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Tire/Pavement Noise Measurement
and Results Doug Hanson, NCAT

Figure 1 – Wayside Measurements

Traffic noise is a serious problem that is subject to increasing public awareness.  Engine, exhaust,
aerodynamic and tire/ pavement noise all contribute to traffic noise.  But at interstate and highway
speeds tire/pavement noise is dominant.

The FHWA Noise Abatement Criteria states that noise abatement must be considered for residential
areas when the traffic noise levels approach or exceed 67 dB(A).  To accomplish this, many areas in the
United States are building large sound barrier walls at a cost of one to five million dollars per roadway
mile.  Research in Europe and in the United States has indicated that it is possible to build pavement
surfaces that will provide economical low noise roadways.
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There are three approaches to measuring far-field or pass-by wayside noise levels:  statistical pass-by
(SPB), controlled pass-by (CPB) and time-averaged procedures.  All of these procedures consist of
placing microphones at a defined distance from the vehicle path at the side of the roadway. For research
purposes the statistical pass-by and the controlled pass-by procedures are the most commonly used.
The time-averaged procedure is the most commonly used for doing traffic noise studies associated with
the design or major widening of a highway project.

Figure 1 shows a typical set up for wayside measurements.  The controlled and statistical pass-by
methods are generally similar.  The pri-
mary difference, however, is that the statis-
tical approach samples actual vehicles from
the traffic stream.  There are ISO and FHWA
standards for this procedure.  The con-
trolled pass-by method measures the noise
from particular vehicles.

There are a number of restrictions on
the measurement site conditions.  The
ground surface must be acoustically hard,
but surfaces that reflect sound must be
avoided.  The traffic must be cruising at
constant speed, not accelerating.

In addition, the vehicle being studied
must be the only vehicle within 100 feet of the microphones.  Therefore these procedures cannot be
used on high volume roadways.  Measurements must be taken of as many as 200-300 vehicles in the
traffic stream for the SPB method, making it time consuming to conduct.  The result of these restric-
tions is that a limited number of pavement surfaces can be tested economically.  On the other hand, the
pass-by methods do reflect the actual traffic stream, typical tire types and other local conditions.  In
addition, they measure noise near the adjacent landowners, which is typically the main concern.
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Near-field or close-proximity (CPX) methods to measure tire/pavement noise consist of measuring the
sound levels at or near the tire/pavement interface.  The requirements for the CPX trailer are described
in ISO Standard 11819-2. This method consists of placing microphones near the tire/pavement

Noise is defined as “unwanted sound”.
People have different perceptions of what
sounds they like and what sounds they
don’t like.  Few people find the sounds
generated by traffic to be pleasant, how-
ever, so it is typically called noise.

Sound is caused by the fluctuation in
the density or pressure of air (or some
other medium).  Sound pressure level is
commonly measured in decibels (dB).  A
weighting scheme, called A-weighting, is
used to reflect how humans perceive mod-
erate sound levels.  So the unit dB(A) com-
bines the magnitude of sound with how hu-
mans hear.

Since human hearing is sensitive to a
wide range of sound pressures, it does
not lend itself to be measured with a linear
scale.  If a linear scale were used to mea-
sure all sounds that could be heard by the
human ear, most sounds (assuming a lin-
ear scale of 0 to 1) occurring in daily life
would be recorded between 0.0 and 0.01.
Instead of a linear scale, a logarithmic scale
is used to represent sound levels.  This is
important to remember when looking at
noise reduction.

Because sound pressure level is mea-
sured on a logarithmic scale and because
traffic noise is a line source, not a point
source of noise, doubling the distance
from the road would result in a 3 dB(A)
reduction in the noise level.  Thus, if a
point 16 feet from the center of the noise
source (the center of the lane) of the road-
way has a noise level of 85 dB(A), then a
point 32 feet from the center of the noise
source would have a noise level of 82 dB(A).

Reducing noise at the source – the tire/
pavement interface – by as little as 3 dB(A)
is comparable to doubling the distance
between the noise source and your back-
yard.  This is a significant difference and
can have a major impact on quality of life.

The Nature of Noise
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interface to directly measure tire/pavement
noise levels.  In 2002, NCAT built two CPX
trailers, one for the Arizona Department of
Transportation and one for use by NCAT.  NCAT
is currently building a third trailer for the Texas
DOT.  The NCAT trailer is shown in Figure 2.

