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1. Bridge, Culvert and Tunnel Design and Performance

01-0378 “Development of Two TL-2 Bridge Railings and Transitions for Use on
Transverse Glue-Laminated Deck Bridges”

The Midwest Roadside Safety Facility, in cooperation with the U.S. Department of Agriculture
Forest Service, Forest Products Laboratory and the Federal Highway Administration, designed
two bridge railing and approach guardrail transition systems for use on transverse glue-laminated
timber deck bridges. The bridge railing and transition systems were developed and crash tested
for use on medium service level roadways and evaluated according to the Test Level 2 (TL-2)
safety performance criteria provided in the National Cooperative Highway Research Program
(NCHRP) Report No. 350, Recommended Procedures for the Safety Performance Evaluation of
Highway Features. The first railing system was constructed using steel hardware, while the
second railing system was built using glulam timber components. Four full-scale crash tests were
performed, and the bridge railing and transition systems were determined to be acceptable
according to the current safety standards in NCHRP Report No. 350.

Ronald K. Faller, Barry T. Rosson, Eric A. Keller, University of Nebraska-Lincoln, Midwest
Roadside Safety Facility, 1901 Y St., Bldg. C, Lincoln NE 68588-0601, 402-472-6864, Fax:
402-472-0506, rfaller1@unl.edu; Michael A. Ritter, USDA Forest Service; and Sheila R.
Duwadi, Federal Highway Administration.
01-0436 “Effective Use of Public Involvement in Aesthetic Quality of Bridge Design”
This Author relates his personal experience as the project manager in the replacement of four
bridges in Columbus, Ohio that utilized public involvement to achieve aesthetic quality in the
bridge designs. This paper outlines the successful use of public involvement in the design
process by the Franklin County Engineer's office. Public involvement used as part of the design
process has yielded a string of award winning bridges for the Franklin County Engineer's office
and has added tremendous civic value to the community. The paper identifies the important
aspects of public involvement and outlines the design process used and the efforts required by
the County Engineer's office for the replacement of urban bridges having historical significance
or civic importance. It also illustrates how engineers are able to maintain control of their projects
throughout the design process.

Mark D. Sherman, Franklin County Engineers, Ohio, Franklin County Engineer's Office, 970
Dublin Road, Columbus OH 43215, 614-462-3021, Fax: 614-487-0302,
MSherman@fceo.co.Franklin.oh.us.
01-2754 “Use of Virtual Reality Images to Aid Public Involvement in Appearance of Roads
and Bridges”

The UK Highways Agency have just completed a research project into the viability of using
Virtual Reality technology to help communicate information about proposed new roads and
bridges to the public, and to encourage their involvement in the design and appearance of roads
and bridges. This paper considers primarily the bridge aspects. In the past there was a tendency
to consult the public in two stages. Initially they were consulted conceptually about the route,
with little detail about any major structures. Then a few years later they would be shown an
artists perspective of the bridge, often out of context, and road layout plans of the route. A
physical model emphasized psychologically that it was probably too late to change very much.
This neither contributed to the elegance of the bridge nor particularly encouraged local support
for the project. Using Virtual reality, the visual effects of a road or bridge in the specific location
can be known at the very earliest stage. later, with high quality images, local people, as well as
1
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the designers, can make real choices between viable structural options and can see the effect of
different materials in the real context. The result will be more beautiful bridges, which because
of public involvement and support, will be built sooner and without public objection. The
Highways Agency is in the process of trialling this new approach.

Jon J. Wallsgrove, United Kingdom Highways Agency, 3/36 St Christopher House, Southwark
Street, London SE1 0TE, United Kingdom, Tel: 01144 020 7921 4547, Fax: 01144 020 7921
4631, jon.wallsgrove@highways.gsi.gov.uk; and Richard Barlow, University of Reading,
United Kingdom
01-2801 “Fatigue Assessment of Traffic Signal Mast Arms Based on Field Test Data Under
Natural Wind Gusts”

In recent years, several states including Missouri, Wyoming, California, Texas, etc. experienced
fracture failures of signal mast arms. Almost all the failures are associated with the propagation
of defects or cracks. It is therefore imperative to evaluate existing mast arms using a simple yet
accurate procedure. In this paper, a statistical methodology is proposed to predict the fatigue life
of signal mast arm structures based on field measured strain data. The annual occurrence of
various stress levels is determined using the historical wind speed data in the vicinity of a mast
arm structure and the strain readings of the structure under specific wind gusts. For each stress
level, the crack initiation and propagation lives are estimated with the strain-life approach and
the Paris crack growth rate model. They are combined to account for variable stresses by means

of the Miner's rule and the Root-Mean-Square model, respectively. The stress concentration
factor around the arm-post connection is determined using a finite element model. The
parameters in the life prediction models are determined with the ASTM Standard flat tension and
compact tension tests. The proposed methodology has been applied to a 12.8-meter-long (42 ft),
octagonal arm and a 16.5-meter-long (54 ft), circular mast arm in Missouri. It is concluded that
two signal structures will not crack under natural wind gusts in their service life. However, the
16.5-meter-long arm is likely vulnerable to the development of a crack while the 12.8-meter-long
arm is safe unless a visible crack is developed.

Genda Chen, Jingning Wu, Yu Jiaqing, Lokeswarappa R. Dharani, University of Missouri,
Rolla, 307 Butler-Carlton Civil Engineering Hall, 1870 Miner Circle, Rolla MO 65409-0030, 573
341-4462, Fax: 573 341-4729, gchen@umr.edu; and Michael G. Baker, University of Missouri,
Columbia.
01-3016 “Long-Term Durability of Structural Composite Lumber in Bridge Applications”
Structural Composite Lumber (SCL) is a family of newly engineered wood products finding
increasing use in highway bridge applications. The advantages of SCL are high strength,
flexibility of sizes and shapes, stiffness and excellent treatability with preservatives. One of the
main concerns in SCL bridge applications is the effect of moisture, exposure to ultraviolet light
and varying temperature/humidity effects on the long-term durability of the bridge members. In
order to document these effects, monitoring of full scale SCL T-beam bridge members was
performed under ambient conditions and accelerated aging process. A total of 16 beams were
monitored under exposed weather conditions with frequent wetting and drying. Variables in the
experiment were: lumber type (Douglas Fir and Southern Yellow Pine), SCL type (LVL and
PSL), and preservative type (CCA and Penta). The moisture content of the SCL, ambient
temperature, humidity and the general condition of the beams were monitored. The experiment
concluded with the determination of an applicable SCL member for bridge applications.
2
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Nur Yazdani and Eric C. Johnson, Florida A&M University - Florida State University, College
of Engineering, 2525 Pottsdamer St., Tallahassee FL 32310-6046, 850-410-6125, Fax: 850-
410-6659, yazdani@eng.fsu.edu.
01-3384 “Ultrasonic Inspection of a Glued Laminated Timber Fabricated with Defects”
The Federal Highway Administration (FHWA) set up a validation test to compare the
effectiveness of various nondestructive inspection techniques for detecting artificial defects in
glulam members. The validation test consisted of a glulam beam fabricated with artificial defects
known to FHWA personnel but not originally known to the scientists performing the validation
tests. Ultrasonic inspection was effective for identifying voids within the glulam beam. The
glulam was inspected across the width and through the depth. The inspections from each
direction were combined to accurately detect and locate artificial voids in three dimensions.
Wave travel time allowed identification of some of the voids, but signal amplitude parameters,
such as RMS voltage and peak voltage, provided more precise location of the voids. The three-

dimensional image provided valuable insight into the internal condition of the glulam. However,
through-the-width inspection was able to locate voids in two dimensions along the length and
depth of the glulam. For a field inspection, two-dimensional location of decay would provide
sufficient information for judgments to be made on the future of the inspected specimen.

Robert N. Emerson, Oklahoma State University, College of Engineering Architecture and
Technology, School of Civil and Environmental Engineering, 207 Engineering South, Stillwater
OK 74078-5033, 405-744-5259, Fax: 405-744-7554, emersrn@okstate.edu; David Pollock,
David I. McLean, Kenneth Fridley, Roy Pellerin, Washington State University; and Robert
Ross, USDA Forest Service.
01-0348 “High-Performance Concrete Bridges in Washington State”
The development of a superior and durable concrete capable of resisting environmental distress
has been the focus of bridge engineering for many years and resulted in the development of High
Performance Concrete (HPC). HPC is a concrete designed for a specific purpose, sometimes
possessing a high strength and modulus of elasticity, but more often, a high durability under
particular conditions of exposure. HPC has enhanced specific properties, such as workability,
durability, strength and dimensional stability, resulting in long lasting economical structures. The
durability of concrete is important because it determines the service life of the structures. HPC is
a durable concrete, capable of resisting chloride diffusion and other environmental distress and
has been increasingly used in bridge structures. Mineral pozzolanic admixtures have been
incorporated into the BIPC mixes to increase concrete resistance to environmental distress. The

chloride-induced corrosion can cause significant deterioration of concrete structures, resulting in
costly repairs. This project helped the Washington State Department of Transportation
(WSDOT) to better understand the performance of concrete bridges and factors affecting the
durability of concrete. It focuses on the influence of mineral admixtures, entrained-air and curing
on the durability of high performance concrete.

Chuck Prussack, Central Pre-Mix Prestress Co.; David Jones, and Bijan Khaleghi,
Washington State Department of Transportation, Bridge & Structures Office, P.O. Box 47340,
Olympia WA 98504, 360-705-7181, Fax: 360-705-6814, khalegb@WSDOT.gov.
01-0400 “Repair and Strengthening of Concrete Structures Through Application of
Corrective Posttensioning Forces with Shape Memory Alloys”

Shape memory alloys recover deformations induced at lower temperatures upon heating above a
transformation temperature; restraint of this shape recovery generates relatively large stresses.
These stresses are used here to transfer corrective forces to structural systems for strengthening
3
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and repair effects. For this purpose, shape memory rods are pre-elongated, anchored to the
structure, and subjected to electrical resistance heating to transfer corrective forces to the
structure. The project used iron-based shape memory alloys of relatively low cost; the alloy
composition was selected to yield relatively high and stable levels of restrained shape recovery
stresses. Laboratory tests verified the ability of pre-elongated rods anchored onto damaged
structural systems to restore structural integrity through application of corrective forces.
Subsequent damaging effects could also be overcome by electrical resistance re-heating of rods.
A reinforced concrete bridge structure with beams lacking sufficient shear strength at
longitudinal bar cut-off locations was selected for field demonstration of the technology. A
design methodology was developed and verified through laboratory tests simulating conditions
of the selected bridge structure. Subsequently, a detailed design was developed and the approach
was implemented under field conditions. Application of corrective (post-tensioning) forces to
structural systems using shape memory steel provides an efficient, rapid and convenient
approach for repair and strengthening of damaged or deficient structures. The relatively large
recoverable strains of shape memory alloys help reduce losses of post-tensioning forces. The
approach suits application to diverse structures for corrective and strengthening effects.

Parviz Soroushian, Michigan State University, Dept Civil & Environ Engrg, Room 3549 Engrg
Bldg, East Lansing MI 48824, 517-355-2216, Fax: 517-355-2216, soroushi@egr.msu.edu;
Ken Ostowari, Ali Nossoni, Habibur Chowdhury, DPD Inc.
01-0417 “Effect of HPC, LFRD, and Advanced Construction Methods”
The race for longer bridge span lengths with low initial costs continuously forces engineers to consider
innovative design and construction alternatives. This trend towards longer spans is driven by concerns
regarding safety (reduced number of supports piers), reduced maintenance costs of (elimination of deck
joints), etc. Traditionally, regular prestressed/precast concrete girders were not considered viable
alternatives in the 150 - 300 feet (30 to 90 meters) span range. Besides prohibiting girder/span ratios
(girders were too deep), many states have restrictions regarding the maximum length of and weights of
girders that can be transported on the highway system (usually not exceeding 130 feet (40 meters). In
response to these limitations, new construction techniques were developed by engineers, implementing
greater concrete strengths and alternative construction methodologies, allowing girders to be spliced. This
4

way, the girders may be fabricated and transported in sections, and spliced together at the job site. The
resulting structure, with continuity between adjacent spans provides further economies, and extends the
useful range of the bridge. The inherent benefits of prestressed/precast concrete, such as ease and speed of
construction, quality control through certification, maintenance, aesthetics, durability, etc., have provided
an excellent performance track record and a sustained growth during the last 50 years. Over the last 20
years, over 100 bridges have been constructed using precast spliced girder technology by champion states
that have shown acceptance like AL, CA, FL, KY, NE, OR, PA, TX, WV and WA. The effects on span
capability using material variations, design optimization, and alternative construction methods using
splice girders has been researched and presented for high performance/high strength concrete (HSC) up to
10 ksi. A correlation between live load models using the LRFD (HL-93) and AASHTO standard HS20
and HS25 including FWS provisions is also presented. The construction method using splice girder
technology is described and a numerical example is given for a two stage design process utilizing post-
tensioning and HSC. This paper focuses on outlining some of the most cost-effective methods available
today to stretch out the span length coverage and construction options by exposing the advantages of
precast bridge girders and their new ability to comply with depth limitations and/or transportation limits.

