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BACKGROTJND

Pavement damage generally results from three factors: envkon-
mental effects, materials problems, and loads. The most impor-
tant environmental effects are moisture and temperature
effects. Moisture in the pavement produces several problems
including surface oxidation, ice lens formation (swell), base

failure, slope instability, volume changes, and stresses (5).
Temperature differentials cause shrinkage and expansion, and
these induce stresses in pavement.

Materials or poor construction quality control, or botl¡ can
also result in accelerated pavement damage, An obvious mate-
rials problem is poor aggregate in rigid pavements. Certain
aggregates can cause deterioration cracking, known as D-
cracking. This distress is evidenced by hairline parallel cracks
at slab comers and edges. As the cracks grow, pieces of slab
work loose. Ultimately, the slab falls apart. Poor construction
quality can also result in problems such as misaligned dowel
bars, concrete voids under the reinforcement, and concrete
mixes that are too rich or too lean. These in tum lead to
premature pavement damage,

As indicated in previous repofs, the primary cause of pave-
ment damage is traffic loading generated by heavy trucks ló).
Some sources point to parkways (car-only roadways) such as

the Baltimore-Washington Parkway and the Merrit Parkway in
Corurecticut as evidence that parkways wear out just as fast as

highways that carry truck traffic. Studies by Hudson and Seeds
(6,7) læked at performance of these and other parkways to
determine if they were performing properly. These studies
concluded that damage to the Baltimore-Washingron Parkway
was primarily due to a poor choice of aggregates and not to
automobile use. Damage on the Merrit Parkway was due pri-
marily to studded snow tires, which have since been banned.
These studies also concluded that properly designed parkways
can be relatively thinner than Interstate highways and still meet
and often exceed design lifetimes, in terms of both cumulative
traffic loadings and years of expected service life.

OBJECTIYE

This study was done as a follow-on to several reports by
Hudson and Hudson and Seeds that have examined the rela-
tionship between traffic, especially heavy truck traffic, and
pavement damage (5-8). The objective was to illustrate the
relative damage due to environmental forces and materials
problems compared with that caused by loads. The approach
was to examine several pairs of pavement sections with similar
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This paper ls a summary of the results of a study undertaken
to examlne environmental versus load effects on pavements.
Pairs of pavement sections were examined at 14 locations ln
flve states. At each location, one section had received normal
traffc and the other had never been opened. Visual condition
surveys were performed on each sectlon, and pavement condi-
tion was compared. It is concluded that traffic loadings are a
much more significant cause of pavement distress than are
envimnmental problems.

Much of the U.S. highway infrastructure has fulfilled its useful
life and needs replacement or rehabilitation. High inflation
rates and increased competition for tax dollars caused mainte-
nance to be deferred on a large portion of the highway system.
The Congress and state legislatures are faced with finding a

funding source for maintenance, rehabilitation, and recon-
struction.

To fairly allocate highway maintenance costs, it is essential
to know the relative amounts of damage that result from
various causes, The best-known causes of pavement damage
include environment, poor materials, and raffic loads. It is
often assumed that there is some base envi¡onmental- and
materials-related damage to be charged equally to all users. The
remaining costs are then allocated to system users according to
the damage caused by each class of user.

The problem with determining the amount of damage due to
each cause separately is that there are interactions between
causes (1, 2). For example, without precipitation rigid pave-
ments would not pump. By the same token without loads
crossing joints and cracks in the pavement during the rain there
would be no pumping. Therefore pumping is caused by a

combination of envi¡onment and traffic. The relationship be-
tween traffic loads and pavement damage was quantified during
the AASHO Road Test, which was a comprehensive, large-
scale experiment desigred to determine the effects of va¡ious
vehicle loads on pavement performance and on deterioration
rates (3).

The road test findings, published n 1962 (4), show thar rhe

damaging effects of heavy axle loads are extremely large com-
pared with damage caused by light axle loads. In spite of the
evidence produced by the AASHO Road Test, there are many
claims that trucks cause little or no more damage to pavements
than do automobiles. These claims aæompany political pres-
sure to raise legal axle load limits without proportional in-
creases in user fees and taxes.
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characteristics that have been subjected to different traffic lev-
els. Several pairs of sections in different envi¡onments were
compared to examine the load-environÍient interaction.

The purpose of this research effort was to examine the
current condition of pavements that were corìstructed to carry
normal traffic but that have not been trafficked on a regular
basis since construction, Pavements examined included pri-
mary and Interstate highway sections that were built for trafñc
but received little or no traffic due to legal or other delays.

