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Foreword

This book represents the proceedings of the conference on Vehicle, Tire, Pavement Inter-
face sponsored by ASTM Committee E-17 on Pavement Management Technologies. The con-
ference was held in Santa Barbara, CA on October 28, 1990. John J. Henry and James C.
Wambold were chairmen of the conference and are coeditors of this publication.
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Overview

The vehicle and tire meet the pavement at the vehicle-tire-pavement interface. Successful
and safe travel by land transportation over pavement or rail and by air transportation as it
relates to taxiways and runways is fundamental to a country’s economy. In this age of spe-
cialization, many separate groups from the highway, rail, vehicle, structures, and other com-
munities are studying elements of the vehicle-tire-pavement interface, but true system designs
are not being developed. In recent years there has been a shift toward a multidisciplinary
approach in research, with each member of the research team contributing his or her expertise
to the solution of a given problem. Representatives of the vehicle, tire, and pavement fields
agree that coordination of their research and technologies is essential for successful and effi-
cient design and operation of the transportation system.

This Special Technical Publication (STP) has been published as a result of the October 1990
Engineering Foundation Conference on the Vehicle-Tire-Pavement Interface, held in Santa
Barbara, California, in an effort to provide a means for members with expertise in the various
fields to share the state of the art in their own fields and to witness the potential benefits of
collaboration. The cooperation of such organizations as the American Society for Testing and
Materials, the Permanent International Association of Road Congresses, the Transportation
Research Board, and the Federal Highway Administration led to the organization of this
conference.

This volume serves as a record of the conference and makes papers available to a broader
public. The 11 papers in this volume are presented in the order in which they were presented
at the conference: experimental studies of full-scale systems, ride quality, trade-off analysis
between vehicle and way, pavement-induced vehicle wear, traction, and the effect of vehicle
dynamics on the design of structures. In some of these subject areas, much attention was
focused on the increasing amount of truck traffic and its effects on the nation’s highways.

Analytic Methods for Vehicle-Structure Problems
The Use of Semi-Active Suspension to Reduce Pavement Damage— Hedrick

The importance of semi-active suspension was discussed relative to the question, “Should
suspensions be developed to reduce dynamic loads or should smoother pavements be
designed?” Based on the results of computer modeling in one study, semi-active suspensions
have the potential to reduce pavement damage by significantly reducing dynamic loads.
Reducing road roughness and improving tire design (for traction, low wear, and low noise)
and suspension (good handling and low pavement loading) are two areas noted for future
investigation in addition to laboratory and field testing.

Experimental Studies of Full-Scale Systems
Roughness Effects on Vehicle-Pavement Interactions— Hegmon

This paper offers a brief overview of problems caused by road roughness and the extensive
work done over the years to understand and alleviate the effects of road roughness, with the
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major portion dealing with current work in the FHWA laboratory, the equipment and meth-
ods used, and the expected results. The objective of this study was to decrease pavement dam-
age and therefore increase pavement life. Current research emphasis is on ways for increasing
pavement life through a reduction of pavement damage by heavy truck traffic, and coopera-
tion among the trucking industry, manufacturers, and users is necessary to arrive at the least
damaging combination of trucks and highways. Pavement surface characteristics can certainly
affect the highway user. While roughness per se is undesirable, other micro- and macrotextures
are needed for good skid resistance on wet pavements. Interactions among rough pavements
and heavy trucks, field and laboratory measurements, and computer simulations to predict
the interaction forces are discussed as well. This research is leading to a better understanding
of the dynamic interactions between heavy trucks and pavements and the detrimental effects
of the factors involved.

Ride Quality
An Examination of the Spectral Characteristics of Longitudinal Highway Profiles— Hayhoe

Pavement profiles typically contain pulse-like disturbances that are hypothesized to have a
significant effect on the perceived ride quality of the pavement. In the study reported in this
paper, pavement profiles were compared to subjective ratings of ride quality in an effort to
explain anomalies in the relationship between ride quality and profile characteristics. The rela-
tionship between the two measures is obtained from a panel rating study in the form of a
regression equation giving the best statistical fit between the two measures. The roughness
measures that give the best fit do not have clear physical interpretation in terms of the usually
accepted characteristics describing the response of human subjects to vibration.

Trade-Off Analysis Between Vehicle and Way
Pavement Damage as Related to Tires, Pressures, Axle Loads, and Configurations—Sebaaly

The performance of highway pavements is directly related to the magnitude and frequency
of the applied load. The way in which traffic loads are transferred to the pavement surface and
to the entire pavement structure is controlled by the tire-pavement interaction mechanism.
Tire inflation pressure, tire type, axle load, and axle configuration all affect the response of
asphalt concrete (flexible) pavements. But which of these factors has the greatest influence on
pavement response? Prediction models in theoretical analyses are often used to try to identify
the critical factor or factors. In situ instrumentation of pavements provides a means to monitor
the response of a pavement when subjected to various combinations of these factors.

Pavement-Induced Vehicle Wear

Dynamic Force Measurement Vehicle (DFMV) and its Application to Measuring and
Monitoring Road Roughness—Ashmore

Different road roughness measurement systems are in use worldwide, systems that measure
the profile directly and systems that measure vehicle response to road roughness. The DFMV
fits into the first category but is unique because it uses force-motion measurements made at
each axle end to define the terrain elevation, while the majority of profilometers use motion
measurements only. The DFMYV is a multipurpose test vehicle that has been used for several
terrain, tire, and suspension studies, and one of its functions is to measure terrain elevation
profiles. The DFMV was designed for off-highway profiling, so that long sections of rough
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durability test courses could be profiled within a day. A wave-number spectrum proved to be
an efficient and accurate technique for presenting long sections of various terrain types, includ-
ing paved roads and off-highway durability test courses.