Lee D. Tanase and David A. Tomley, LEAP Software, Inc., P.O. Box 16827, Tampa FL
33687-6827, 813-985-9170, Fax: 813-980-3642, lee@leapsoft.com.
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01-0420 “Field Investigation of High-Performance Concrete Bridge Decks in South
Carolina”

A high performance concrete (HPC) mixture has been used on several bridge construction
projects in the upstate region of South Carolina. The majority of these bridge decks, although not
all, have experienced problems with early-age cracking occurring both before being opened to
traffic and immediately thereafter. The cracking exhibited in these bridge decks presents a
significant obstacle to the wide-spread adoption of high performance concrete materials for
bridges in South Carolina. In an effort to determine likely causes of cracking experienced in
these concrete bridge decks, sight inspections of nine bridges in the Greenville/Spartanburg, SC
area and a thorough review of construction documentation from three of these sites was carried
out. Additionally, a review of the SCDOT Concrete Specifications was conducted. It is
concluded that observed cracking has two likely causes. Early-age shrinkage cracking resulted

from a “rich” concrete mixture combined with poor curing practices. Load induced cracking,
appearing shortly after the spans were open to traffic may result from the relatively stiff decks
being placed on more flexible bridge superstructures. An improved on site quality control/quality
assurance is recommended for all aspects of mixing, placing and curing when high performance
concrete is used. It is also recommended to develop a more appropriate high performance
concrete mix design for use in bridge decks. Such a concrete mix will have enhanced durability
characteristics and should not be a high strength mix. The FHWA parameter characterization has
to be adopted for the specification of high performance concrete mixes.

Michael F. Petrou, Kent A. Harris, University of South Carolina, Dept. of Civil &
Environmental Engrg, 300 Main Street, Columbia SC 29208, 803-777-7521, Fax: 803-777-
0670, petrou@engr.sc.edu; and Gerald E. Schroeder, Federal Highway Administration.
01-0132 “Superstructure Flexibility and Disintegration of Reinforced Concrete Deck
Slabs: LRFD Perspective”

This paper examines the new deflection criteria of the AASHTO LRFD Bridge Design
Specifications with respect to its potential impact on the serviceability and long-term integrity of
deck-type highway bridges. This examination suggests that if the intent of this new criteria is
implemented, the effective service life of reinforced concrete deck slabs may in some areas of
the country become considerably less than 250,000 hours (30 years). Today, this is the age by
which many deck slabs have disintegrated to the extent that they must be funded and
programmed for replacement. Based on this examination, this paper urges that long-term
superstructure flexibility research on aging reinforced concrete deck slabs be accomplished so
that specification changes and bridge characteristics can be based on known consequences.
Otherwise, unwary transportation administrators who adopt LRFD recommendations and

abandon live load deflection limitations may find themselves owners of defective bridges that
may have to be replaced rather than just being re-decked.

Martin P. Burke Jr., Burgess & Niple Limited, 5085 Reed Road, Columbus OH 43220, 614-
459-2050, Fax: 614-451-1385, mburke@burnip.com.
01-0421 “Retrofitting to Correct Uplift of Curved Girder Bridge Through Field Testing
and Analysis”

The Ramp C Bridge, at the New York State Thruway interchange with I-287 and New York
State Route 17 in Rockland County near the New Jersey state line, is a continuous four-span
bridge with a reverse horizontal curve alignment. It consists of five steel girders with radial
abutments and skewed pier supports (61°). During construction immediately after the girders
5
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were erected and the counter weights were poured, at low temperatures, it experienced
unanticipated girder uplift at one corner of an end span. Physical testing and analysis were
undertaken to investigate this behavior and to estimate the uplift forces. The data were used to
design a tie-down system to correct the uplift problem, thus avoiding delays in opening the
bridge to traffic.

Sreenivas Alampalli, New York State Department of Transportation, 1220 Washington
Avenue, MC 0869, FA/600, Albany NY 12232-0869, 518-457-5826, Fax: 518-457-7535,
salampalli@gw.dot.state.ny.us; and Thomas Morreale, HDR Engineering, Inc.
01-0467 “Health-Monitoring of Ironton-Russell Bridge for Rating Purposes”
The Ironton-Russell truss bridge spanning the Ohio River between the cities of Ironton, Ohio and
Russell, Kentucky consists of a 3-span cantilever through truss, with a suspended truss in the
center span, and a fourth span that is essentially a simple span through truss. Visual inspections
of this bridge revealed that recent welded repairs and modifications to various truss members
reduced their fatigue classification as well as modified original design and construction details.
When the visual inspection team identified these details along with section loss at certain truss
verticals and diagonals, it was their recommendation to reduce the allowable load on the bridge
from 23.4 tons to 3 tons. However, a 3-ton load limit would hinder the transportation of heavy
materials across the bridge and therefore have a severe impact on the local economy.

Consequently, a series of nondestructive field tests were organized and performed on the bridge
to provide better assessments of load capacity and in-situ structural health. Controlled truck-load
tests involving resistance-based strain gages were conducted and an instrumented monitor
utilizing low-speed (vibrating wire) strain gages was installed at the site. The respective data
recorded during these field efforts was used not only to evaluate environmental effects on the
bridge, but also to compute the load-rating for each of the instrumented members. Resulting
objective-based load-ratings and their corresponding allowable live loads greatly exceeded the
recommended 3-ton load limit. Essentially, objective data identified/characterized in-situ
structural mechanisms and therefore provided the basis for more sound and realistic load-ratings.

Michael S. Lenett, Victor Hunt, Arthur J. Helmicki, and Ahmet Turer, University of
Cincinnati, Dept. of Civil & Envir. Engrg., 741 Baldwin Hall, Mail Location 71, Cincinnati OH
45221-0071, 513 556 3679, Fax: 513 556 2599, michael.s.lenett@uc.edu.
01-2244 “Load Distribution for Heavy Equipment Transporter System”
The objective of this study was to determine the load effects of a loaded military heavy
equipment transporter system (HETS) on typical highway bridges. The maximum moments due
to this nine axle, 1009 kN (HETS) vehicle were compared to the design moments for typical
bridges. This comparison was later used to determine passability of the HETS vehicle on typical
bridges. Steel and prestressed concrete multi-beam bridges were of primary interest in this study.
Approximately 100 typical bridges were selected to encompass the majority of the multi-beam
type of bridges in the National Bridge Inventory (NBI). The bridge analysis program, SECAN,
was used to determine maximum moments produced by the HETS vehicle in these typical
6

bridges. These maximum moments were compared to the design moment assuming a HS20
design vehicle. In most cases the maximum moment resulting from the heavy equipment
transporter load was less than twenty percent greater than the design moment. In cases where it
was over twenty percent, the bridge was of uncommon dimensions and configuration. 

Clinton Woodward, John Minor, CAGE Dept., Box 30001, MSC-3CE, New Mexico State
Univ., Las Cruces, NM 88003, 505-646-3233, Fax: 505-646-6049, cwoodwar@nmsu.edu;
and Danton Bean, Parsons Brinckerhoff Inc.
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01-2262 “Passability Program for Highways”
New Mexico State University (NMSU) was contracted by the Department of Defense via the
Military Traffic Management Command Transportation Engineering Agency (MTMCTEA)
through the Federal Highway Administration and the New Mexico State Highway and
Transportation Department (NMSHTD) to study the impacts of the M1070/M1000 Heavy
Equipment Transporter system (HETS) on public highway bridges. The goals of this project
were to determine the potential effect of the HETS on public highway bridges and to develop a
method to evaluate passability of the HETS on the nation's bridges using the National Bridge
Inventory (NBI). The HETS is an army tactical vehicle that when used to transport the M1A1/A2
main battle tank has a gross vehicular weight of around 226,000 pounds which far exceeds the
typical highway limit of around 80,000 pounds. However, the HETS has nine axles and a wide

track on the trailer of 10.2 feet with four sets of dual tires per axle. A three pronged approach
was used to accomplish the goals of the project: 1) an analytical study of typical bridge types and
sizes to determine the effect of the loaded HETS compared to typical design vehicles; 2) field
tests to verify the results of the analytical study; and 3) development of a computer program that
would utilize the NBI to determine passability along a particular route. Analytical studies on
bridges indicated that the forces in an individual girder or beam for the loaded HETS near the
centerline of the bridge were, in general, no more than 20-30% greater than the design forces
even though the total weight of the HETS vehicle was considerably greater than the design
vehicle weight. The accuracy of the computer modeling techniques used in the analytical study
were verified by field tests. The maximum predicted analytical live load stresses were slightly
less than the maximum stresses from the measured strains for six of the tested bridges and within
3 percent in the other test. Six of the bridges could be crossed without exceeding the inventory
rating (a common measure of capacity which is close to the design load). A computer program,
BRGCKM, was developed using the above results to determine the passability of vehicles along
a particular route utilizing the data in the NBI. The program determines an equivalent HS loading
based on the maximum span as listed in the NBI and compares it to the operating rating as listed
in the NBI. For particular types of bridges, the results of the above study is used directly to
determine passability of the loaded HETS.

Clinton Woodward, John Minor, CAGE Dept., Box 30001, MSC-3CE, New Mexico State
Univ., Las Cruces, NM 88003, 505-646-3233, Fax: 505-646-6049, cwoodwar@nmsu.edu.
01-2900 “Issues of Capacity Rating of Bridges from Field Measurement”
The paper discussed the principles of proof and diagnostic load tests for capacity evaluation. The
rating formulas for both tests were presented. The rating factors calculated from measured live
load moment, girder distribution factor (GDF), and linear extrapolation are proven the same, and
are upper bounds in nature. The difference between load distribution factor (LDF) and girder
distribution factor (GDF) was explained. A case study is conducted to clarify the discussions.
The results indicate that the measured LDF, though calculated from measured strains, cannot
fully reflect the capacity conditions of field bridges. It reflects only the relative load distribution
among the girders.

Chun S. Cai, Kansas State University, Department of Civil Engineering, 2118 Fiedler Hall,
Manhattan KS 66506, 785-532-2468, Fax: 785-532-7717, stevecscai@cs.com; and Moshen
A. Shahawy, Florida Department of transportation.
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01-2923 “Field Performance of High-Performance Steel Bridge: Dodge Street over I-480
Bridge in Omaha, Nebraska”

As a result of a cooperative research program between the Federal Highway Administration
(FHWA), the U.S. Navy and the American Iron and Steel Institute (AISI) High Performance
Steel (HPS) with 70 (HPS-70W) and 100 ksi (HPS-100W) yield strengths was developed.
During the past three years, several bridges in the U.S. have utilized this new grade of steel. One
of the major bridges to use HPS-70W steel is the Dodge Street over I-480 bridge located in
Omaha, Nebraska. This bridge was constructed using the stage construction approach where one
half of the bridge is constructed while the other half is open to traffic. This bridge was heavily

instrumented and monitored to comprehend the behavior of the bridge during and after
construction. This paper provides an overview of the instrumentation plan, results to date and a
summary of the live load tests that have been carried out. The paper also outlines the additional
work that will be conducted.

Atorod Azizinamini, University of Nebraska – Lincoln, W348 Nebraska Hall, Civil Engineering
Department, PO Box 880528, Lincoln NE 68588-0528, 402-472-5106, Fax: 402-472-6658,
aazizi@unl.edu.
01-3297 “Diagnostic and In-Service Testing of Transit Railway Bridge”
The paper presents the results of a diagnostic load test and in-service monitoring of a steel
through girder bridge. The bridge currently has a low load rating that is controlled by the flexural
capacity of the steel deck trough. The diagnostic load test was conducted using the regularly
scheduled transit trains, without any interruption to the daily service. A total of sixteen strain
transducers were mounted to the bridge girders and trough; five dynamic train passes were
recorded. The largest tensile and compressive stresses recorded in the edge girder were 33.5 MPa
(4.86 ksi) and 23.4 MPa (3.39 ksi), respectively; the largest tensile and compressive stresses in
the deck trough were 25.9 MPa (3.75 ksi) and 27.9 MPa (4.05 ksi), respectively. The test results

showed the effective width of the deck trough to be 2.89 m (9.5 feet) for a single axle and 5.19 m
(17 feet) for a 2.74 m (9-foot) spaced axle pair. An in-service monitoring system was also placed
on the bridge to record the stress cycles experienced by the bridge over a one week period.
During the in-service monitoring period, 163 trains crossed the bridge with an associated 1456
axles. The mean peak tensile stress in the deck trough due to locomotives crossing the bridge
was 26 MPa (3.78 ksi) with a standard deviation of 1.8 MPa (0.26 ksi). The tests results are
expected to result in a higher load rating for the bridge and consequently, a lifting of the current
speed restriction.

Michael J. Chajes, Harry W. Stenton III, University of Delaware, Department of Civil and
Environmental Engineering, 360C Dupont Hall, Newark DE 19716, 302-831-6056, Fax: 302-
831-3640, chajes@ce.ude.edu; and William W. Finch, Jr., Structural Testing, Inc.

2. Construction: General
01-0364 “Derivation of Equation for Cost of Premature Pavement Failure”
With the continuing interest in performance-related specifications, and the development of
software packages to compute the appropriate level of payment associated with variable levels of
quality, there is need for a simple, easily understood method to validate the output of these
computer programs. A standard validation procedure is to create realistic hypothetical cases that
can readily be calculated by hand, and then compare the results to the output of the procedure
under test. An equation is derived that can serve two extremely useful purposes; it can be used as
8
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a validation tool for software currently under development, or it can be used directly to establish
pay schedules that award payment appropriate for the level of quality received.

Richard M. Weed, New Jersey Department of Transportation, PO Box 600, 1035 Parkway
Avenue, Trenton NJ 08625-0600, 609-530-5970, Fax: 609-530-5972,
richardweed@dot.state.nj.us.

given using collected field data from hot-mix asphalt construction projects. This paper will
benefit State Highway Agencies and contractors by providing an understanding of the statistical
concepts involved with split-sample and independent-sample comparison procedures, and what
information an agency needs in order to determine if a contractor’s overall test results are
accurate. The concepts and procedures in this paper can be applied to all areas of highway
construction involving split-sample and independent-sample verification tests, such as base
materials, concrete structures and pavements, and hot-mix asphalt pavements.