The normally constructed but untrafficked pavements were
compared in each case with similar pavements that re,ueived

regular highway fiaffic. In each case, the highway agency

involved was contacted to obtain detailed design, corxtruction,
and traffic information on the sections observed. Condition
surveys concentrated on distress that results from environment
and load

SCOPE

The project scope was to compare pairs of pavement sections,
nearly identical in character with the exception of traffic. Ide-
ally, pairs of sections would have identical materials, con-
struction, age, and environmental history. To draw valid con-
clusions, the sections were to be part of the same pavement,

with the untrafficked section having had no traffic. Observed
differences in dist¡ess levels could then be related to observed
differences in traffic and environment.

Because of the importance of envi¡onmental effects, sections
were sougþt in several environmental regions that varied with
respect to freezing and thawing and moisn¡re. For this study,
the six AASHTO environmental regions were adopted:

I Wet, no freeze
II Wet, freeze-thaw cycling
III Wet, hud-freeze, spring thaw
IV Dry no freeze
V Dry freeze-thaw cycling
VI Dry hard-freeze, spring thaw

These regions are shown in Figure l. The regions range from
Region II (wet, freeze-thaw cycling) as the most envi¡onmen-
tally destructive to Region IV (dry, no freeze) as the least
destructive,

The search was concentrated in Texas for Region I, Mary-
land for Region II, Miruresota for Region III, Califomia for
Region IV and Arizona for Region V.

CONDUCT OF RESEARCH

Initial contact was made with persorurel from state transporta-
tion agencies in an attempt to locate study sections for com-
parison, Sought were stub ends, spurs, lanes, and ramps of
primary or Interstate highways that were constructed but never
opened to traffic. These sections were then visited and surveyed
for visual condition.

Several standard terms were selected to simplify description
of pavement units. A "section" is a portion of pavement that
has either beBn traff,cked or untrafficked. "Location" corre-
sponds to a pair of sections, one trafficked, one untrafficked. In
addition, as a result of the number of pavement sections, the

REG ION CIIARAC'TIiRIST ICS

I l.let, No Freeze
II llet, Freeze-Thaw Cycllng
III l.Jet, llard-Freeze, Sprlng Thaw
lV Dry, No Freeze
V Dry, Freeze-Thaw Cycllng
VI Dry, Hard Freeze, Sprlng Thar"'

FIGURE 1 Test locations and envlronmental regions.

following identification system was adopted. Each location is
identif,ed by the twoletter code of the state in which it is
situated, followed by a number assigned to that location. For
example, the Minnesota locations are identified as MNl
through MN7. Sections are further identified by T for "traf-
ficked" and U for "untrafñcked," The unrafficked section at

the seventh Minnesota location then is MN7U.

Example Location

Data from the Milaca, Minnesota, location GlIl.{D are pre-
sented as an example of the procedure used, MN7 is located
approximately 1 mi south of Mlaca (Figure 2) where US-169
changes from a four-lane divided highway to a twolane un-
divided highway. MNTT is south of the point where the norrh-
boì¡nd trafûc moves off the undivided AC pavement. MNTU is
a stub end approximately 50 ft long (Figure 3).

Construction

MN7 is an asphalt concrete pavement built in 1972 with the
following pavement structure:

. l-in. AC hot mix,
o lrlz-in, bituminous base, and
¡ Gin. aggregate base.

Thaffic

Traffic, including 7 percent trucks, is as follows:
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Year

1984
1982
1980
1978
1976

ADT
2,425
2,150
2,O25
2,038
1,843
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FIGURE 2 Milaca, Minnesota, location.

Environment

MN7 is located in Environmental Region III (wet, freeze).

Dlstress

MNTT is cracked into 10- to l5-ft blocks with all cracl$
spalled tlzto I tn. The wheeþaths are slightly alligator cracked
and have ruts 1/e to 1/¿ in. deep. The area between the wheel-
paths is slightly raveled. The cracks on MNTU are not spalled

and are 25 to 30 percent as dense as those on MN7T.

Observations

There is a clear difierence in cracking severity for this section.
The cause of the cracking and severity of the distress between
MNTT and MNTU demonstrates that, although this distress is
environmentally caused, it is accentuated by trafñc.

Results

As the study progressed, 14 suitable pairs of pavements were
located. A complete data set was colle{ted for 11 of these and
is given in Table 1. Although some data (traffic and con-
struction) were unobtainable for three sections (located in Ari-
zona and Califomia), visual condition sr¡rvey data on these

sections are given in Table 2.

Two trends are apparent in the data:

r For each pair of sections, the diversity, extent, and distress
are greater for trafficked sections than for untrafficked sections.

¡ The effect of environment is not constant actoss di,fferent
environmental regions,
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UNTRAFFICXED SECTIOT.I

IRAFFICKED SECTþN

I'IGURE 3 Detall of Milaca locatlon.

