ACTUAL OVERLAY
= OF OVERLAYS FOR = SCHEDULE NECESSITATED
A PARTICULAR BY OVERWEIGHT TRUCKS
PAVEMENT OPERATING IN PRESENT
YEAR

- - —

COSTI C:OS'I"2 CoST

)
)
)

[
.

e o e e o
—t ——

i980 1990 2000 2010

COST; = PRESENT WORTM OF COST RESULTING FROM THE
EARLIER SCHEDULINS OF A PLANNED OVERLAY.

ECONOMIC IMPACT = SUM OF ALL ADDITIONAL COSTS RESULTING FROM
PREMATURE FAILURE FOR ALL PAVEMENTS

N SYSTEM.

Figure 4. Concept upon which economic impact is based.



others are blder, and some are twenty vears old and more. A reasonable
model of this roadway system must recognize that pavement failure and
repair is a continuous process. If it is assumed that those pavements most
needing attention receive it, then it can be inferred that an approximately
constant distribution of pavement ages exists and that the average of this
distribution approachgs a steady state value representing the average
remaining life of typical bavement. To simplify the model, all pavements
are assumed to have the same value of remaining life. (Several numerical
checks have shown that this produces essentially the same résults as the
more realistic but more complex model utilizing a distribution of expected
remaining life.)

Other factors which must be considered include interest and inflation
rates, the average trip length of an overweight truck, and the total cost
of a single overlay. At the time of this writing, interest and inflation
rates are receding from their previous record levels and values of 8 and 5
percent, respectively, appear to be reasonable estimates. However, any
attempt to project these levels into the future is risky at best so the
analysis was run using both higher and lower values to determine the
sensitivity of the outcome to these parameters. Since New Jersey is about
50 miles wide by 150 miles long, trip lengths may range anywhere from short
hauls of 10 miles or so to the length of the state. However, since New
Jersey has traditionally been regarded as a "corridor' state, this would
tend to suggest that longer trips are more common. Because the results are
directly affected by the average trip length, values of 25, 50, and 100
miles have been used. . And, because the analysis deals with the economic
impact of rescheduling future overlays to an earlier date, all costs

normally associated with a resurfacing coatract must be accounted for.



These include engineering, traffie control, patching, resetting manholes,
and so forth. Based on a review?of recent construction contracts in New
Jersey, a typical cost is about §$10.00 per square yard. Also, in
determining the number of square yards to be overlaid, it will be assumed
that the typical pavement is two lanes (24 ft.) wide.

The results of the analysis are presented in Table 4. Based on an
average remaining pavement life of 10 years, an assumed typical trip length
of 50 miles, and nominal interest and inflation rates of 8 percent and 5
percent, respectively, the economic impact of detected overweight
violations is $46,549 per year. If additional trucks were to be dispatched
to carry the excess loads, such that nome of these trucks were to be
overweight, the annual cost in pavement serviceability would have been
$37,661. The net difference in this case is $8,888. Table 4 also shows
the results of the sensitivity tests reflecting the uncertainty of selected
input variables. Based on these tests, the previously calculated cost of

$46,549 ranged from a- low of $16,744 to a high of $107,420.

EXTRAPOLATION TO INCLUDE UNDETECTED VIOLATORS

If a considerable number of overweight violators remain undetected,
then it is of limited value to know the economic impact of only those which
are detected. The quantified costs may be severely qnderestimated.
Overweight trucks exact a toll in pavement life regardless of whether or
not a citation is issued. But, as discussed in a previous section, it is
difficult to obtain an unbiased glimpse of that particular segment of the
overall truck population which has a decided incentive to remain
undetected. Thus, if a glimpse of this segment is to be had, the price to

be paid is a reduced precision.

- 20 -



Table 4.  Annual cost of pavement damage attributable to detected overweight
trucks under steady stateé condition, 1983 dollars.