The ISO Standard calls for the measure-
ment of sound pressure using microphones
that are mounted eight inches from the center
of the tire and four inches above the surface of
the pavement.  The microphones are mounted
inside an acoustical chamber.  The acoustical
chamber is required because sound pressure
microphones will measure the sound from all
directions and thus, there is need to isolate the
sound from other traffic and sound reflective
surfaces.

A concern with regard to the use of near-
field measurements is that they measure only
the tire/pavement noise component of traffic
related noise.  The standard method used by
the FHWA’s Volpe Laboratories is the statistical
pass-by method.  This method was selected
because it includes both the power train and
tire/pavement noise.  Both the power train and
tire/pavement noise are strongly related to ve-
hicle speed.  Work done in Europe has indi-
cated that there is a crossover speed for con-
stant-speed driving of about 25 to 30 mph for
cars and about 35 to 45 mph for trucks.  At
speeds less than 25 to 30 mph for cars or 35 to
45 mph for trucks, the power train noise domi-
nates; however, at higher speeds the tire/pave-
ment noise is more prevalent. Therefore, it ap-
pears that the concept of measuring the noise
level of roadways at the tire/pavement interface

Figure 2 – NCAT Close Proximity Trailer

is valid for roadways having speed limits above
45 mph.

The near-field test or close-proximity proce-
dures offer many advantages:

1. The ability to determine the noise character-
istics of the road surface at almost any arbi-
trary site.

2. It could be used to check the state of mainte-
nance, i.e. the wear or damage to the surface,
as well as clogging and the effect of cleaning
porous surfaces.

3. It is much more portable than the pass-by
methods, requiring little setup prior to use.

4. The testing can be done on the run at any
selected speed (testing has been done at
speeds that range from 30 mph to 70 mph).

There is a concern about whether traffic noise
can be predicted based on the measurements at
the tire/pavement interface.  NCAT and the Arizona
Department of Transportation have conducted stud-
ies to determine the difference.  These studies
should be considered preliminary; more work is
planned by NCAT.

The data to date has shown that there is a differ-
ence of about 23 dB(A) between the close-proximity
measurements and roadside noise levels measured
at 25 feet from the edge of the traffic lane.  Thus, if
the noise level for the CPX trailer is 95 dB(A) at the
tire/pavement interface then the noise level at 25 feet
from the road will be about 72 db(A).
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NCAT has now tested approximately 320 pavement
surfaces in sixteen states.  The following are aver-
age values from that testing.

For  all types of HMA pavements – dense graded,
stone matrix asphalt and open-graded mixes-it has
been found that in general the smaller the top size
aggregate the lower the noise level.  There have
been some exceptions to this generalization.

There is no official definition of what consti-
tutes a quiet pavement.  Dr. Ulf Sandberg defines a
“low noise road surface” as a road surface which,
“when interacting with a rolling tyre, influences
vehicle noise in such a way as to cause at least a 3
bB(A) lower noise level than that obtained on con-
ventional and most common road surfaces.”    The
most common road surface in the United States is
HMA; approximately 92% of pavement surfaces
are HMA.  Thus if the most common road surface
is dense graded HMA, it could be concluded that a
“low noise road surface” would be a surface that
has a noise level of about 94 or 95 dB(A) when
measured with a CPX trailer.

Table 1 – Typical Noise Levels for Different Pavement Types

Maximum Noise Lowest Noise
Average Noise Level Measured Level Measured

Type of Surface Level (dB(A))  (dB(A))  (dB(A))

Transverse Tined PCCP 103.6 106.5 100.6

Longitudinally Tined PCCP 99.8 103.6 98.1

Diamond Ground PCCP 98.9 101.0 97.0

Dense Graded HMA 97.1 101.0 93.0

Stone Matrix Asphalt 98.0 101.0 95.0

Coarse Graded OGFC (5/8 inch minus) 97.0 99.1 92.6

Fine Graded OGFC (3/8 inch minus) 92.6 93.9 90.9
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Case Study:  A Porous
Friction Course for Noise
Control Rebecca McDaniel, NCSC

In 2003, the Indiana Department of Transporta-
tion allowed a test section of Porous Friction Course
(PFC) to be placed so that the effects of this pave-
ment type on noise, friction and performance could
be evaluated.  The PFC is compared to an adjacent
section of SMA and a conventional Superpave HMA
surface.