Effect ofTraffrc

For every pair of sections examined there was significærtþ
more distress with respect to type, extent, and severity on the
trafficked than on the untrafficked section.

Effect of Environment

Environmental forces caused distress in the untrafficked sec-
tions. In all but a few of these sections there was distress,
although it was universally less than distress on the comparable
trafficked section.

DISCUSSION OF FINDINGS

The information collected here is from a series of case studies
that were examined to compare pavement damage, In each
case, one pavement section was subjected to envi¡onmental
forces only while a companion section was subjected to úte
combined effects of traffic loads and environmental forces.

N



TABLE 1 COMPLETE INFORMA]]ON ON LOCATIONS
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TABLE 2 LOCATTONS WITH INCOMPLETE INFORMATTON
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The case study locations were situated in four of the severest

environmental regions used to classify areas of the United
States (Figure 1). Although these 14 case studies do not repre-

sent all possible combinations of traffic, pavement strength,

and environmental conditions, they do represent a good cross

section of pavements in the United States. The significant
factor is that in every case the section subjected to the combina-
tion of traffic and environment suffered greater damage than
did the section subjected to environment alone. In most cases,

the difference was rather dramatically greater when traffic was
added.

As previously pointed out, the observed difference was prob-
ably not due to traffic alone. In some cases it is due to the
interaction between trafflc and environment, For example, the
envi¡onment can induce a temperature crack that is aggravated
and intensified by traffic repeatedly passing over it. In some of
the cases, the same type of distress was observed on both
sections, but the severity of the distress was much greater on
the trafñcked than on the untrafficked section. In these cases,

the distress was of the type that is usually environmentally
induced and then load enhanced. In the case of thermal crack-
ing, for example, not only was the spalling of the cracks more
severe under traffic but the density of the cracks in the section
was also more severe.

At some of the observed sections, there was considerable
distress of a given type in the trafñcked section but no such
distress in the untrafficked section. In such cases, it is probable
that traffic was the initiating cause of the damage, because it
occurred only in the trafficked sections. It is probable that the
envi¡onment then enhanced or increased the effect of the load-
induced damage.

Examination of the data shows differences between levels of
severity of distress in the regions where freezing was a factor.
h both freeze-thaw-cycling and hard-freeze regions, the dif-
ference in the levels of severity of distress w¿rs greater than in
the no-freeze region, In other words, in both freeze-related
regions where envi¡onmental distress is expected to be greater,
the difference in distress between trafficked and untrafficked
sections is greater than in the milder region. This suggests
again that the interaction of load with the envi¡onment has a
severe effect. Location MN7 at Milaca, Miruresota, clearly
illustrates this interaction. Similar results are observable for
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differences in distress between wet and dry areas, as evidenced
by location TXI at C¡press, Texas.

An example of the phenomenon with respect to wet and dry
areas is the previously cited pavement pumping problem.
Clearly pumping and related damage is induced by loads in the
presence of water, but such interaction is also more prevalent in
wet areas than in dry areas. Thus the effect of loads is not only
more severe than the effect of envi¡onment but the effect of
load is compounded more severely in harsh environments than
in mild environments.

SUMMARY

The objective of this study was to examine the relative amount
of damage caused by environmental forces versus that caused

by loads. Fourteen similar pairs of pavement sections were
examined. Each pair consisted of a pavement section that had
received t¡affic and a similar one that had not. To strengthen
possible conclusions from the data, the sections selected were
generally of identical construction and age. Untrafficked pave-
ments were sections that had never been opened to traffic for
va¡ious reasons. The rafficked sections consisted of adjacent
pavement subjected to normal traffic. Sections were examined
in Arizona, Califomia, Maryland, Minnesota, and Texas to give
wide coverage of environmental variables,

For all 14 case study pairs the damage on trafficked sections
is more severe than the damage on untrafficked sectioru. In
addition, the total damage with traffic loading was generally
greater in harsh environments than in mild envi¡onments,
Therefore, although quantitative conclusions cannot be drawn,
these data support the conclusion that the damaging effect of
trafñc is generally more severe than the effect of environment
alone and that the damaging effect of traffic is proporrionally
greater in harsh environments than it is in mild environments.

There remains the important need to collect more adequate
data on pavement performance to quantify relationships and
develop mathematical models. These models will, in tum,
deñne the relative effects of load a¡rd environment and their
interaction on pavement damage and ultimately pavement per-
formance. Although the Strategic Highway Research Program
proposes to undertake such a study, the results will be 5 to 10
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years or longer in coming. Until such results are available, it is
essential that the findings of small studies such as this one be
used to help assess realistic relationships for defining the
effects of damage and using these relationships in the difficult
task of allocating pavement costs.
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