AVERAGE -
REMAIN. AVERAGE INTEREST AND INFLATION RATES

LIFE,  OVERWEIGHT  MODELER B (o] - B et T T ————

YEARS  TRIF, MILES TRUCK FLEET MODELED 5%, Sz 6%Zs 3% 7%y 5% 8%, 5% 9%y SZ  10%» S

S. 25. ACTUAL . 9060 26855, 26855, 26834, 25795. 26737, 26662,

LEGALIZED 10190 21732, 21730, 21712, 21679, 21430, 21568,

50. ACTUAL 9060 $3710. 53709, 53669, 53590, 53474, 53323,

LEGALIZED 10190 43443, 43459, 43424, 43357. 43241, 43136,

100. ACTUAL 9060 107420.  107418.  107338. 107180. 106949. 104446,

LEGALIZED 10190 84926, . B&919. 85348, 8671S. 86522. 86271,

10, 25, ACTUAL 9050 24855, 25612, 24419. 23275, 22178, 21128,

LEGALIZED 10150 21732, 20724, 19757. 18830. 17942, 17092,

S0. ACTUAL 9060 53710, 51223. 48837, 46549, 44357, 42257,

LEGALIZED 10190 43463, 41448, 395158, 37661, 3s5885. 34184,

100. ACTUAL 9050 107420.  102446. 97674. 93099, 88714. 84514,

LEGALIZED 10190 86926, 82896. 79029. 75322, 71769, 48347,

15, 25, ACTUAL 2060 26855, 24426, 22220. 20217, 18397, 16744,

LEGALIZED 10190 21732, 19765, 17979. 16356. 14833. 13545,

50. ACTUAL 9060 53710. 48852, 44440, 40433, 34794, 33487.

LEGALIZED 10150 43463, 39529, 35957. 32713, 29766, 27090.

100. ACTUAL 9060 107420, 97704, 28£31. 80847. 73588, 64575,

LEGALIZEN 10150 86924, 79059. 71514, 55426, 59532, 54179,
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Two distinct approaches were z:tempted to estimate the magnitude of
the factor used to multiply the “ccsts presented in Table 4 so that the
resultant product would also incluce the impact of undetected overweight
violators. One approach is based oc the ratios of summary statistics, and
the other on the visual inspection of weight violation histograms. These
two approaches produced similar results.

The estimation technique relyirg upon ratios requires that the total
number of truck trips be known. Recent loadometer studies in New Jersey
suggest that 30,000,000 annual truck trips may a reasonable estimate.
Three independent sources suggest that roughly 20 percent of these may have
been overweight. The first is a bridge on Interstate 80 in Pennsylvania,
just west of the New Jersey border, which was calibrated with ‘strain gauges
to monitor weights of five-axle trucks without driver awarenessg. This
study concluded that approximately 20 percent of these trucks exceeded
Pennsylvania's gross weight limits during the study period. An independent
check of this 20 percent figure may be obtained by calculating the ratio of
violators to trucks weighed in New Jersey using portable weigh scales.
This ratio, for all violation types, is 0.174 or approximately 20 percent.
And, finally, FHWA sources contacted personally indicate that 10 to 20
percent overweight trucks is a reasonable estimate on a natiomal scale.
Thus, to determine the approximate ratio of total weight vioclators to known
weight violators, one mav multiply ths estimated 30,000,000 annual truck
trips by 20% and divide by the rougzlr 10,000 known overweight trucks to
obtain a factor of 600. If a 10 percent violation rate were assumed rather
than 20 percent, the estimated factor w:zuld be 300.

A check on the reasonableness oI tzis factor was performed by visually

comparing the frequency histograms f-r weights on tandem axles as reported



by the loadbmeter study and by the model based on Stzte Police data. 1In
this comparison, the upper tails &hould (1) reasonably fit the body of the
histogram and (2) they should be consistent with ore another. Both of
these criteria are met if the number of detected violators is multiplied by
a factor of approximately 400, as shown in Figure 5. Thus, because the
appropriate factor 1is estimated to be approximatel; the same by two
independent criteria, the'credibility of the estimats is enhanced. The
appropriate multiplying factor was assumed to be 400 for the purposes of
this report. |

Returning to Table 4, a reasonable estimate of the total annual
pavement damage done by all overweight violators is then 400 X $46,549.00
or approximately $§19 million dollars. This estimate could be as low as §7
million dollars and as high as $43 pillion dollars depending upon the
assumptions one makes regarding interest, inflation, the average remaining

life in a pavement, and the average length of an overweight trip.

UNQUANTIFIED CONSIDERATIONS

One point estimate of the present worth of the pavement damage done by
all overweight trucks in New Jersey is $19 million dollars per year. The
derivationvleading to this estimate must be understood if one is to make a
meaningful assessment of the implications arising from this figure.
Pavement serviceability losses attricbutzble toc overweight trucks were
quantified using the AASHTO EAL parameter and converted to a dollar value
through economic formulas which calculate the <ccst of a premature
maintenance expenditu;e-at a future date. This procecure assumes that the
only effect overweight trucks have on 2 pavement's liZe is an increase in

the utilization rate of the pavement's latant EALs. Bridge damages are not
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included in ‘these costs. Unfortunately, at present there is no convenient
way to estimate the damage done td bridges and there is concern that this
might add significantly to the total costs.