All three mixtures used steel slag aggregate from
the same source, though the gradations were very
different, as shown in Figure 1.  The conventional
HMA, placed on a different project at about the same
time, consisted of steel slag coarse aggregate
blended 50-50 with coarse dolomite.  The PFC and
SMA were 80-90% steel slag.  The same grade of
binder (SBS-modified PG76-22) and same design
traffic level (10 to 30 million ESALs) were used in
all three mixes.  Cellulose fibers were incorporated
in the PFC and SMA.

Noise measurements were conducted in the field
using controlled pass-by and close-proximity meth-
ods near the end of August 2003.  NCAT conducted
near-field measurements using their close-proxim-
ity method (CPX) trailer with two different tires on
all three pavements at speeds of 72 and 97 kph (45
and 60 mph).  In addition, controlled pass-by test-
ing was also conducted at the same locations using
three vehicles, two cars and a pickup truck.  These
vehicles cruised past the measurement sites at con-
stant speeds.

Both CPX and CPB results showed that the PFC
produced significantly lower measured tire/pave-
ment noise levels, the conventional HMA surface
produced the next lowest noise levels, and the SMA
produced the highest noise levels.  As expected, the
CPX measurements were higher than the pass-by
measurements at similar speeds since the measure-
ment is made very close to the source of the noise,
before it can be attenuated over distance.

Audio clips of the noise generated on these and
other pavement surfaces can be found on the Insti-
tute for Safe, Quiet and Durable Highways’ website
(http://widget.ecn.purdue.edu/~sqdh/) under Re-
sources.

The field evaluation also compared the surface
texture of the three pavement surfaces, the friction
and the splash and spray.  Splash and spray was

observed, but not quantified, during a rain storm.
The PFC greatly reduced the splash and spray
compared to the SMA and improved visibility.  A
video showing the difference in splash and spray
can be viewed at the NCSC website at
h t tp : / /b r idge .ecn .purdue .edu/~spave /
S t e e r i n g % 2 0 C o m m i t t e e /
Meeting%20Minutes%20NCSC.htm.

The preliminary findings indicate the follow-
ing:

♦ Acceptable PFC mixtures can be designed
using Indiana materials, and conventional
equipment can be used to produce, place
and compact the mixes.

♦ The surface texture of the PFC is visually
more open than the SMA.  The HMA ex-
hibited an even more uniform, dense
surface by comparison.  The differences
in texture were confirmed and quantified
using a laser-based Circular Texture
Meter.

♦ Close-proximity testing at two different
speeds showed the HMA to produce noise
levels that were 3.6 dB(A) higher than
the PFC, and the SMA produced noise
levels that were 4.8 dB(A) higher than
the PFC.

♦ Pass-by noise measurements at 80 kph
(50 mph) showed that the HMA produced

noise levels that were 4.2 dB(A) higher
than the PFC, and the SMA produced
noise levels that were 5.0 dB(A) higher
than the PFC.

♦ The PFC also provided higher fric-
tion than the HMA and SMA in terms
of International Friction Index.  The
PFC and SMA friction values are ex-
pected to increase after traffic wears
away the binder film coating.

♦ Visual observations of splash and
spray show that the PFC does signifi-
cantly reduce water on the pavement
surface, resulting in better visibility
for drivers.

♦ Long term performance of the PFC
section should be monitored to de-
termine how long the improved per-
formance will last.  A follow-up moni-
toring project will study this pavement
for five years after construction.

Details on the evaluation and the complete
findings are available in the report on the ini-
tial performance at http://
widget.ecn.purdue.edu/~sqdh/ (Report No.
SQDH 2004-3).

In summary, the PFC section placed here
did exhibit lower noise levels, improved fric-
tion and reduced splash and spray compared
to an SMA and a conventional HMA surface.
PFC may offer an effective and economical
way to reduce noise while maintaining, or even
improving, friction and visibility.  The long
term performance of PFC under Indiana con-
ditions should be determined before exten-
sive use is made of this type of mixture, but at
this point it appears very promising.