Robert L. Schmitt, University of Wisconsin, Platteville, 1 University Plaza, Platteville WI
53818, 608-342-1239, Fax: 608-342-1566, schmittro@uwplatt.edu; Awad Hanna, Jeffery S.
Russell, and Erik Nordheim, University of Wisconsin, Madison.
01-2933 “Examination of Operator Variability for Selected Methods for Measuring Bulk
Specific Gravity of Hot-Mix Asphalt Concrete”

The ability of different operators to obtain repeatable results when performing laboratory testing
on the same material is a very important part of producing accurate testing results. Different
operators, using the same materials and equipment and following the same procedures ideally
should be able to obtain similar results. By conducting trials in triplicate for each of three
different testing methods, a measurement of the bulk specific gravity (Gmb) of compacted Hot
Mix Asphalt Cement (HMAC) cores was obtained. An analysis of the variability between
operators was investigated using a total of almost 1300 test results, using hot-mix asphalt
01-0405 “Statistically Based Methods for Verification Testing”
State Highway Agencies are currently using split-sample and independent-sample verification
procedures for the purpose of comparing test results or verifying the contractors overall
construction process in Independent Assurance (IA) programs and Quality Assurance (QA)
construction specifications. The purpose of this paper is to review both sampling procedures and
present new statistically-based methods for developing comparison procedures in both IA
programs and QA specifications. The statistically-based approach determines an appropriate
mean difference between either split-sample test results or independent-sample verification
results by recognizing sample size, field variability, and inherent risks. A practical application is
9

concrete sampled from six projects in Arkansas. Three methods were used to determine the bulk
specific gravity of compacted HMAC samples, including SSD (as per AASHTO T-166), height /
diameter (as per AASHTO T-269), and vacuum sealing (using the Corelok vacuum sealing
device). In almost all cases, Gmb values determined using the height/diameter method were
statistically different from those determined using the SSD and Corelok methods; further, the
SSD and Corelok values were not statistically different. The Corelok method exhibited a lower
degree of variability than the other two methods used, based on the standard deviation of test
results obtained by different operators. In a direct comparison between the Corelok and SSD
methods, the Corelok exhibited a lower variability (standard deviation) in 82 percent of the
cases. Overall, the Corelok method appears to offer a viable alternative for determining the bulk
specific gravity of compacted hot-mix asphalt concrete.
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Kevin D. Hall, Frances T. Griffith, Stacy G. Williams, Arkansas University, 4190 Bell
Engineering Center, Fayetteville AR 72701, 501-575-8695, Fax: 501-575-7168,
kdh3@engr.uark.edu.

with transportation departments is outlined, the contractor supplied work plan. Finally, ideas for
improvements in public relations as well as recommendations for overall night-time project
improvement are discussed.

Donn E. Hancher and Timothy R.B. Taylor, University of Kentucky, Civil Engineering
Department, 151B Raymond Building, Lexington KY 40506-0281, 859-257-4857, Fax: 859-257-
4404, hancher@engr.uky.edu.

created to classify and store the lessons for easy retrieval and distribution.
Nabeel A. Khwaja and James T. O’Connor, Center for Transportation Research, 3208 Red
River, Suite 200, Austin TX 78705, 512-232-3113, Fax: 512-232-3153,
khwaja@mail.utexas.edu.
01-3123 “Paris-Lexington Road Project: Interim Report”
The Paris-Lexington Road Project is the four-lane roadway reconstruction project of the two-lane
Paris Pike, a twelve-plus-mile section of US27/58. This section of highway has been dedicated as
a historic corridor, and has had it share of archeological and environmental sensitive sites along
the corridor. In addition, Paris Pike is one of the major thoroughfares through picturesque horse
farms that make up the prosperous Kentucky thoroughbred industry. Over the years safety and
traffic operations problems have become noticeable the Kentucky Department of Highways.
However, when the KDOH attempted to use their standard department procedures were to study,
plan, design and construct a solution to rectify these problems, they found that the special
circumstances of Paris Pike required something innovative. This paper attempts to give some
01-2944 “Lessons-Learned System for Highway Constructability”
A nine-mile stretch of the North Central Expressway (NCE) in Dallas was reconstructed to
increase capacity and improve the geometric design of the freeway. The decade-long
reconstruction project is considered by many industry experts to be one of the most complex ever
undertaken by the Texas Department of Transportation (TxDOT). Much was learned concerning
constructability of urban freeway reconstruction projects, presenting the opportunity to document
lessons and store them in an electronic format. A relational database using Microsoft Access was
01-0273 “Nighttime Construction Issues”
This paper summarizes the findings of the Kentucky Transportation Cabinet (KyTC) study KTC-
00-16, Night-Time Construction Issues. The current state of night-time construction is examined
through a survey of night-time construction practitioners. In order to determine the feasibility of
performing a project at night the factors that affect night operations are discussed as well as a
night-time project evaluation form. As lighting is a crucial element of any night project, a new
form of lighting technology is briefly discussed. An idea which is slowly beginning to gain favor
10

background insight of the special circumstances that the KDOH had to consider, historic,
environmental, and political. To ensure compliance to the agreement regarding the special
historic and environmental preservation requirements of this project, the KDOH used innovative
approaches in contracting the design segments. This paper then reports on the preliminary
findings on the effectiveness of construction phase of the first three of five deign segments that
have been contracted. Although, further investigation is ongoing, some comparison can be made
of the results being observed to those of the typical results achieved for highway construction
projects performed under traditional design-bid-build contracting methods.
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Raymond F. Werkmeister and Donn E. Hancher, University of Kentucky, Dept. of Civil
Engineering & KY Transportation Ctr., 161 Civil Engineering Transportation Bldg., Lexington
KY 40506-0281, 859-257-4857, Fax: 859-257-4404, hancher@engr.uky.edu.

assimilating the risks involved and the corresponding alleviation measures are also offered.
Mohamed-Asem U. Abdul-Malak, Isam A. Kaysi, and Marwan S. Schoucair, American
University of Beirut, Lebanon, Faculty of Engr & Arch US Ofc., 850 Third Avenue 18th Floor,
New York NY 10022, 961-3-888188, Fax: 961-1-744462, mamalak@layla.aub.edu.lb.

described in this paper and an example application is presented. Through that example, the
proposed model has been demonstrated to offer significant advantages as a resource-driven
approach. Future extensions to the proposed model are then outlined.

Tarek Hegazy, University of Waterloo, Civil Engineering Department, Waterloo N2L 3G1, ON,
Canada, 519-888-4567 x2174, Fax: 519-888-6197, tarek@uwaterloo.ca.
01-3439 “Evaluating Design-Build Procurement Documents for Highway Projects: How
Good Are They?”

This paper presents recent innovations by the Arizona Department of Transportation (ADOT) in
the use of design-build procurement for highway construction. Explosive population growth in
Arizona has pushed ADOT to the limits of its capacity and challenged the Department to develop
innovative ways to stretch its resources to meet the constituents’ needs. In 1996 the Department
spearheaded the passage of a pilot design-build law aimed at completing public construction
projects more rapidly than could be done using traditional methods. This paper describes an
01-3291 “Critical Path Method/Line of Balance Model for Efficient Scheduling of
Repetitive Construction Projects”

This paper presents a general model for efficient scheduling and resource management in
construction projects that involve high degree of repetition, such as highways and pipelines. The
proposed model has three main features: 1) it fully integrates the critical path method (CPM) for
network analysis and the line of balance line (LOB) technique for linear scheduling; 2) it allows
realistic schedule development considering project deadline and resource constraints; and 3) it
incorporates improved schedule presentation that shows crews’ movements along the repetitive
units and their detailed work assignments. The detailed formulation of the proposed model is
01-3253 “Allocation of Risks Under Build-Operate-Transfer Delivery Approach for
Transport Infrastructure Projects”

The need for the Build-Operate-Transfer (BOT) approach in the development of infrastructure
projects has risen in recent years, due to budgetary and financial constraints faced by the public
sector in both developing and developed countries, tightened by the necessity to repair, maintain,
and modernize the existing infrastructure facilities. This paper aims at presenting the risk factors
that influence the parties of a prospective BOT contract during the various phases of the contract.
In particular, it addresses those factors pertaining to the pre-contract stage and to the political,
construction, commercial, and financial categories of possible risks. Integrated schemes
11

evaluation made of the procurement documents used for the second project in the design-build
pilot program which involved widening an extremely congested eight-mile segment of Interstate
17, a primary artery carrying 180,000 vehicles per day through the city of Phoenix, from six
lanes to ten. The Department utilized a two step method for selection of the winning design team
utilizing both a Request for Qualification (RFQ) and the Request for Proposal (RFP). Both
documents were evaluated for the clarity of thought and fairness of the point distribution
methodology utilized by the selection teams as well as time allowed for response and proposal

mailto:hancher@engr.uky.edu
mailto:mamalak@layla.aub.edu.lb
mailto:tarek@uwaterloo.ca


costs incurred. The primary method of data gathering for this research was by written survey of
all the proposing teams followed by unstructured interviews with responding principals.
Analysis of the data gather from this research clearly showed where the procurement documents
were unclear and where the Department needed to make corrections for future projects.

James J. Ernzen, Arizona State University, Del E. Webb School of Construction, Box 870204,
Tempe AZ 85287-0204, 408-965-0389, Fax: 408-965-1769, james.ernzen@asu.edu.

construction to be carried out in overnight or weekend operations, when traffic volumes are low,
resulting in tremendous savings in user costs. The concept for a precast concrete pavement,
presented in this paper, should have the same, if not better, durability as conventional cast-in-
place concrete pavements currently being constructed. Also, by incorporating prestressing, it will
be demonstrated that equivalent load repetitions and design life can be achieved with a
significant reduction in pavement thickness over conventional pavements. Although the initial
construction costs may at first be higher for a precast pavement, the savings in user costs will far
outweigh any additional construction costs.

David K. Merritt, B. Frank McCullough and Ned H. Burns, University of Texas, Austin,
Center for Transportation Research, 3208 Red River Street, Suite 200, Austin TX 78705-2650,
512-232-3141, Fax: 512-232-3151, bfmccullough@mail.utexas.edu.
01-0143 “Establishing Production Rates for Hot-Mix Asphalt”
This paper presents four methods of computing production rates for use in contract time
calculations. Production rates are defined as units of work (i.e., cubic yards, tons, etc.) per unit of
time (i.e., day, hour, etc.). The four methods, which are used to generate four values of contract
time, are generated for a given unit of work but with four different values of time. Data from
thirty-six historical Louisiana Department of Transportation and Development (LaDOTD) rural
hot mix asphalt (HMA) overlay projects were used to generate and validate the production rates.
Due to their historical nature, each project had two additional values of contract time; (1) the
original LaDOTD estimate and (2) the actual construction time. The actual construction time is
assumed to act as the “control” group for the statistical analysis. This statistical analysis showed
that mean production rates produce reasonable estimates of actual contract time. Therefore, the
recommendation was that LaDOTD use mean production rates to calculate pre-bid estimates of
contract time on rural HMA overlay projects.

Freddy L. Roberts, Louisiana Tech University, Dept of Civil Engineering, P.O. Box 10348, 600
Arizona Ave, Ruston LA 71272, 318-257-4611, Fax: 318-257-2306,
3. Construction: Pavements

01-2904 “Feasibility of Using Precast Concrete Panels to Expedite Construction of
Portland Cement Concrete Pavements”

As the number of vehicles on America's roadways, continues to grow at an unprecedented rate,
pavements continue to deteriorate faster and require replacement. In urban and densely populated
areas, however, pavement construction causes traffic delays, which increase user costs. A
method for expediting pavement construction, thereby reducing traffic delays and user costs is
therefore needed. This paper will describe a feasible method for expediting construction of
portland cement concrete pavements through the use of precast concrete panels. The main
advantage of precast concrete panels is that they can be set in place and assembled quickly,
allowing traffic back onto the pavement almost immediately. This will allow pavement
12

froberts@coes.latech.edu; and David A. Leslie, Denmon Engineering Company, Inc.
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discovered that the use of a composite quality measure not only corrects these deficiencies, it
also makes it possible to key the pay equation more directly to performance while substantially
reducing the complexity of the acceptance procedure as a whole. Consequently, the new
procedure is much closer to a true performance-related specification and, at the same time, is far
simpler to understand and apply than its predecessors. The new version of the specification was
developed cooperatively through a task force representing the NJDOT, FHWA, and several
Industry associations, and is currently under test on a series of pilot projects.