It is possible that, in an extreme case, a single, excessively-loaded
truck may fracture a pavement and thereby drastically shorten its life.
This would be more likely to occur on secondary roads where the pavement
section 1is generally less'strong. Certainly, while at least some of the
overweight trucks must travel on these secondary roads, it was judged
unlikely that they would travel their entire (50 mile averagellquth) trip
on them. This would suggest that smaller portions of these roads may
require excess weight-induced maintenance and that this maintenance may be
less costly than- assumed -in the economic analysis. Nevertheless, this
potential impact must be treated as an important unknown which could
further increase the quantified costs.

The cost of enforcing the overweight statute can not be overlooked.
With the present level of enforcement, this cost was estimated to be $§1.7
million dollars per yearg. It will undoubtedly increase if an improvement
in the overweight detection rate is attempted.

This investigation focused on the primary economic considerations
resulting 'from direct engineering analyses. Secondary economic effects
were not investigated. Thus no adjustment was made to the revenue figures
for the fuel tazes, toll road receipts, registration fees, etc., which
operators of overweight trucks pay. Similarly, overweight trucks were not
charged for time 1lost due to increased traffic congestion, increased
pollution, and other indirect considerations.

It was judged unnecessary to make an adjustment in the rate of

pavement deterioration attributable to environmental considerations
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because, théoretically, this is a cost which is logiczlly apportioned in
full to all legitimate vehicles. “Overweight charges were calculated as a
differential from the established datum apportioned to all other vehicles.
Thus, in a large part, the interaction between overweight trucks and those
environmental factors which affect cost comnsiderations were screened from

the analysis.

SUMMARY AND CONCLUSIONS

This study was undertaken to analyze the physical damége to pavements
resulting from overweight trucks. Towards this end, two large samples were
drawn from the population of known weight violators and, from these,
specific truck characteristics (typical axle configurations, ‘configuration
frequencies, and typical axle loadings) were determined. This information
was then coupled with characteristics of typical New Jersey pavements and,
using the AASHTO EAL parameter, pavement serviceability was apportioned in
a reasonable manner. - Principles of engineering economics were then applied
to quantify the magnitude of the associated monetary impact. These
analyses lead to the following conclusions:

1. Based on available data, the pavement damage attributable to
detected overweight trucks in New Jersey appears to be relatively small,
shortening the remaining pavement life by about 7.6 percent. If the same
amount of goods was carried by an additional number of legally loaded
trucks, the shortening of life would be about 6.2 percent. The net
shortening of life resulting from the trucks kmown to be operating in an
overweight manner is equal to the differehce, or roughly 1.5 percent.

2. An analysis was done to assess the economic impact of these

overweight violations. The shortening of average 1life results in an



increased frequency of resurfacing which raises the overall costs of
maintaining the pavement system af 2 serviceable level. However, as with
the change in the average life expectancy, the increase in costs due to
detected overweight trucks is relatively small and is overshadowed by the
costs of the enforcement effort as a whole.

3. Therefore, with the preseat 1level of enforcement, mandatory
off-loading may not be worthwhile because it affects only those wviolators
which are caught. The most that would have been gained had all of these
violators been off-loaded, even if this occurred at the trip-origin, is a
savings in pavement life of about 1.5 percent, which corresponds to a cost
savings of about $10,000 per year. In exchange, additional manpower would
almost certainly have been- required and the highway agency would have been
exposed to a potentially increased 1liability for the welfare of the
off-loaded goods. Thus the question 1is raised as to whether this
enforcement practice is truly cost effective. (An exception to this
reasoning would be the case in which off-loading is done to avoid exceeding
posted bridge load Ilimits. Also unaddressed is the possible deterrent
effect such a provision might have on undetected violators.)

4. Extrapolation of data to include undetected viclators in New
Jersey inaicates that the total pavement damage attributable to all
overweight trucks is considerable. One point estimate of the cost of this
pavement damage is $19 million dollars per vear.

5. Based on the present level of enforcement, the existing fine
structure will generate about $1.1 =illion dollars in revenue each year.
This revenue, which is not sufficiently large to cover the costs of

enforcement alone, is dwarfed by th= extrapolated magnitude of the total



pavement damage. The discrepancy would be further accentuated if other,
unquantified costs were to also be®included.

6. Based on these findings, it is concluded that a substantial
increase in the revenue generated by overweight trucks may be in order.
This may be accomplished by increasing the present fine structure, by

increasing the present level of enforcement, or both.
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