Figure 1.  Gradations
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VMA: ONE KEY TO MIXTURE PERFORMANCE
Excerpted from an article by Donald W. Christensen, Jr., and Ramon F. Bonaquist, Advanced Asphalt
Technologies, LLC

Over the past five to ten years, highway engi-
neers have become increasingly concerned that
the composition of hot mix asphalt concrete
(HMAC) being placed may not be providing ad-
equate durability under all conditions. A recent
increase in surface distress in many asphalt con-
crete pavements led the National Cooperative
Highway Research Program (NCHRP) to spon-
sor research specifically aimed at top-down
cracking.  This paper summarizes some infor-
mation gleaned largely from two related NCHRP
projects aimed at establishing design VMA val-
ues high enough to ensure good durability while
still achieving superior rut resistance.

Both NCHRP Project 9-25: Requirements for
Voids in Mineral Aggregate for Mixtures De-
signed According to the Superpave System, and
Project 9-31: Air Void Requirements for
Superpave Mix Design, are nearing completion.
The findings, conclusions and recommendations
presented in this article are those of the authors
and may or may not reflect the position of the
NCHRP or the Federal Highway Administration.
As is always good practice, highway engineers
should use their judgment and experience with lo-
cal materials and conditions when evaluating and
applying the information presented in this article.

Because of the perceived increase in surface
cracking and raveling, many engineers feel that
asphalt concrete mixtures have become too lean—
that is, the voids in mineral aggregate (VMA) and
effective binder content by volume (VBE) are too
low for adequate fatigue resistance and durability.
Unfortunately, there is substantial evidence that
increasing VMA and VBE can decrease the rut
resistance of asphalt concrete pavements.

Using VMA to evaluate and design asphalt
concrete mixtures first gained popularity in the
1950’s, largely due to the efforts of Norman
McLeod. He was the first to propose the use of
minimum VMA values for mixtures and was also
the first to suggest that minimum VMA should
increase with decreasing aggregate size. McLeod
believed that establishing minimum VMA values
would help ensure good durability.

At about this same time, a controversy began
concerning the best way to ensure good mixture
durability. Like McLeod, many pavement engi-
neers believed that VMA and effective binder
content—meaning binder not absorbed into the

aggregate—were the critical factors in achieving
durable asphalt concrete. Others argued instead
that the amount of asphalt binder relative to ag-
gregate surface area was critical to achieving good
mixture durability. Some engineers chose to ex-
press the ratio of asphalt binder to aggregate
surface area as “film thickness,” while others
spoke in terms of “bitumen loading factor.”

Pavement engineers and researchers still ar-
gue over this terminology today. Some would
like to see mix design specifications address the
issue of film thickness, while others vehemently
oppose this idea on the grounds that asphalt
cement binder simply does not exist as thin films
within asphalt concrete. These engineers instead
believe—correctly—that asphalt concrete is a
particulate composite material made up of an
intimate mixture of asphalt and aggregate. It is
probably best to go beyond the argument of
whether or not asphalt films actually exist in as-
phalt concrete mixtures and instead agree that
the amount of binder relative to aggregate sur-
face area—perhaps best referred to as apparent
film thickness—plays an important role in mix-
ture performance.
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Recent research suggests that engineers on both
sides of the VMA vs. film thickness controversy
have been partly right and partly wrong. The ra-
tio of asphalt binder to aggregate surface area
does in fact significantly affect mixture perfor-
mance, but not in the way that many early re-
searchers believed. Instead of affecting durabil-
ity, this factor is probably more closely linked to
rut resistance. All else being equal, as the amount
of binder relative to aggregate surface area in-
creases, the rut resistance will decrease.

An even better indicator of this characteristic
is the ratio of VMA to aggregate surface area. In
practical terms, this means that technicians and
engineers responsible for mixture design should
be wary of mixtures that have high VMA relative
to the amount of fines in the aggregate grada-
tion. Such mixtures will tend to exhibit poor rut
resistance compared to mixtures with more ag-
gregate fines and lower VMA. A good example of
this was the extreme early rutting exhibited by
many of the mixtures placed at WesTrack several
years ago. A team of investigating engineers de-
termined that this failure was due in part to the

excessive film thickness of many of the mixtures.