Richard M. Weed, New Jersey Department of Transportation, PO Box 600, 1035 Parkway
Avenue, Trenton NJ 08625-0600, 609-530-5970, Fax: 609-530-5972,
richardweed@dot.state.nj.us.
01-0344 “Development of Critical Field Permeability and Pavement Density Values for
Coarse-Graded Superpave Pavements”

Within the hot mix asphalt (HMA) community, it is generally accepted that the proper
compaction of HMA is vital for a stable and durable pavement. Low in-place air voids have been
shown to lead to rutting and shoving while high in-place air voids have been shown to reduce a
pavement's durability through moisture damage and excessive oxidation of the asphalt binder.
Recent research has suggested that coarse graded Superpave designed mixes are more permeable
than conventionally designed pavements at a given air void content. This higher permeability can
lead to durability problems. This study was conducted to evaluate at what pavement density
coarse-graded Superpave mixes become permeable using a field permeability device. Based
upon the data collected, 9.5 and 12.5 mm nominal maximum size mixtures (NMAS) become
excessively permeable at approximately 7.7 percent in-place air voids, which corresponded to a
field permeability value of 100×10-5 cm/sec. Mixtures having a 19.0 mm NMAS became
01-0268 “New Jersey’s Superpave Specification: The Next Generation”
The testing of New Jersey's first acceptance procedure for hot-mix asphalt (HMA) pavement
designed by the Superpave method began in 1998 with the construction of a series of pilot
projects. A distinct feature of the prototype specification was the use of a composite pay equation
that expressed the pay factor as a function of the average of the quality levels for air voids,
thickness, and riding quality. Although the quality received under this specification has ranged
from good to excellent, a national survey recently conducted by the NJDOT suggests that
pavement performance is more appropriately characterized by an additive function rather than by
the average of the individual quality measures. A new pay schedule, developed from a
combination of performance and analytical data and the opinion survey, produces larger bonuses
for superior quality and larger pay reductions for poor quality. NJDOT engineers also realized
that the original RQL provision based on individual quality measures did not properly account
for the combined effect of deficient quality in two or more quality measures. It was also
13

permeable at an in-place air void content of 5.5 percent air voids, which provided a field
permeability value of 120×10-5 cm/sec. Coarse-graded mixes having an NMAS of 25.0 mm
became permeable at 4.4 percent air voids, which corresponded to a field permeability value of
150×10-5 cm/sec.

Larry Allen Cooley Jr., E. Ray Brown, National Center for Asphalt Technology, 211 Ramsay
Hall, Auburn University, Auburn AL 36849, 334-844-6336, Fax: 334-844-6248,
coolela@eng.auburn.edu; and Saeed Maghsoodloo, Auburn University.
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observed differences. The results indicate that the precision of the Superpave gyratory compactor
is better than the mechanical Marshall hammer. However, there were significant differences
between the bulk specific gravity of mixes compacted in different gyratory compactors. These
differences could potentially lead to discrepancies during the mix design/verification and quality
control/assurance testing of a given mix.

Michael Shane Buchanan and E. Ray Brown, National Center for Asphalt Technology, 277
Technology Parkway, Auburn AL 36830, 334-844-6334, Fax: 334-844-6248,
buchams@eng.auburn.edu.
01-0390 “Evaluation of Field Density Measuring Devices”
The use of non-destructive devices for the measurement of in-place density of a compacted
asphalt mat would be beneficial in that it would save time and money compared to cutting
roadway cores for the determination of pay factors by Florida Department of Transportation
(FDOT) Acceptance personnel. However, the use of non-destructive devices was discontinued
by the FDOT in 1997 during the onset of Superpave construction because it was found that the
gauges were not providing accurate readings when compared to the core densities. The recent
development of non-nuclear density measuring devices has prompted the need for research
studies that would again compare core density values to gauge density values for both coarse and
fine graded Superpave mixes. This study compared core and gauge densities for two separate test
sections (one coarse and one fine graded Superpave mix). Nuclear gauges from Troxler and CPN
and non-nuclear gauges from Transtech were used in the study. The results indicate that when
comparing standard deviations and means of the gauge densities to the core densities, the CPN
01-0346 “Effect of Superpave Gyratory Compactor Type on Compacted Hot-Mix Asphalt
Density”

The Superior Performing Asphalt Pavements (Superpave) gyratory compactor was developed as
a tool in the Superpave mix design system to better simulate the field compaction of hot mix
asphalt (HMA) mixes. All Superpave gyratory compactors are designed to meet the specification
criteria found in AASHTO TP4. At the present time, AASHTO TP4 does not contain a precision
statement. Furthermore, many agencies have reported differences in the bulk specific gravity of
compacted samples from different Superpave gyratory compactors, which have been properly
calibrated. Data is presented and analyzed from three gyratory compactor proficiency sample
testing programs, from field project Superpave gyratory compaction comparisons, and from mix
design and quality control/assurance results from a state DOT. The data was then analyzed to
determine the statistical (precision) and potential project implications which result from the
14

MC3 gauge outperformed all of the other gauges used in this study. The Transtech gauges had
comparably equivalent mean density values but had very high standard deviations. The Troxler
gauges (three models were tested) had mixed results. In general, all of the gauges did not
perform better on the fine graded mix as compared to the coarse graded mix. Although the CPN
MC3 gauge used in this study provided results very close to the core density values, use of the
gauge for Acceptance is not recommended at this time since these results are based on one gauge
and there are issues related to requiring a specific manufacturer's gauge to be used. It is
recommended that the Transtech gauges be allowed for use as a Quality Control tool since their
variability is not necessarily worse than an allowable nuclear gauge.

Gregory A. Sholar, James A. Musselman, Gale C. Page, and Patrick B. Upshaw, Florida
Department of Transportation, 2006 NE Waldo Road, Gainesville FL 32609, 352-337-3278,
Fax: 352-334-1649, gregory.sholar@dot.state.fl.us.
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decks. After about 40 years of service in a corrosive environment, the decks had deteriorated and
needed replacement. A preliminary study indicated that conventional cast-in-place redecking
would result in significant traffic delays. Nighttime redecking with precast concrete modular
panels, on the other hand, would cost slightly more but with minimal interruption to traffic. The
nighttime precast deck replacement design was completed in 1998. The construction of the
bridges began in September of 1999 and was successfully completed in less than two months.
The redecking of each bridge was accomplished in 3 stages. In each stage, a portion of the
existing deck was removed and replaced with precast panels. Construction time was limited to 8
hours per day, from 9:00 p.m. to 5:00 a.m. During the construction hours, the bridges were
partially open to traffic. All of the traffic lanes were open during peak travel times from 5:00
a.m. to 9:00 p.m.

Khossrow Babaei, Amir Fouladgar, Wilbur Smith Associates, 2921 Telestar Ct, Falls Church
VA 22042, 703-698-9780, Fax: 703-280-1631, Kbabaei@wilbursmith.com; and Ronaldo T.
Nicholson, Virginia Department of Transportation.
5. Facilities, Equipment Design and Performance

01-3523 “States Flexing Main Street Design: Report on Efforts by Various States to "Flex"
Their Highway Standards Toward Better Main Street Design”

Rutgers Transportation Policy Institute is investigating the importance of flexible design
standards for highways that serve as main streets through communities. One component is to
research similar policies and standards in other states, especially in the post-ISTEA landscape,
states have the wherewithal to develop standards independent of the AASHTO Green Book. Our
research found that few states have actually written new geometric standards — lane widths,
stopping sight distance, corner radii — and of those that have, the deviations from Green Book
values are relatively slight. More states have concentrated on policies and laws on performance
standards — design speed, level of service, functional classification — perhaps because these
have less to do with hard science and more with politics.

Michael R. King, Michael King Architect + Traffic Calmer, 126 Second Street, Brooklyn NY
11231-4826, 718-625-4121, Fax: 646-356-0726, miking@trafficcalmer.com; and Trefor P.
Williams and Reid Ewing, Rutgers University.
4. Construction: Structures

01-0196 “Nighttime Bridge Deck Replacement with Full-Depth Precast Concrete Panels at
Route 7 over Route 50, Fairfax County, Virginia”

With increasing highway traffic, replacement of deteriorated and obsolete concrete bridge decks
requires special attention from highway agencies. During bridge deck replacement, traffic
congestion results in delays and inconvenience to motorists. Nighttime redecking with precast
modular deck panels is a viable method of deck replacement that minimizes disruption to traffic,
reduces total construction time and allows better quality control of concrete. More importantly,
this construction method allows opening the portion of the bridge under construction to traffic
during daytime. This paper presents the design and construction aspects of nighttime redecking
of two bridges of Route 50 interchange at Route 7 in Fairfax County, Virginia. The single-span
bridges carry Route 7 Eastbound and Westbound and are steel girders with composite concrete
15
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with this method, the failure stress of asphalt binder determined by the DT method increased as
compared to those samples prepared without controlled cooling. With this sample preparation
method, the variability of failure stress and failure strain values of the 6 specimens within the
same run is usually less than 15% for the softer asphalt, e.g., 200/300 asphalt, and somewhat
higher for the harder asphalt, e.g., 85/100 asphalt. The average results of the best 4 out of 6
specimens usually agreed with another run within 10-15%, regardless of asphalt type. The theory
of this method is discussed. Important points to follow or to avoid during preparation of DT
samples are discussed. The incorporation of the details of this sample preparation method in the
DT procedure will lead to better agreement of direct tension results between different
laboratories.

Susanna Man Sze Ho and Ludo Zanzotto, University of Calgary, Bituminous Materials
Laboratory, Engineering Faculty, 2500 Univeristy Drive NW, Calgary T2N 1N4, Canada, 403-
220-8077, Fax: 402-282-7026, smsho@ucalgary.ca.
01-2981 “Correlations Between Superpave Asphalt Stiffnesses and In-Service Pavement
Performance”

One of the primary concerns in the State of Indiana is the early appearance of flexible pavement
distresses. The early distresses may result in pavement failure and/or shorter pavement service
life. The SHRP developed Superpave asphalt binder specifications are directed toward in-service
pavement performance. Superpave binder tests and associated criteria were selected to control
distresses that affect in-service HMA performance, specifically: permanent deformation, fatigue
cracking, and low temperature thermal cracking. The Indiana Department of Transportation
(INDOT) was interested in answering the question of whether or not the changes in in-service
asphalt can be related to pavement distresses. Several factors were included in this study. The
factors included the type and severity of distresses as documented by pavement condition
surveys. Also, Superpave asphalt binder tests were conducted on the original and the recovered
6. Bituminous Materials

01-2277 “Improvement in Determination of Failure Stress of Asphalt Binder and Test
Repeatability Through Sample Preparation in Direct Tension Testing”

We found that during Superpave direct tension testing (DTT) of asphalt binder materials, the
failure stress and failure strain values were highly dependent on the DT mold temperature and
the rate of cooling of these samples. A sample preparation method in DTT of asphalt binder
materials was developed. In this method, aged asphalt binder was allowed to stay fluid in the DT
molds for a short period of time to allow the molecules inside the asphalt to form a uniform
network. Ceramic tiles holding the direct tension molds were heated in an oven with controlled
temperatures specific to the Performance Grade (PG) of the binder. These heated ceramic tiles
provided a means for the poured asphalt to stay fluid and to cool slowly and uniformly. The
detailed method development and the sample preparation method are described. It was found that
16

in-service binders. One important aspect of this study was how the changes of in-service asphalts
can be related to distresses such as permanent deformation, fatigue cracking or low temperature
thermal cracking. This study documents the relationship between in-service asphalt binder
stiffnesses, as characterized by complex shear modulus or binder stiffness (G*), and in-service
permanent deformation and cracking, as characterized by PAVER deduct values. The study
documents poor relationship between in-service binder stiffness and in-service permanent
deformation or rutting. The study also documents a very good relationship between in-service
stiffness and in-service cracking.
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Khaled A. Galal, Indiana Dept. of Transportation, Division of Research, 1205 Montgomery St.,
P.O. Box 2279, West Lafayette IN 47906, 765-463-1521, Fax: 765-497-1665,
Kgalal@indot.state.in.us; and Thomas D. White, Mississippi State University.

versus log |G*| which, unlike master curves, does not require shifting of the data generated at
different temperatures. However, pseudo Black diagrams should not be used with the BBR data
due to the errors in calculating m-values associated with the use of the polynomial
approximation. For the DT the secant modulus calculated from the stress-strain data provides a
better tool in identifying errors in the test data.

Mihai O. Marasteanu and David A. Anderson, Pennsylvania State University, 201
Transportation Research Building, University Park PA 16802, 814-863-8010, Fax: 814-865-
3039, mom1@psu.edu.
01-0392 “Effects of Sample Preconditioning on Asphalt Pavement Analyzer Wet Rut
Depths”

Moisture damage of asphalt mixes, better known as stripping, is a major distress affecting
pavement performance. AASHTO T 283 has historically been used to detect moisture
susceptible pavements through the determination of a tensile strength ratio (TSR). Results from
AASHTO T 283 have been inconsistent. As a result there has been increased interest in finding
an alternative test. Preliminary indications reveal that loaded wheel rut testers, such as the
Asphalt Pavement Analyzer (APA), have the potential to detect moisture susceptible mixtures.
To date no standard test methodolgy has been developed. The objective of this study was to
evaluate the effects of sample preconditioning on APA rut depths and to further evaluate the
APA's suitability for predicting moisture susceptible mixtures. Eight different mixes from seven
project sites were evaluated with the APA. Samples were tested using four different
01-3282 “Techniques for Determining Errors in Asphalt Binder Rheological Data”
A number of new methods for specifying asphalt binders, based on more complex theoretical
approaches, have emerged in the past years and researchers are increasingly using these methods
for studying asphalt binders. These methods require an increased degree of accuracy and
precision in the laboratory data. This paper details a number of simple techniques that can be
successfully used to identify errors in rheological data obtained for asphalt binders. Asphalt
binders do not exhibit sudden changes in their behavior with respect to time or temperature.
Therefore, any discontinuities revealed by the visual inspection of the test data in graphical
format can be attributed to testing errors. A powerful yet simple tool in identifying potential
problems with the DSR test data is the Black diagram. Black diagram is a plot of phase angle
17

preconditioning procedures: dry, soaked, saturated, and saturated with a freeze cycle. The results
were compared with TSR values as well as the methylene blue and sand equivalent tests.
Samples were also tested using three additive states: no additive, with lime and with liquid anti-
strip. The results were evaluated to determine the viability of using the APA to predict moisture
damage. The results indicate that the APA can be utilized to evaluate the moisture susceptibility
of asphalt mixes. Additionally, the results indicate that the harsher preconditioning of saturation
and saturation with a freeze cycle did not result in increased wet rut depths. Using only dry and
soaked conditioning appears to be adequate.