The DFMYV measures the dynamic vertical, longitudinal, and side forces at the tire/ground
interface at four individual wheel ends. The life of a vehicle can be accelerated by up to 20 to
1 by selecting a test course environment that is slightly rougher than the cross-country terrain.
Two measurements are needed to describe completely the operating environment of the vehi-
cle system from a fatigue standpoint, the terrain and the material fatigue curves showing the
number of cycles versus stress for each material type in the vehicle. DFMV methodology is an
accurate and established profile technique that can be used to measure and monitor test course
severity and represents a meaningful step toward defining the life-cycle requirements of a par-
ticular type of vehicle.

Vehicle Damage Induced by Road Surface Roughness—Poelman

An experiment was conducted to determine surface roughness effects, as measured by a
response-type meter, on vehicle suspension. Results suggest that greatly accelerated vehicle
suspension fatigue damage occurs on road surfaces with measured road roughness less than
1.5 on a pavement serviceability index (PSI) scale. The important implication of this result is
that vehicle manufacturers should be aware of how their vehicles are used in the real world
and they should design vehicles that can accept road load input from roads with a 1.5 PSI
rating or less. Also, when determining maintenance and resurfacing schedules, road planners
should be aware of the point at which the operator may experience significant vehicle damage.
Ifroad surfaces deteriorate to less than 1.5, then operators will begin to have accelerated vehi-
cle durability problems.

Traction
Measurement and Modeling of Truck Tire Traction Characteristics— Kulakowski

Braking performance of trucks is a critical element of highway safety. One of the most
important variables affecting the braking performance of trucks is the frictional force devel-
oped between the truck tire and the road surface when brakes are applied. The frictional force,
tire traction, depends on variables representing both the vehicle and the pavement surface
characteristics. Tire traction characteristics are determined by forces generated at the tire-
pavement interface as a result of driving, steering, and braking actions applied to the vehicle.
The objective of this research was to measure the frictional forces for different trucks on dif-
ferent pavements under various speed and tire vertical load conditions during braking as well
as combined braking and cornering maneuvers. The results were then used in an attempt to
derive regression models representing tire traction parameters as functions of vehicle and
pavement variables. Emphasis was placed on the significance of field tests versus laboratory
and computer simulation because the results of field tests reflect all elements of the actual
system.

A Review of Tire Traction— Williams

Road safety under wet conditions remains a major area of concern. It is an accepted fact
that the risk being involved in a wet-weather accident increases with decreasing tread depth.
This paper includes a review of the practical knowledge of tire-to-road friction relative to the
tire tread pattern, tread compound, and road surface condition. Also discussed is the influence
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on tire wet roadhold performance of unevenly worn tires versus normally reported evenly
worn tire conditions. Results for truck tires as well as car tires are discussed, and the author
suggests that continued improvements in new tire wet roadhold performance will only
increase the difference between the new tire and the tire worn to the legal minimum tread
depth. It is recommended that the difference between new and worn tires be reduced by
increasing the minimum legal tread depth or by designing a constant performance tire.

Structures

The effects of vehicle dynamics on structures are discussed from three perspectives: histor-
ical, experimental, and practical (observational).

Past and Future Analysis of Moving Dynamic Loads on Structures—Scheffey

This paper presents a history of the problem of dealing with the effects of moving loads on
a bridge. In recent years, better dynamic instrumentation has produced a resurgence of full-
scale studies of highway, rail, and rapid transit bridges. The importance of tire and suspension
system characteristics for pavement and safety problems has made some accurate data on
these elements available. The author hopes to stimulate a broad perspective on the dynamic
problems of all types of bridges and transportation structures.

Impact Factors for Highway Bridges—Gangarao

The problem of bridge vibrations due to moving truck loads has been under way for some
time. This paper presents a critical review of the literature on impact or dynamic allowance
factors and suggests modifications to the impact factor in the current AASHTO specifications
for highway bridges by properly accounting for dominant bridge parameters other than span
length. Impact values were found to be less than AASHTO’s maximum value.

Structural Implications of Poor Bridge Surface Performance—Yanev

Specific to metropolitan New York City bridges, the NYC DOT Bridge Bureau inspected
bridges under their responsibility and found that 42% needed complete rehabilitation. The
remaining 58% need considerable structural repairs in order to avoid the need for premature
rebuilding of that portion as well. A further step is the identification of structural components
requiring repair or replacement and the optimal frequency of such measures. A program of
rehabilitation is expected to result from this study. The elimination of certain problem-prone
structural components from future design can be considered as well. Ultimately, schedules for
timely repairs can be generated in order to extend the useful life of a bridge. The following
structural components emerged as the primary sources of problems on most of the bridges:
joints, drainage, and wearing surface (deck). No other bridge component other than joints
deteriorates faster. In all these cases, problems originate at the roadway surface and rapidly
propagate throughout the structure. The progress of this path of rapid deterioration is traced
for several bridge types frequently encountered in New York. Measures used with varying lev-
els of success in the elimination of the surface and structural deficiencies are described.
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