To ensure that asphalt concrete mixtures have
adequate levels of rut resistance, it is necessary
to establish minimum values for aggregate fine-
ness at different levels of VMA. Furthermore, it
must be understood that rut resistance is a func-
tion not only of VMA and aggregate fineness,
but also of design and field compaction levels,
and binder grade relative to both climate and
design traffic level and speed. An effective model,
detailed in the full article, relating these factors
to field rutting rate based on data from WesTrack,
MN/Road and the NCAT test track was developed
as part of NCHRP Projects 9-25 and 9-31.  The
research also developed guidelines for aggre-
gate fineness as a function of VMA.

However, aggregate fines not only affect the
rut resistance of asphalt concrete mixtures, but
also improve their durability by limiting perme-
ability. During NCHRP Projects 9-25 and 9-31, a
model was developed for estimating in-place
permeability of asphalt concrete mixtures from
aggregate specific surface and air void content.
That model can be used along with recommended
in-place permeability limits to calculate a sec-
ond set of aggregate fineness requirements, in
addition to those based upon rut resistance. For-
tunately, the two sets of requirements are quite
close, so that for practical purposes a single set
of aggregate fineness values as a function of VMA
can be established. These values are given in
Table 1, both in terms of aggregate specific sur-
face and FM300, which is the sum of the percent
passing the 75-, 150- and 300-micron sieves.
FM300 is easy to calculate, and also relates very
closely to specific surface. Recommended maxi-
mum values for FM300 are also provided to help
ensure that mixtures will not become too diffi-
cult to mix or compact because of excessive fines.
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Durability of asphalt concrete mixtures is not just
a function of permeability, but is also a function of
fatigue resistance. Some researchers have pro-
posed that fatigue resistance increases with in-
creasing VFA, while others have proposed that it
improves with increasing binder content. Research
performed during NCHRP Projects 9-25 and 9-
31 strongly suggests that it is binder content by
volume that best relates to fatigue resistance.

The full text of this article is available on-line at http://bridge.ecn.purdue.edu/~spave/Newsletters/newstoc.htm
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Because design air void content in mixtures
designed according to the Superpave system is
fixed at 4 %, it can also be stated that for these
materials fatigue resistance increases with in-
creasing VMA. Many paving engineers have sus-
pected this, and have attributed the surface dis-
tress observed in some recently constructed pave-
ments to insufficient VMA and binder content. In
fact, VMA values and binder contents have de-
creased significantly over the past 30 years from
average values of around 17% for Marshall mixes
in the 1970’s and 80’s, to VMA’s of around 14-
15% for some wearing courses now. As a com-
parison, SMA mixtures, which in general have
been exhibiting significantly better durability than
coarse-graded Superpave mixtures, have design
VMA values in the 17 to 18 % range.

Clearly a significant portion of the recent de-
crease in mixture durability can be attributed to
the reduction in VMA and binder content over
the past several decades. Based largely upon the
historical changes in VMA and binder contents,
the superior durability of SMA mixtures, and the
relationship between fatigue resistance and ef-
fective binder content, it is recommended that
minimum VMA values (and implied effective
binder contents) be increased 1% for mixtures
designed according to the Superpave system.

Although the design air void content in the
Superpave system is currently set at 4%, some
agencies allow design air voids to vary up to 1%
from this value. In such cases, VMA and binder
content are no longer directly related, and it be-
comes important to check minimum effective
binder contents by volume, in addition to evalu-
ating VMA. For this reason, recommended mini-
mum VBE values are also provided based on the
research. Because wearing course mixtures are
subject directly to tire loading, and also to air,
water and sunlight, it is important that they be
extremely durable. For this reason, Superpave
wearing course mixtures should have a mini-
mum VMA of 16.0% and a minimum VBE of 12
%, regardless of nominal maximum aggregate
size. Rich base course mixtures should meet simi-
lar requirements.