Stephen A. Cross, University of Kansas, Civil Engineering Department, 2006 Learned Hall,
Lawrence KS 66045, 785-864-4290, Fax: 785-864-3199, sac@kuhub.cc.ukans.edu; and
Michael D. Voth, Federal Highway Administration.
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variability. Permeability variability was computed from test data derived from field cores and
specimens prepared in the laboratory. Repeat tests by different operators indicated differences
that warrant additional investigation.

G. W. Maupin Jr., Virginia Transportation Research Council, 530 Edgemont Road,
Charlottesville VA 22903, 804-293-1948, Fax: 804-293-1990, maupingw@vdot.state.va.us.
01-2763 “Evaluation of Factors Affecting Permeability of Superpave-Designed Pavements”
It can be expected that the life of a permeable pavement would be shorter than that of an
impermeable pavement, due to deterioration of mix through water and air infiltration, and
subsequent stripping and oxidation and hardening of binder. Recent work has indicated that
coarse graded Superpave mixes can be excessively permeable to water at air void levels around 6
percent. The objectives of this study were to evaluate the permeability of Superpave designed
mixes used by Maine Department of Transportation and determine the effect of gradation, lift-
thickness, and in-place density on the permeability of these mixes. Five Superpave projects were
selected for this study. These projects included coarse-graded 9.5 mm, 12.5 mm, 19.0 mm, and
25.0 mm nominal maximum aggregate size (NMAS) mixes and one fine-graded 9.5 mm NMAS
mix. Based on the National Center for Asphalt Technology permeameter, a field permeameter
01-2076 “Asphalt Permeability Testing: Specimen Preparation and Testing Variability”
The concern over asphalt mixtures allowing surface water to enter has led to an interest in
developing a reliable permeability test. Over the last several years, several studies related to
permeability testing have been conducted, and the American Society for Testing and Materials
(ASTM) is currently developing a falling head test method to determine asphalt permeability.
The Virginia Department of Transportation became interested in testing its pavements and using
permeability as a design consideration. As a member of the ASTM task group, the author
investigated the effect of sawing specimens, a technique that is often used to separate the asphalt
layers. Sawing was found to cause a reduction in permeability. Since a falling head test might be
used in acceptance and design specifications, it was important to determine its associated
18

was developed at the Worcester Polytechnic Institute (WPI) laboratory. This permeameter was
used for testing at ten locations per project. One core was obtained at each of these test locations.
The cores were used to determine in-place density at each of the test locations. Field testing was
done at random locations, immediately behind the finish roller. Loose mixes were also obtained
from each project. The loose mixes were compacted to 5 percent air voids, and to different
thickness to evaluate the effect of thickness on permeability. On the basis of results obtained in
this study, the following conclusions can be made: 1. Air void content (as measured by voids in
total mix) of dense graded HMA has a significant effect on in-place permeability of pavements,
2. There is a significant effect of NMAS on the permeability of coarse-graded Superpave
designed mixes. It was shown that at a given in-place air void content the permeability increased
by one order of magnitude as the NMAS increased, 3. Samples with different thicknesses
showed that there is a decrease in permeability with an increase in thickness. It is recommended
that State DOTs consider designing mixes to be placed 100 mm below the pavement surface on
the fine side of the maximum density line. By designing base mixes on the fine side of the
maximum density line, these mixes could be made less permeable than coarse graded mixes at
similar void levels and thus less susceptible to allowing moisture or moisture vapor to propagate
upward through the pavement structure. This in turn should reduce the potential for moisture
damage within pavement structures.

Rajib B. Mallick, Wathew R. Teto, Worcester Polytechnic Institute, Department of Civil &
Enviromental Engrg, 100 Institute Road, Worcester MA 01609, 508-831-5289, Fax: 508-831-
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5808, rajib@wpi.edu; Larry Allen Cooley, Jr., National Center for Asphalt Technology;
Richard l. Bradbury and Dale H. Peabody, Maine Department of Transportation.

to ensure that specimens are saturated and that the saturated hydraulic conductivity is measured.
Sidewall leakage was eliminated by using bentonite clay as a sealing agent and the hydraulic
gradient was selected based on a parametric experiment showing how gradient affects hydraulic
conductivity. Tests on the various mixtures showed that a power law relationship exists between
air voids content and hydraulic conductivity, but that the hydraulic conductivity also depends on
the gradation. Lift thickness is also important, with lower hydraulic conductivity obtained with
greater lift thickness at a given air voids content. The results show that hydraulic conductivity
cannot be controlled only by limiting air voids and that a hydraulic conductivity test is necessary
for a mixture design that includes hydraulic conductivity as a criterion.

Kunnawee Kanitpong, Craig H. Benson and Hussain U. Bahia, University of Wisconsin,
Madison, Department of Civil and Environmental Engineering, 2210 Engineering Hall, 1415
Engineering Dr., Madison, WI 53706, 608-265-9366, Fax: 608-262-5199,
kanitpon@cae.wisc.edu, bahia@engr.wisc.edu.

average daily traffic (LADT) levels below 2,000, AWI values did not influence the resulting
pavement friction value over time. For pavements with LADT values above 2,000, AWI values
were found to correlate with pavement friction with higher AWI values corresponding to higher
pavement friction.

George Dewey, Michigan Technological University, Dept. of Civil and Environmental Eng.,
1400 Townsend Dr., Houghton MI 49931, 906-487-2522, Fax: 906-487-2943,
gdewey@mtu.edu; Alan C. Robords, Robert M. Muethel, Michigan Department of
Transportation; and Brian T. Amour, Structural Associates, Inc.
01-2790 “Some Characteristics of Foamed Bitumen Mixes”
An experimental work was recently carried out within the School of Engineering, Griffith
University. The research involved characterisation of a range of foamed bitumen mixes in the
01-3443 “Aggregate Wear and Pavement Friction”
The laboratory program developed by the Michigan Department of Transportation for assessing
the polishing potential of HMA coarse aggregates consists of an indoor wear track and a tire
mounted friction tester. Aggregate test specimens are prepared by source and tested under the
action of 4,000,000 wheel passes on the wear track. Surface friction is measured throughout the
test and the measured value of friction at the end of the test is used to calculate an Aggregate
Wear Index (AWI). The AWI is used as a measure of the polishing potential of the aggregate
source tested. Field friction measurements from selected pavements were compared to the AWI
values of the aggregates used to construct the pavement wear course. For pavements with lane
01-2997 “Hydraulic Conductivity (Permeability) of Laboratory-Compacted Asphalt
Mixtures”

A flexible-wall permeameter was used to study the hydraulic conductivity (also referred to as
permeability) of asphalt mixtures commonly used in Wisconsin. Effects of saturation, hydraulic
gradient, and side-wall leakage were studied to determine an appropriate testing procedure. The
test procedure was then used to study how mixture design variables affect hydraulic
conductivity. Four aggregate gradations were tested to develop relationships between hydraulic
conductivity and volumetric properties. Two mixtures were also compacted to different heights
(ranging from 37.5 mm to 110.0 mm) to evaluate how lift thickness affects hydraulic
conductivity. Results of the tests indicate that the backpressure saturation procedure can be used
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laboratory. Both Marshall compactor and servo-controlled gyratory compactor were used in
specimen preparation. For the determination of resilient modulus, a closed-loop servo-controlled
dynamic loading system was utilised. It was found that Marshall compaction method produced
higher resilient modulus values compared to the gyratory compaction. Moreover, Marshall
compaction showed an optimum bitumen content associated with the maximum density. The
Australian made gyratory compactor produced specimens which were less dependent on bitumen
content but had higher density values. In addition, the temperature used to cure the specimens
was also examined. An accelerated curing temperature of 60°C was found to be too high,
resulting in an overestimation of the resilient modulus compared with specimens cured at an
ambient temperature. Furthermore, the resilience test results also showed that the resilient
modulus was significantly affected by the induced strain; with higher strain, a lower modulus
resulted. Due to the relatively low bitumen content as well as the use of lime additive,
temperature variation affects the resilient modulus of foamed bitumen mixes to a lesser degree as
compared to typical asphalt mixes.

Andreas Nataatmadja, Griffith University, School of Engineering, PMB 50 Gold Coast Mail
Centre, Bundall 9726, Queensland, Australia, 61-7-5594-8590, Fax: 61-7-5594-8065,
a.nataatmadja@mailbox.gu.edu.au.

fatigue life depends not only on the stiffness of the mix and its fatigue properties but also on the
stiffness or layer moduli of the pavement components. For new pavement construction and
overlaid pavement sections, longer fatigue life predictions were obtained for ARHM-GG than
CAC-DG, for both aged and unaged conditions. Aging of the CAC-DG could be detrimental to
pavement fatigue. In comparison, aging of ARHM-GG showed increased fatigue life
performance.

Lutfi Raad, Stephan Saboundijan and George Minassian, University of Alaska, Fairbanks,
Dept of Civil Engineering, Transportation Research Ctr., 248 Duckering Building, Fairbanks AK
99775, 907-474-7497, Fax: 907-474-6087, fflr@uaf.edu.
01-3122 “Effects of Short-Term Oven Aging on Volumetrics and Selection of N-Design”
This paper presents the field evaluation of the impact of flat and elongated particles on the
breakdown in the mixture during construction. This is a supplement to the initial paper
examining volumetric changes induced by precisely controlled Flat and elongated particles in
gyratory compaction. Samples were taken from the quarry, plant stockpile, truck, pavement
behind paver, and after the rollers on several projects in Illinois. The samples were examined for
01-3097 “Field Aging Effects on Fatigue of Asphalt Concrete and Asphalt-Rubber
Concrete”

This paper describes a study to investigate the influence of field aging on the fatigue
performance of asphalt concrete and asphalt-rubber concrete. Two California mixes were
investigated: 1) Conventional asphalt concrete dense-graded mix (CAC-DG) and 2) Asphalt-
rubber hot mix gap-graded (ARHM-GG). Laboratory fatigue tests were conducted on beam
specimens obtained from a 10-year old pavement section in southern California. Both stiffness
and fatigue were determined using controlled-strain fatigue beam tests performed at 22oC and -
2oC. Results were compared with previously published data for the original (unaged) materials.
Stiffness and fatigue data were also used in pavement analysis in order to assess the influence of
aging on predicted fatigue performance. Results indicate that field aging reduced the beam
fatigue resistance of CAC-DG and to a lesser extent, ARHM-GG. Aging effects on beam fatigue
life were more severe at -2oC than at 22oC. The influence of aging on predicted pavement
20
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gradation changes produced at any point in the construction cycle. Aggregate wear during mix
production was evident. There appears to be limited breakdown during compaction for normal
lift thickness, and no relation to the presence of flat and elongated particles was noted. Thin lift
construction demonstrated excessive breakdown during compaction.

Samuel H. Carpenter, University of Illinois, Urbana-Champaign, Department of Civil
Engineering, 205 N. Mathews Avenue, MC-250, Urbana IL 61801, 217-333-4188, Fax: 217-
333-1924, scarpent@uiuc.edu; William R. Vavrik, Applied Research Associates, Inc.; and
Bradley J. McMullen, Applied Pavement Technology, Inc.

compactor and technology. It requires that specimens are prepared at densities similar to those
found in the field. It also suggests that specimens should be cured at 1400 F for 24 hours. This
will allow for the most consistent specimens, while at the same time, most effectively utilizing
the time of laboratory personnel. The performance of CIR mixtures prepared and constructed in
accordance with the new mix-design is being evaluated in the laboratory as well as in the field.
The resistance characteristics, in relation to rutting and fatigue cracking, were predicted using the
computer program, VESYS. Creep compliance and strength were determined using the Indirect
Tensile Tester (IDT) to evaluate the resistance against the low-temperature cracking.

Todd E. Brayton, Bryant Associates Incorporated, 12 Breakneck Hill Road, Lincoln RI 02865,
401-722-7660, Fax: 401-722-7530, tbrayton@bryant-engrs.com; K. Wayne Lee, University
of Rhode Island; David L. Gress, University of New Hampshire; and Jason Harrington,
Federal Highway Administration.
01-0140 “Gradation Effects on Hot-Mix Asphalt Performance”
The effect of gradation on hot mix asphalt (HMA) performance has long been a contentious
issue. One objective of National Pooled Fund Study No. 176 was to evaluate the impact of
gradation on the rutting performance of HMA mixture. To this end twenty-one Superpave
mixtures were designed employing a range of materials, aggregate nominal maximum aggregate
sizes, and gradations typical of those used throughout the United States. A suite of tests that
included both laboratory and prototype scale loading were then used to evaluate the permanent
01-3318 “Development of Performance-Based Mix Design for Cold In-Place Recycling of
Asphalt Mixtures”

The high cost and environmental impact of pavement rehabilitation has led to an increase in the
use of Cold In-Place Recycling (CIR) as an effective alternative to other rehabilitation strategies.
However, currently there is not a universally accepted or standard mix-design for CIR.
Therefore, the project is being undertaken with the objective to develop a performance-based
mix-design procedure for CIR through laboratory evaluation and limited field verification. The
present project focuses on partial-depth CIR using asphalt emulsions as the recycling agent.
After evaluating the modified Marshall mix-design recommended by the AASHTO Task Force
No. 38, a new volumetric mix-design has been developed utilizing the Superpave gyratory
21

deformation characteristics of the mixtures. Analysis of the data revealed that adequate
performance could be obtained with mixture gradations plotting above (ARZ), through (TRZ),
and below (BRZ) the restricted zone. Laboratory tests suggested that ARZ and/or TRZ
gradations might provide better deformation resistance than BRZ gradations. However, prototype
scale accelerated pavement testing did not show any clear trends in performance relative to
gradation alone with respect to the restricted zone. This means that the restricted zone alone is
not adequate to characterize gradation to ensure acceptable rutting performance and should
therefore be omitted from Superpave specifications
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Adam J. Hand, Granite Construction, Inc., 1900 Glendale Avenue, Sparks NV 89431, 775-358-
8792, Fax: 775-355-3431, ahand@granite-net.com; James Stiady, Kleinfelder; Thomas D.
White, Mississippi State University; Ahmed Samy Noureldin and Khaled A. Galal, Indiana
Department of Transportation.

and on-going research. Studies involving laboratory and full scale accelerated performance tests
of mixtures with gradations plotting above (ARZ), through (TRZ) and below (BRZ) the
restricted zone were considered. The research reviewed clearly suggests that good performance
can be achieved with fine-graded (ARZ and TRZ) mixtures and that no relationship exists
between the Superpave restricted zone and HMA rutting or fatigue performance. Based on this it
is suggested that the restricted zone recommendation be eliminated from the Superpave
volumetric mixture design specifications.