Some engineers may be concerned that re-
turning to richer wearing course mixtures might
result in an increase in rutting. However, this will
not be a problem if the changes are done care-
fully. As discussed at the beginning of this ar-
ticle maintaining proper levels of aggregate fine-
ness while increasing VMA will help maintain
rut resistance. It must also be recognized that the
general quality of the materials used in produc-
ing asphalt concrete pavements has improved
significantly with the implementation of the

Superpave system. Many of the rut-prone
Marshall mixtures placed in the 1970’s and 1980’s
were designed at low level of compaction, and
included substantial amounts of natural sand.
Some also contained poorly crushed gravel as
coarse aggregate. The relationships among
binder flow properties, rut resistance, climate
and traffic were not well understood, and as a
result binders used in heavily trafficked wearing
courses sometimes had insufficient stiffness for
such severe applications. With the strict require-
ments for aggregate quality, compaction and
binder grading now in use within the Superpave
system, VMA and binder contents can and should
be increased without fear of excessive rutting, as
long as aggregate fineness is also increased
slightly and care is taken in selecting the appro-
priate binder PG grade.
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Durable, rut resistant HMAC must be designed
with a high level of compaction, reasonably high
VMA and binder contents, and adequate fines.
Although achieving proper VMA is in general an
inexact, trial-and-error process, a few basic rules
can help laboratory engineers and technicians
increase VMA in overly lean mixtures.  VMA gen-
erally increases as the aggregate blend moves
further away from a maximum density gradation.
This means that for a coarse blend—one that
falls below the maximum density gradation—
VMA can be increased by adding coarse aggre-
gate. Similarly the VMA of fine blends can be
increased by adding fine aggregate. Adding min-
eral filler to a mixture will sometimes increase
VMA, and sometimes decrease VMA. Usually,
mixing an additional aggregate into an existing
blend will decrease VMA rather than increase it,
because the new aggregate will tend to fill voids
among the existing particles. Therefore, the num-
ber of aggregate sources in a blend should be
decreased and not increased when higher VMA
is needed. Weak, friable aggregates with poor
abrasion resistance will break down under mod-

erate to high compaction, making it difficult to
achieve high VMA levels. If this is the case, alter-
nate aggregate sources should be evaluated.
Sometimes aggregate particle shape or angular-
ity can affect VMA, either increasing it or de-
creasing it compared to other aggregates of simi-
lar gradation. Highway agencies should consider
broadening aggregate gradation requirements
when possible, to make achieving proper levels
of VMA easier, since beyond selection of the
proper aggregate size and fineness, there is little
research to suggest that specific characteristics
of aggregate gradation affect pavement perfor-
mance in any significant way, while VMA, air
voids and binder content are critical to proper
durability and rut resistance.
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Obtaining proper VMA is essential to producing
durable and rut resistant asphalt concrete mix-
tures. To ensure adequate fatigue resistance the
minimum VMA values for mixtures designed
according to the Superpave system should be
increased by 1% over current recommended
minimums. In cases where design air void con-
tent is allowed to vary from 4%, the implied mini-
mum effective binder content should also be in-
creased 1% and enforced in addition to mini-
mum VMA values. Because of severe exposure
to the effects of traffic loading and the elements,
wearing course mixtures and rich base course
mixtures should have a minimum VMA of 16%
and a minimum VBE of 12%, regardless of nomi-
nal maximum aggregate size. Adequate rut re-
sistance can be achieved regardless of VMA by
making certain that the proper binder grade is
selected for a given application, and that the ag-
gregate blend contains sufficient fines relative to
the design VMA. Adequate fineness will also help
keep the permeability of in-place mixtures low. Al-
though some variability in VMA is inevitable dur-
ing field production, plant personnel should strive
to keep overall VMA levels close to design values.

Table 1.  Minimum Aggregate Fineness Requirements for Rut Resistance and Permeability.
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Governmental agencies including Federal, State and Local Agencies are all facing problems
with deteriorating or aging pavements.  Hot Mix Asphalt (HMA) pavements are particularly
sensitive to traffic loadings and changes in the environmental conditions over time.  Re-
searchers and pavement designers of HMA pavements both nationally and internationally are
studying the state-of-art in HMA in an attempt to determine the root causes of HMA pavement
deteriorations and develop solutions to improve the performance of the pavements.

Typical HMA distresses include cracking conditions that are classified as block, alligator,
longitudinal, transverse and thermal.  The Strategic Highway Research Program (SHRP)
made significant strides in addressing rutting and cracking through the development of new
and/or updated standards for the binders, aggregates and mixture design.  The types of
cracks addressed by SHRP can be initiated by various factors, but the consensus is that these
distresses initiate from the bottom of the pavement structure.

Top down cracking is another form of cracking that has been know for years but is now getting increased attention due to its’ severity.  These cracks
are initiated at the top of the pavement structure. Efforts are underway to identify and minimize the conditions that cause this type of cracking.   Figure
1 illustrates the crack starting at the top of a core from a highway in Japan.  Figure 2 and 3 are examples of pavements in very different environments
exhibiting the top down cracking phenomenon.

Top down cracking has been evaluated by researchers and practitioners in the United States and countries around the world including Australia,
Chile, Japan, Netherlands, United Kingdom and South Africa.  Researchers and practitioners including Tim Aschenbrener, Colorado DOT; Elisabete
Freitas, University of Minho, Portugal; Leslie Myers, FHWA; Ray Roque, University of Florida; Terhi Pellinen, Purdue University; Matt Witczak, Arizona
State; and others are immersed in the topic.  These researchers are looking at the problem from different aspects.  The studies have generally concluded
that top down cracking is caused by a combination of factors including increased point loading and changes in truck tire types and sizes, which cause
loads that can exceed the tensile strength of the surface to resist the loading.

Construction activities have also been identified as one source of top down cracking that is typically observed after the pavement is open to traffic. This
type of distress is generally agreed to be the result of reduced tensile strengths in the pavement caused by the placement of non-uniform materials
(segregated) and is directly related to the automatic pavers being used.  For example, Colorado found areas of segregation in pavement layers that lined up
with the edges of slat conveyors and under the center gearbox on the pavers used to place the material.  This relationship between the paver and the pavement
is shown in Figure 4.  These segregated areas were typically not visible on the surface.  Figure 3 from Indiana also clearly shows the longitudinal cracks are
at fixed distances from the edge of the mat.  These cracks would correspond to the edges of the slat conveyor and the center of the paver.

With the assistance of various paver manufactur-
ers, retrofit design kits have been developed or the
equipment has been re-designed to reduce this seg-
regation.  The states of Pennsylvania, Ohio, Illinois,
Colorado, and now Indiana, have all implemented
construction specifications to require paver modifi-
cations prior to initiating paving operations.  Retro-
fitting the paving equipment is not a substitute for
the contractors’ practicing good materials manage-
ment and is not 100% guaranteed to eliminate all of
the cracking, but retrofits are reasonable steps con-
sidering the investments being made in hot mix as-
phalt across the country and around the world.  Cop-
ies of the referenced specifications can be requested
from the noted states.

TOP DOWN CRACKING
 Victor (Lee) Gallivan, Pavement and Materials Engineer, FHWA

Figure 1.  Cored section from highway in Japan
showing crack initiation at the surface.

Figure 2.  US-77 in Texas
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 Figure 3.  SR-75 in Northern Indiana

Figure 4.  The relationship between the paver and the longitudinal cracks in the
pavement.

Other causes of top down cracking relate to
the incomplete or improper application of tack
coats on the substrate, which can result in a weak-
ened plane and reduced ability to resist the
stresses.  Applications of tack coats generally
are not a high priority with agencies, but con-
struction procedures and application materials
should be reevaluated in light of the top down
cracking attributes.

The National Cooperative Highway Research
Program (NCHRP) Project 1-42 is also evaluat-
ing Top Down Fatigue Cracking of Hot Mix As-
phalt Layers.  The study is not complete yet, but
the work has “indicated that environmental con-
ditions, tire-pavement interaction, mixture char-
acteristics, pavement structure, and construction
practices are among the factors that influence
the occurrence of this cracking.”  The study is
charged with the development of guidance for
pavement engineers when designing HMA pave-
ments.

A lot of work has been and is currently being
done on addressing the HMA pavement distress
classified as Top Down Cracking.  So stay tuned
for more… .



1 0

Through a series of meetings sponsored by the National Asphalt Pavement Association
(NAPA) and the Federal Highway Administration (FHWA), states, contractors and mate-
rials suppliers from across the country have been sharing their experiences with hot mix
asphalt.  The day-long meetings have been held in conjunction with the asphalt user
producer groups.