Adam J. Hand, Granite Construction, Inc., 1900 Glendale Avenue, Sparks NV 89431, 775-358-
8792, Fax: 775-355-3431, ahand@granite-net.com; and Amy L. Epps, Texas A&M
University System.

8,000 cycles. Repeated shear tests at constant height were also conducted with the Superpave
shear tester (SST). Statistical analysis of rut data generally indicates a significant difference
between rut depths obtained in mixes using different aggregate types and different gradations.
The gradations violating the restricted zone did not necessarily give relatively higher rut depths
compared to the gradations in compliance with the zone.

Prithvi S. Kandhal, National Center for Asphalt Technology, Auburn University, 211 Ramsay
Hall, Auburn Univ AL 36849-5354, 334-844-6242, Fax: 334-844-4485,
pkandhal@eng.auburn.edu; and Rajib B. Mallick, Worcester Polytechnic Institute.
01-2786 “Effect of Aggregate Gradation on Permanent Deformation of Superpave Hot-
Mix Asphalt”

The restricted zone in aggregate gradings is one of the most controversial components of the
Superpave mix design process. The restricted zone was adopted in order to reduce premature
01-2051 “Effect of Mix Gradation on Rutting Potential of Dense-Graded Asphalt
Mixtures”

The objective of this study was to evaluate the effect of mix gradations, both complying with and
violating the Superpave restricted zone, on rutting potential of hot mix asphalt (HMA) mixtures.
Superpave gyratory samples of mixes with granite, limestone, and gravel aggregates were used.
The following gradations were used: gradation above the restricted zone, gradation through the
restricted zone in close proximity to the maximum density line, and gradation below the
restricted zone. Rut tests were conducted at 64 C with the Asphalt Pavement Analyzer (APA)
under 689 kPa contact pressure and 45.2 kg wheel load. Rut depths were measured at the end of
01-0141 “Impact of Gradation Relative to Superpave Restricted Zone on Hot-Mix Asphalt
Performance”

Significant controversy has revolved around the Superpave gradation specifications, in particular
the restricted zone, since the completion of the Strategic Highway Research Program (SHRP).
The reason for this is simple, dense-graded mixtures which encroach on the restricted zone had
historically provided good performance prior to SHRP. However, current Superpave guidelines
recommend that gradations passing through the restricted zone not be used. The objective of this
paper is to provide a synopsis of recent research related specifically to the impact of the
Superpave restricted zone on performance of hot mix asphalt (HMA). The evolution and purpose
of the Superpave restricted zone are presented along with findings of both recently completed
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rutting in hot mix asphalt (HMA) pavements. The validity of the restricted zone requirement has
been questioned by both the owner agencies and the paving and aggregate industries. The
purpose of this paper is to examine the effect of the restricted zone on pavement rutting. Four
different types of aggregate were studied: crushed granite, crushed limestone, partially crushed
river gravel, and mixture of partially crushed river gravel as coarse aggregate with natural sand
as fines. For each aggregate, HMA mixtures were designed using three different gradations:
above the restricted zone, through the restricted zone, and below the restricted zone. Mixtures
were tested using Superpave Shear Tester (SST). Four different tests were performed: simple
shear at constant height, frequency sweep at constant height, repeated shear a constant stress
ratio, and repeated shear at constant height. All twelve mixtures were also tested with Asphalt
Pavement Analyzer (APA) to evaluate the rutting potential of those mixtures. From the analysis
of the test results of SST and APA, we conclude that there is no relationship between restricted
zone and permanent deformation. Further, these gradings passing below the restricted zone most
often exhibited the greatest permanent deformation. Furthermore, hardly ever did a gradation
through the restricted zone yield the highest permanent deformation.

Arif T. Chowdhury, Joe W. Button, Dallas N. Little, Texas A&M University System, 508H
CE/TTI Building, 3135 TAMU, College Station TX 77843-3135, 979-458-3350, Fax: 979-845-
0278, a-chowdhury@tamu.edu; Jose D.C. Grau, Ministry of Transportation, Spain.

7. Cement and Concrete
01-3188 “Michigan's Approach to a Statewide Investigation of Material-Related Distress in
Concrete Pavements”

This paper describes an approach being used to identify to what degree Michigan roads are
affected by materials related distress (MRD) and methods being used determine what distress
mechanisms are at work. The approach includes detailed visual inspections, field sampling, and
laboratory analyses on selected projects to determine the distress mechanisms. It was concluded
that although the majority of Michigan's concrete surfaced pavements were unaffected by MRD,
a significant percentage of the concrete pavement network, over a broad geographical region,
had distress manifestations consistent with the occurrence of MRD. These manifestations
included staining in the vicinity of joints and cracks, D-cracking, joint/crack deterioration,
progressive map cracking with exudate, scaling, and corrosion of embedded steel. Fifteen
pavement sections were visually assessed, tested using a falling weight deflectometer, air
permeability was measured, and core samples were taken and analyzed. The results of this
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process revealed that the presence of MRD affected the mechanical properties of the pavement
concrete. Petrographic analysis determined that a large number of different MRD types are at
work in some of Michigan's concrete pavements, including aggregate freeze-thaw deterioration,
corrosion of embedded steel, and alkali-silica reactivity. This work also found that
dedolomization of certain carbonate aggregates and sulfate attack may also pose a problem. With
this knowledge, the Michigan Department of Transportation is able to better address the cause of
distress when selecting repair options and prevent MRD from affecting future concrete
pavements.

Thomas John Van Dam, Karl F. Hanson, Lawrence L. Sutter, Michigan Technological
University, Department of Civil & Environmental Engineering, 1400 Townsend Drive, Houghton
MI 49931, 906-487-2524, Fax: 906-487-1620, tvandam@mtu.edu; Neeraj J. Buch, Jacob
Hiller, Michigan State University; and Robert M. Muethel, Michigan Department of
Transportation.
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prepared at various thickness and subjected to the rapid chloride permeability test. The coulomb
charge passing each specimen was recorded every thirty minutes during test progress. A
supplementary group of specimens was prepared six months later using same constituents to
strengthen some of the findings. Results reveal that the relation between the coulomb charge and
specimen thickness is non-linear. Also, strong indications exist for a possible prediction of the
56-day coulomb value for the silica fume concrete based on 28-day results and of a more or less
trend for the coulomb value with time. Results indicate that the relation between the coulomb
charge and time while testing is in general a linear one; at least for good quality concrete.
Specimen compaction technique seems to have little impact on the measured coulomb charge.

Mohamed N. Abou-Zeid, Stephen L. McCabe, University of Kansas, 2008 Learned Hall, C &
E Engineering Dept., Lawrence KS 66045, 785-864-3826, Fax: 785-864-5631,
mnagib@kuhub.cc.ukans.edu; and David Meggers, Kansas Department of Transportation.
01-0363 “Performance Characteristics of Synthetic Synergy Fiber-Reinforced Concretes:
Strength and Toughness Properties”

This paper presents the results of an experimental investigation about the performance
characteristics of concrete reinforced with a newly developed synthetic synergy fiber. A number
of three-dimensionally reinforced concrete specimens (beams and cylinders) using four fiber
dosages (0.5, 1.0, 1.5, 2.0 percent by volume) had been cast and tested to evaluate the strength
and toughness characteristics. The strength tests included the compressive strength, flexural
strength (modulus of rupture), first crack strength, and impact strength. The toughness properties
evaluated were modulus of elasticity, the toughness indices I5, I10, I20, I30 and residual
strengths calculated according to ASTM C1018 test procedure, and the flexural toughness factor
(JCI) and the equivalent flexural strength calculated according to the Japanese Society of Civil
Engineers standard specifications. A new test method (ASTM C1399-98) was also used to
01-0255 “Influence of Rapid Chloride Permeability Test Parameters on Results of Silica
Fume and Non-Silica-Fume Concrete”

During bridge construction, an early prediction of the permeability of the concrete overlay is
always desirable. However, the field-extracted Rapid Chloride Permeability Test (RCPT)
specimens often have a thickness that differs from the ASTM (AASHTO) standard one (50.8
mm). The need may arise to test specimens at earlier age for an early prediction of the overlays'
performance. It has also been documented that thinner specimens may exhibit an increase in
temperature during the RCPT progress. This study investigates the impact of the RCPT Test
parameters on concrete made with and without silica fume. Silica fume and non-silica fume
concrete specimens were prepared with two compaction techniques. Test specimens were also
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determine the average residual strength of the concretes reinforced with the four different
synthetic synergy fiber dosages. The fiber reinforced concretes were mixed, placed,
consolidated, finished and cured under identical conditions. There was a significant increase in
the flexural strength and a slight increase in the first crack strength as the fiber content was
increased from 0.5 to 2.0 percent by volume. The ASTM toughness indices and the Japanese
toughness factors and equivalent flexural strengths were also significantly increased as the fiber
content increased. There was also a tremendous increase in impact strength for an increase in
fiber content. Very high average residual strengths (ARS) (ASTM C1399) were obtained and the
ARS values increased as the fiber content increased.

Srinivasa Murthy SomaSundar, Panchalan Ramesh, V. Ramakrishnan, South Dakota
School of Mines and Technology, Dept of Civil Engineering, 501 E St Joseph Street, Rapid City
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SD 57701, 605-394-2403, Fax: 605-394-5171, vramakri@silver.sdsmt.edu; and Charles
Pitts, Jr., Forta Corporation.

of the fly ash / cement replacement ratio from the traditional 1.3:1 ratio used by WisDOT to a
1:1 ratio did not cause any decrease in concrete quality in terms of the concrete properties cited
above. Fly ash mixes with a 1:1 replacement ratio and 30 or 40% fly ash content had reduced
compressive strength at ages of 3 and 7 days in comparison with control Grade A and Grade A-
FA mixes, which would result in a typical delay of 1 day in reaching the compressive strength
required for opening a concrete pavement to traffic.WisDOT now allows up to 30% Class C fly
ash content at a 1:1 replacement ratio for PCC pavements.

James M. Parry, Wisconsin Department of Transportation, 3502 Kinsman Blvd, Materials
Center, Madison WI 53704, 608-246-7939, Fax: 608-246-4669, james.parry@dot.state.wi.us.
01-2939 “Concrete Maturity Progress: Survey of Departments of Transportation”
This paper provides the results of a concrete maturity survey that was distributed to 50
departments of transportation in the summer of 2000. The purpose of this paper is to display
nation-wide advances and practices relating to concrete maturity and its applications for
predicting in-situ portland cement concrete strength. All recipients were then asked to forward
the survey to relevant persons within their department. Information such as research and DOT
project details, method of maturity determination, state applications, and general attitudes toward
the concept was requested. Representatives from 41 states replied to the 12-question survey.
Results revealed that about 73% of those states that responded either have conducted, or are
currently involved in at least minor research with the concept. Furthermore, approximately 29%
01-0109 “Wisconsin Department of Transportation Experience with High Fly Ash Content
and Reduction of Fly Ash Replacement Ratio in Concrete Pavements”

In the mid 1990's, shortages and price increases of portland cement generated interest in
determining the durability and constructability of PCC pavements with higher fly ash contents
than the 15-20% typically allowed by most states. WisDOT constructed pilot projects with test
sections with up to 40% Class C fly ash content, and performed extensive laboratory testing to
evaluate the engineering properties of these mixes. WisDOT also subsequently evaluated the
effect of reducing the fly ash/cement replacement ratio from the traditional 1.3:1 down to a 1:1
ratio. The test results indicated improvement in the concrete properties of long term compressive
strength, rapid chloride permeability, drying shrinkage, freeze thaw durability and scaling
resistance with increasing Class C fly ash content up to 30% in comparison with control
WisDOT Grade A concrete with straight portland cement. Mixes with 40% fly ash content
showed significantly increased scaling in comparison with control Grade A concrete. Reduction
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of the represented states have protocol or specifications governing the use of this developing
technology. Representatives throughout the United States have reported that maturity is being
used to predict critical strengths for actions such as pavement opening to the public, pavement
opening to construction traffic, structural acceptance, and formwork removal for bridges,
pavements, and other highway structures.

Paul J. Tikalsky and David G. Tepke, Pennsylvania State University, 201 Transportation
Research Building, University Park PA 16802, 814-863-5615, Fax: 814-865-3039,
tikalsky@psu.edu.
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description could give a powerful material assessment and pavement design tool for the
engineering of unbound pavement bases. A design chart is derived from the data described, so as
to illustrate a possible design approach.

Andrew R. Dawson, University of Nottingham, School of Civil Engineering, University Park,
Nottingham NG7 2RD, United Kingdom, 44 115-951 3902, Fax: 44 115 9513898,
andrew.dawson@nottingham.ac.uk; Sabine Werkmeister and Frohmut Wellner,
Technische Universitat Dresden, Germany.
01-2481 “Stress Path Testing for Proper Characterization of Unbound Aggregate
Behavior”

Realistic pavement stresses induced by moving wheel loads were examined in granular base
layers and the important effects of rotation of principal stress axes were indicated for a proper
characterization of unbound aggregate behavior. Granular material resilient moduli are
commonly determined at the centerline of the static wheel loading without taking into account
the effects of moving wheel loads and the constantly rotating field principal stress states.
Differences between field and laboratory applied stress states were shown by comparing the field
stresses simulated using a nonlinear axisymmetric finite element program GT-PAVE with the
stress states commonly used in the standard test procedure, AASHTO T294-94 (1). Three sets of
complete triaxial test data obtained from testing aggregates under various realistic in-situ stress
8. Mineral Aggregates

01-0152 “Permanent Deformation Behavior of Granular Materials and the Shakedown
Theory”

The paper describes the accepted understanding of the shakedown concept. It then describes the
results of several repeated load triaxial tests performed on crushed rock aggregates at different
stress levels for a large number of repetitions of loading. The development of the resulting
permanent deformation which accumulates with the repeated loading is described and compared
with the types of responses usually described by the shakedown approach. It is shown that the
existing shakedown approach can describe some, but not all, of the observed responses. Thus a
modified set of possible responses is defined in shakedown terms and some explanation of the
differences from the conventional approach are given. It is concluded that the method of
26

paths due to moving wheel loading were analyzed (2,3,4). Seven different granular material
modulus models were developed based on the experimental test data to include the applied mean
stress, applied shear stress, and the slope of stress path loading. Due to the complex loading
regimes followed in the laboratory tests, characterization models that analyzed simultaneously
the static and dynamic components of the applied mean and deviator stresses produced the
greatest accuracy. The model that considered the stress path slope variations predicted the best
stress path dependency of aggregate behavior due to moving wheel loads as obtained from the
test data of Tutumluer and Seyhan (4). Such advanced models that allow for the effects of
principal stress rotation better describe the granular material behavior under the actual field
loading conditions.

Erol Tutumluer and Fang-Ju Chou, University of Illinois, Urbana-Champaign, Department of
Civil and Environmental Engineering, Newmark Civil Engr Lab, MC 250, 205 North Mathews
Avenue, Urbana IL 61801-2352, 217-333-8637, Fax: 217-333-1924, tutumlue@uiuc.edu.
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anisotropic modeling eliminates tension zones predicted by isotropic models in granular layers.
This is an important step since the presence of such tensile zones have required adjustments in
layered pavement models which seek to predict pavement performance based on response
parameters.

Dallas N. Little, Alex Adu-Osei and Robert L. Lytton, Texas Transportation Institute, Texas
A&M University, TTI-CE Building Suite 801, College Station TX 77843-3135, 979-845-9847,
Fax: 979-845-9761, d-little@tamu.edu.

linear relationship between the permissible shear stress and the hydrostatic stress is deduced. It is
demonstrated that using this relationship as the basis for the kinetic equation in Continuum
Damage Mechanics, can lead to cracking from the top as well as from the bottom of a slab.
Finally DEM is used to study the effect of repeated loading on permanent deformation and
failure, for one of the samples. The effect on permanent deformation was found to be
pronounced, whereas the effect on failure was much more uncertain, although there could be
some indication of fatigue.

Per Ullidtz, Technical University of Denmark, Institute of Roads, Bldg 115 DTV Roads Section,
DK-2800 Lyngby, Denmark, 45 45 25 15 18, Fax: 45 45 93 64 12, pullidtz@ivtb.dtu.dk.
9. Pavement Management and Rehabilitation

01-2133 “Roughness Progression Model Based on Historical Data: Case Study from
Brunswick”

Prediction models are vital to the decision-making process in pavement and infrastructure
management. Roughness progression, in particular, is used for estimating service life of
pavement sections, assessing technically feasible treatments, and more importantly, for
01-2706 “Study of Failure in Cohesive Particulate Media using Distinct Element Method”
Permissible stresses or strains in pavement layers constitute the empirical part of the
Mechanistic-Empirical method. Whereas it appears to be possible to predict the actual stresses or
strains under a load (the mechanistic part) reasonably correct, there is much uncertainty with
respect to the permissible values. This paper explores some of the possibilities that the Distinct
Element Method (DEM) raises, for calculating permanent deformation and failure in pavement
materials. The study is limited to two dimensions and makes a number of assumptions that may
not be strictly correct. The results should, therefore, only be considered as indicative of some of
the possibilities of DEM. After a brief description of DEM, the paper presents tests to failure of
two different samples of elements, with different element shape and size distribution, and thus
different resulting pore volume after compaction. For one of the samples, seven different stress
paths are followed to failure (pure tension, uniaxial tension, pure shear etc.). From this a non-
01-2485 “Cross-Anisotropic Characterization of Unbound Granular Materials”
The mechanical properties of granular materials are nonlinear and stress dependent. Several
researchers have identified cross-anisotropy as a better model by which to characterize granular
materials. However, determination of cross-anisotropic material properties from conventional
triaxial setup has been extremely difficult. A laboratory testing protocol has been developed
based on theories of elasticity and the system identification method. The testing protocol is
efficient and precise. Material properties determined with the testing protocol satisfy elasticity
requirements. The cross-anisotropic material properties of four granular materials were
determined. The material properties were used as input into a finite element program, modified
to accept these properties, to determine pavement response. It was observed that nonlinear cross-
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predicting implications to life-cycle user costs, and hence serviceability of the facility to users.
Development of reliable prediction models has been impeded by lack of historical data. Limited
modeling approaches has considered climatic factors in historical roughness progression models.
The paper presents the development of roughness progression model based on the province-wide
historical data in New Brunswick. The model formulation identifies the interrelated effects of
traffic loading, and climatic factors - annual precipitation, and frost measured by degree-days
below -200C. Cluster analysis was employed to assign climatic factors to the historical
roughness data. Several incremental annual roughness models were formulated and tested. The
findings demonstrate the formulation of IRI progression models relating traffic loading and
climatic factors based on historical data.

Donath M. Mrawira, University of New Brunswick, 17 Dineen Drive, PO Box 4400, Civil
Engineering, University of New Brunswick, Fredericton, NB E3B 5A3, Canada, 506-453-4976,
Fax: 506-453-3568, donath@unb.ca.

The Illinois Roadway Information System (IRIS) was developed in the late 1980s to store current
year data on both Interstate and non-Interstate pavements. IDOT is currently developing a
geographic information system (GIS) based PMS that uses current and historical data for both
Interstate and non-Interstate pavements, employs engineering and economic analysis procedures,
and runs on a personal computer. The data, derived from both the IPFS and IRIS, include
pavement construction, rehabilitation, and traffic data. In addition, the system is equipped with
prediction models that can predict pavement and traffic conditions for the future. Historic,
current, and future traffic and pavement data can be displayed at the touch of a button. It is easy
to learn and use, and requires no experience in GIS. IDOT anticipates that it will save
considerable resources, in terms of both staff time and improved decision making.

Ghulam Hussain Bham, University of Illinois, Urbana-Champaign, B114 Newmark CE Lab.,
205 N. Mathews Avenue, Urbana, IL 61801, 217-333-6975, Fax: 217-333-9464,
bham@uiuc.edu; Nasir G. Gharaibeh, Michael I. Darter, ERES Consultants, Inc.; Laura B.
Heckel and James P. Hall, Illinois Department of Transportation.
01-3498 “Development of GIS Implementation Plan for Texas Department of
Transportation PMIS”

Integrating a GIS with an existing pavement management system (PMS) such as the TxDOT
PMIS is not as simple as merely installing a new piece of software into the existing PMS and
then operating it. A successful GIS implementation involves not only the information
technologies themselves but also other elements, such as personnel and their GIS skills, the
organizational structure within which they work and the institutional relationships that govern
the management of information flow. All of these elements need to be managed in an interactive
01-2970 “Illinois's Experience with Pavement Analysis and Management Systems”
The Illinois Department of Transportation (IDOT) has undergone several phases in developing
and implementing pavement management and analysis systems. This paper discusses the lessons
learned from the DOT’s decades of experience, as well as the future directions of these systems
in Illinois. In the late 1980s, IDOT developed the Illinois Pavement Feedback System (IPFS) to
store detailed current and historical data on Interstate pavement sections. IPFS data have been
used to conduct numerous engineering studies that helped in evaluating pavement design,
construction, and rehabilitation practices. These data also provided the ILLINET pavement
management system (PMS) with the database to answer ‘what if’ questions to help improve
management strategies, budgeting and to produce optimized multi-year rehabilitation programs.
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manner. GIS can serve as a platform for integrating various types of data, systems, and
technologies. Due to the nature of rapid changes in GIS and related information technology, a
well-developed GIS implementation plan is essential. This paper presents the development of a
comprehensive and practical implementation plan of using GIS to enhance the pavement
management practice in TxDOT. As the basis of the implementation plan, a “three-stage
implementation” concept was used to assess the current practice, define the visionary system,
and identify the intermediate solutions. The paper also presents various key issues and aspects
that are important to the successful implementation of GIS for pavement management.

Zhanmin Zhang, W. Ronald Hudson, University of Texas at Austin, Center for Transportation
Research, ECJ Hall 6.10 (C1700), Austin TX 78712-1076, 512-471 4534, Fax: 512-475-8744,
z.zhang@mail.utexas.edu; Stephen G. Smith, Texas Department of Transportation.

level of state involvement in airport operations creates a unique opportunity for a long-term
study of the performance of airport pavement throughout Alaska. In this paper, we present the
preliminary findings from our implementation of PAVER, our use of the Pavement Condition
Index (PCI), and our assessment of maintenance needs for the airports in Alaska. We focus on
specific issues we found critical to the success of the project. Our experience in implementing
PAVER in 48 airports may prove an instructive case study for other airport managers and
operators.

Robert Scott Gartin, Alaska Department of Transportation and Public Facilities; Chi Amy
Chow, Harding, ESE, a MACTEC Company, Harding Lawson Associates, 601 East 57th Place,
Anchorage AK 99518, 907-261-7428, Fax: 907 561 4574, chiamychow@earthlink.net; Hannele
Zubeck, University of Alaska, Anchorage.
01-0198 “AASHTO Drainage Coefficients for Flexible Pavements”
A method for determination of American Association of State Highway and Transportation
Officials (AASHTO) drainage (m) coefficients for flexible pavements is presented. In essence,
m-coefficients were developed as ratios of the layer coefficients of the AASHO Road Test
granular base material under any given drainage and climate condition to the layer coefficient of
the Road Test base material under Road Test site conditions. The layer coefficients were
calculated from resilient moduli determined for varying conditions by use of elastic layered
analysis. The moduli were varied by changing subgrade and base moisture conditions for any
given time of year. The base material moisture sensitivity (effect on theta model constants k, and
k2) was determined, in part, by the resilient modulus laboratory testing of granular materials.
01-3517 “Alaska Airports Pavement Management Program: Case Study of Implementing
Micro-PAVER at 48 Airports in Alaska”

The State of Alaska is nearly one quarter the size of the lower 48 states. This state has 1,112
designated airports, seaplane bases, and aircraft landing areas. Alaska is unique in that road
systems to many communities do not exist. The aviation system in Alaska links virtually all
communities, providing the only dependable year-round transportation access. Alaska
Department of Transportation & Public Facilities (ADOT&PF) owns and operates the majority
of these public airports. Of the 286 public airports, local municipalities own and operate a scarce
8%. ADOT&PF develops, maintains, and operates most of the 49 paved airports in Alaska. This
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The result of the above analysis was the creation of a set of tables which guides the designer to a
choice of m-coefficients. The new rn-values can be used to provide a rational measure of the
influence of pavement drainage on pavement performance.

David N. Richardson, University of Missouri, 205 Butler-Carlton Hall, Rolla MO 65409-0030,
573-341-4487, Fax: 573-341-4729, richardd@umr.edu.
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4) Maintenance and rehabilitation practices with porous pavements
The continued success of the use of these materials, both from a performance and public
acceptance standpoint, suggests they will be the pavement of choice in Oregon for the
foreseeable future.

Lucinda M. Moore, Oregon Department of Transportation; R. Gary Hicks and David F.
Rogge, Oregon State University, Dept. of Civil, Construction & Environmental Engineering, 202
Apperson Hall, Corvallis OR 97331-2302, 541-737-5318, Fax: 541-737-3052,
r.g.hicks@orst.edu.

and finite element models within an easy-to-use Windows user-interface, and can be used on a
routine basis. New response models to predict fatigue life and rut depth also were developed as
part of this effort and are included in MFPDS. New pavements and overlays may be designed to
limit predicted distresses to user-specified threshold values. The features of the mechanistic
analysis and design approaches used are presented.