The overall goal of the meetings is to share information about the current state of the
practice in hot mix asphalt.  The groups are exploring what is working and what still needs
to be improved in HMA.  What changes have been made?  What more needs to be changed?
When problems have developed, how have they been addressed?  The status of Superpave
implementation is also a topic, but not the main focus of the meetings.  The ultimate
mission of these workshops is to develop a best practices document for HMA and Superpave.

The first workshops were held in October 2004 in the Northeast and Southeast.  The
North Central workshop occurred in January, and the final workshop is with the Rocky
Mountain group in April.

Participants have reported that they hope to learn from others in their region, discuss
common problems, work towards convergence among the states, achieve consistency, and
examine regional and national issues.  The overall goal has been to produce better mixes to
yield better pavement performance.

Wide-ranging topics discussed at the meetings include aggregates, binders, construc-
tion, trucking, QC/QA and mix design.

Through the discussions, some common concerns have been raised, though there have
been differences between the regions.  Durability of Superpave mixes is one concern;
several states expressed concern that binder contents for some mixes may be too low.
Availability and processing of aggregates to meet tight tolerances was also an issue in some
areas.  Variability of aggregate properties was mentioned as one issue with an impact on
mixture volumetrics.  Most of the issues raised are perennial issues that are not unique to
Superpave, but the changes brought about with the implementation of Superpave and wider
use of QC/QA specifications have focused attention on the issues.

A common theme was that the agencies and industry almost unanimously stated that
they know their materials much better than ever before.  There is more attention to detail
throughout the process.  Some of the early issues related to Superpave, such as difficulty
attaining compaction and dealing with the tender zone, have largely been resolved.  Con-
tractors have learned what types of rollers, roller patterns and temperatures work with their
mixes.  States have adjusted lift thicknesses to help ensure compaction can be achieved and
permeability can be controlled.  Bottom line—we know more about our mixes and what
affects them than ever before and this is having a positive effect on pavement performance.

RAP usage varies across the country, but overall states and contractors are increasing
their use of RAP.  In some areas of the country, RAP usage is at or approaching pre-
Superpave levels.  Several states that had limited experience with RAP in the past are now
looking at increasing its use.

Training and communication were cited as important factors in getting a quality product.

Following the final meeting, a document will be prepared that summarizes the experi-
ences reported in these workshops and recommends best practices that can be used to
ensure high quality HMA pavements are produced.  The report should be available from
NAPA and FHWA this summer.

Agencies and Industry Share
Experiences, Best Practices

The Asphalt Pavement Alliance and Purdue Univer-
sity will sponsor a symposium on quiet asphalt pave-
ment technology on November 1-3, 2005, in
Lafayette, Indiana.  The symposium will be hosted
by the Institute for Safe, Quiet and Durable High-
ways at Purdue University. The symposium will be-
gin at noon on November 1st and end mid-afternoon
on November 3rd at the Holiday Inn Select in down-
town Lafayette.  The Holiday Inn Select is located
amid a variety of restaurants, shops and historical
sites.  There is easy access from the hotel to Purdue
University by automobile, trolley service or walking.

The symposium will include approximately
twenty (20) hours of lectures, demonstrations and
panel discussions, as well as tours of the facilities of
the Institute for Safe, Quiet and Durable Highways
and the North Central Superpave Center at Purdue
University, and social events.  Demonstrations  of
realistic listening experiences comparing pavements
are planned. The quiet asphalt pavements topics to
be addressed include surveys of NCAT data col-
lected around the U.S., European scanning tour re-
sults as well as design and construction methods
for various quiet asphalt pavement options.  Quiet
pavement topics will be augmented by basic discus-
sions of the fundamentals of tire/pavement noise,
noise policy issues, noise terminology, noise mea-
surement and exercises such as audio demonstra-
tions of pavement noise perception.

Detailed information will be available on the SQDH
Institute web site at http://widget.ecn.purdue.edu/
~sqdh/.
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Virginia Freeman, Purdue University,
The Ray W. Herrick Laboratories
West Lafayette, Indiana 47907
Phone:  765/494-6078
herlconf@ecn.purdue.edu.

November 1-3, 2005
Holiday Inn Select, Lafayette, IN

Rebecca S. McDaniel, North Central Superpave Center

A Tire/Pavement Noise
Symposium:
Quiet Asphalt 2005