Ronald S. Harichandran, Neeraj J. Buch, and Gilbert Y. Baladi, Michigan State University,
Dept. of Civil & Environmental Engineering, 3546 Engineering Bldg., East Lansing MI 48824-
1226, 517-355-5107, Fax: 517-432-1827, harichan@egr.msu.edu.
01-0193 “Assessment of Hot-in-Place Recycling Process on US-175”
This paper documents the effectiveness of a recycle-in-place (Remixer) process on US175, using
results from GPR, FWD, PSPA, condition surveys (crack mapping) and laboratory testing. FWD
and PSPA results indicate that the remixed sections are stiff, and the deflection values are in the
range typically observed in the Interstate Highway system. This recycling process removes
38mm of AC and adds 25% new material, for a finished thickness of 48mm. The stiffness of the
overall pavement structure was not significantly increased by the Remixer process, as the studied
01-2817 “Flexible Pavement Design in Michigan: Transition from Empirical to
Mechanistic Methods”

Michigan is rapidly moving toward the adoption and use of mechanistic-empirical design for
flexible pavements. To facilitate the transition from empirical to mechanistic design methods, the
Michigan Department of Transportation (MDOT) contracted the development of the software
named the Michigan Flexible Pavement Design System (MFPDS). This software provides a
holistic framework for the analysis and design of flexible pavements. MFPDS includes modules
for AASHTO design, linear and nonlinear mechanistic analysis, backcalculation, and
mechanistic design (including overlay design). The software incorporates enhanced elastic layer
01-0422 “Design, Construction, and Maintenance Guidelines for Porous Asphalt
Pavements”

Oregon has been using open-graded hot-mix on its roadway system since the late 1970s. Because
of the performance of these early jobs (and the continued good performance of these mixes),
open-graded hot-mix has been the preferred choice for a surface course on Oregon highways.
This paper describes the following with respect to the use of these mixes in Oregon:
1) Historical perspective
2) Design, including both mix and structural design
3) Construction, including QC/QA considerations
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pavement sections were already very stiff. Laboratory testing indicated that the Remixer process
yields a low penetration number, meaning the material is relatively hard and brittle. Based on the
results from FWD, PSPA, and laboratory testing, the pavement structure of the Remixer section
possesses sufficient strength to resist rutting. PSPA and Hamburg Wheel-Tracking test results
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show that the Remixer yields a stiffer material than a conventional overlay. The pavement
structure is stiff and should resist rutting. Many reflected cracks have been observed in the
Remixer sections. Crack-seal may need to be applied after 1-2 years (or as soon as those cracks
open enough to apply crack-seal) to prevent water from entering the pavement layers. The cause
for the next major rehabilitation to US175 will mainly be related to reflected cracking. It is
concluded that the Remixer treatment with 75% RAP is not a viable treatment in cases where
there is a problem with cracking. It is suggested that for US175, the RAP reclaim content should
be lowered to approximately 30%, using lower-viscosity asphalt to reduce cracking.

Dar-Hao Chen and John Bilyeu, Texas Department of Transportation, 4203 Bull Creek Road,
Building #37, Austin TX 78731, 512-467-3963, Fax: 512-465-3681, dchen@.dot.state.tx.us.

selected test sections of the I-80 and I-88 overlays. The I-80 and I-88 overlays were also tested
annually for International Roughness Index values. Condition Rating Surveys were conducted
every two years on I-80 and I-88 to define the overall condition of the pavement. The results of
the tests and surveys are included. Significant differences have been observed in the performance
of the I-80 and I-88 bonded concrete overlays. While the I-88 BCO has been performing very
well, the I-80 BCO, particularly the overlay in the eastbound direction, was in need of
rehabilitation only a few years after construction.

Tessa H. Volle, Illinois Department of Transportation, Bur. of Materials and Phycical Research,
126 East Ash Street, Springfield IL 62704, 217-782-7200, Fax: 217-782-2572,
VolleTH@nt.dot.state.il.us.
01-2200 “Overlay Performance in Canadian Strategic Highway Research Program's LTPP
Study”

The Canadian Long Term Pavement Performance (C-LTPP) study, initiated in 1989, involves 65
sections in the 24 provincial sites that received rehabilitation comprising various thicknesses of
asphalt overlays. This paper describes the impacts of the various alternative rehabilitation
treatments on pavement performance in terms of roughness progression under comparative
traffic loading, climate, and subgrade soil conditions. Roughness trends are the main subject of
the C-LTPP study. Progression of roughness for thin overlays (30-60 mm) is significantly higher
01-2147 “Thin Bonded Concrete Overlays in Illinois: Preliminary Report on Performance”
In recent years, two bonded concrete overlays (BCO) have been constructed in Illinois. The first
was constructed in 1994 - 1995 on a section of Interstate-80 (I-80), east of Moline, Illinois. The
second bonded concrete overlay was placed in 1996 on a section of Interstate-88 (I-88), further
east of Moline. Both the I-80 and the I-88 BCO sections were placed on 203-mm (8-inch) thick
continuously reinforced concrete pavements. The I-80 BCO is 102 mm (4 inches) thick and
includes six experimental sections with various percentages of microsilica added to the standard
mix design and different bonding agents used between the original pavement and the BCO. The
I-88 BCO is 76 mm (3 inches) thick and includes two experimental sections involving different
surface preparation methods prior to BCO placement. This paper summarizes the performance of
the bonded concrete overlays to date. Visual distress surveys were conducted annually on
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on a national basis than for medium (60-100 mm) and thick (100-185 mm) overlays. Factor
effects, including climatic zone, subgrade type and traffic level were also evaluated. Some
findings are that: (a) in wet, high freeze zones, thinner overlays show a higher rate of roughness
progression than thicker overlays, regardless of subgrade type; (b) in dry, high freeze zones,
roughness progression for medium and thick overlays is relatively small; (c) in wet, low-freeze
zones, thinner overlays combined with a fine subgrade show the highest rate of roughness
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progression, (d) traffic, in terms of Equivalent Single Axle Loads (ESALs) seemed to have a
limited effect for all the above; this was attributed largely to all the traffic essentially falling into
one level and the 200,000 ESALs per year designated as the boundary between low and high
traffic levels. In conclusion, the C-LTPP experiment has provided valuable information on
roughness trends after only eight years of observations. The methodology developed in this study
for pavement roughness evaluation can be applied to performance trends analysis of other
measured LTPP data.

Susan Tighe, Ralph C.G. Haas, University of Waterloo, Dept. of Civil Engineering, 200
University Avenue, Waterloo N2L 3G1, ON, Canada, 519-88-4567 x2176, Fax: 519-888-6197,
haas@engmail.uwaterloo.ca; and Ningyuan Li, Ministry of Transportation of Ontario,
Canada.

still highly rated in terms of cracking and patching. Visual surveys indicated that the amount of
cracking was still relatively insignificant in most of the tests sections. All the present
performance indications are that the crack-and-seat technique, when used in conjunction with an
ARMI as in this experiment, could be an effective rehabilitation strategy of PCC pavements.

Bouzid Choubane, Harold F. Godwin, James A. Musselman, Abdenour Nazef, Florida
Department of Transportation, Materials Office, 2006 N E Waldo Road, Gainesville FL 32609,
352-337-3132, Fax: 352-334-1648, bouzid.choubane@dot.state.fl.us; and Bjorn Birgisson,
University of Florida.
01-2459 “Structural and Performance Characteristics of Granular Overlays in
Washington State”

The granular overlay system is an alternative type of overlay for rehabilitating mostly low-
volume, rural pavements. The overlay consists of a layer of densely compacted, crushed stone
overlain by a generally thin surface layer (either a bituminous surface treatment or asphalt
concrete). The Washington State Department of Transportation (WSDOT) continues to be
interested in these roadways as performance has been better than expected with rehabilitation
survival lives doubling from 7 to 14 years with the addition of granular overlays. Previous
01-2271 “Long-Term Field Performance of Crack-and-Seat Rehabilitation Strategy”
In 1993 and 1994, Florida initiated the construction of seven crack-and-seat projects on different
parts of I-10. The primary intent was to obtain long-term field performance data to allow for a
more rational assessment of the effectiveness of the crack-end-seat technique in minimizing
reflection cracking in asphalt overlays. As a supplementary strategy to further reduce reflective
cracks, the experiment also included an asphalt-rubber membrane interlayer (ARMI). The
performance of a total of 14 four-lane sections was monitored, at the time of construction and
periodically thereafter. After approximately seven years of service, all the projects still have very
good to good ride characteristics while the majority of the sections exhibited less than 6-mm
(0.25 in.) of rutting. In addition, the overall performance of the Florida crack-and-seat projects is
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attempts to backcalculate layer moduli and understand the structural characteristics of granular
overlays were limited due to uncertainties associated with layer thicknesses. With known layer
thicknesses obtained from four sites, backcalculation of granular overlay pavements were
possible. These moduli along with straightforward performance information are used to
characterize granular overlays.

Jeff S. Uhlmeyer, James A. Lovejoy, Gion E. Gibson, Washington State Department of
Transportation, Materials Laboratory, PO Box 47365, Olympia WA 98504-7365, 360-709-5485,
Fax: 360-709-5588, uhlmeyj@wsdot.wa.gov; and Joe P. Mahoney, University of
Washington.
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zero rut depth in 10% of cases where there are ruts deeper than 16mm. This is mainly due to
limitations of the current rut-bar setup, specifically the sensor spacing and rut-bar length. When a
profile is collected accurately, its shape alone is still not adequate to determine the layer in which
rutting occurred. Material-related problems such as bleeding yielded wide-basin rutting that
appears to be base or subgrade rutting if it is observed from the profile alone. The profile has
been found inadequate to determine the major source of rutting, except when there is a clear
dual-wheel rut. This is a good indication of rutting isolated to the AC surface layer. The sensor
spacing recommended for routine data collection is 100mm. Analysis of the data shows this
spacing to be 95% accurate and capable of capturing dual-tire ruts.

Dar-Hao Chen, John Bilyeu, Deborah Walker, and Mike Murphy, Texas Department of
Transportation, 4203 Bull Creek Road, Building #37, Austin TX 78731, 512-467-3963, Fax:
512-465-3681, dchen@.dot.state.tx.us.
01-0349 “Application of Dynamic Cone Penetrometer in Evaluation of Base and Subgrade
Layers”

DCP is one of the lowest-cost alternatives for characterization of pavement layer qualities. It is
also fairly easy to collect and analyze DCP data. The DCP is not popular in the pavement
engineering community, partly due to the lack of a solid correlation between DCP results and
modulus values. In this study, over 60 DCP tests have been conducted on two APT test
pavements to assess the validity of empirical equations proposed in previous literature to
compute layer moduli from DCP data. The effect of testing procedure on the DCP values was
studied, and the DCP moduli were compared with those from FWD-MDD and laboratory tests.
It is found that the DCP values are dependent on the test procedure, which affects results by at
01-0319 “Study of Rut-Depth Measurements”
From time to time, Districts have reported that they see ruts on their highways, but not all ruts
are reflected in the PMIS data. This study provides an opportunity to compare results from the
rut-bar to those obtained by other devices and to determine why the rut-bar measurements are
different from field observations. Also, it would be beneficial to upper management if the source
or cause of the rutting could be identified based on an evaluation of the shape of the profiles
collected by next-generation rut-bar vehicles. Trenching data was collected on 10 different
pavements located in Texas. Rut depths were measured with several devices before a trench was
cut across the traffic lane. Careful measurement of each pavement layer was performed to help
determine the amount of rutting in each layer. It was found that although there may be 50mm of
rut as measured by a straightedge, the rut-bar sometimes measured no rutting. The rut-bar yields
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least 10%. If there is an AC layer, it is preferable to conduct DCP tests through a drilled hole. A
sample size of 6 is recommended for routine characterization of base and subgrade layers,
because this number would achieve a 95% of confidence level and an error of estimate of less
than 20%. DCP moduli using adopted equations yielded results compatible with those from
FWD-MDD tests. Those equations have been recommended to TxDOT for further evaluation
and use in routine analysis. The laboratory-determined subgrade moduli were only slightly
higher than those from DCP and FWD-MDD tests. No correction factor is required for the FWD-
backcalculated moduli to match the laboratory moduli.

Dar-Hao Chen, John Bilyeu, Texas Department of Transportation, 4203 Bull Creek Road,
Building #37, Austin TX 78731, 512-467-3963, Fax: 512-465-3681, dchen@.dot.state.tx.us;
Jian-Neng Wang, Ching-Yun Institute of Technology, Taiwan.
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for instance at the interface of each distinct material, the difference in the effective SNs
successively determined may be used to determine the structural layer coefficient for the material
bounded by any two interfaces. The Vermont Agency of Transportation (VTrans) has established
a procedure using FWD data, and the AASHTO effective SN model, to characterize structural
layer coefficients for Vermont pavement materials: 0.070 for sand subbase, 0.139 for crushed
stone subbase, 0.384 for ACC base, 0.580 for ACC binder, and 0.606 for ACC surface.
However, the structural layer coefficients determined by this method are only useful if they
represent performance conditions in the final structure. A statistical comparison of these findings
with an elastic layer simulation of the final structure was performed. The statistical findings of
this study indicate p>0.05 when comparing FWD derived layer coefficients to layer coefficients
estimated for the final structure using an elastic layer simulation.

Michael Pologruto, Vermont Agency of Transportation, 133 State Street, Montpelier VT
05633, 802-828-3876, Fax: 802-828-5742, michael.pologruto@state.vt.us.
01-0203 “Verification of Network Level Pavement Roughness Measurements”
In 1997, the Ministry of Transportation of Ontario (MTO) switched to IRI measurements as an
indicator of network-level pavement roughness within their pavement management system.
Measurement of pavement roughness or ride quality in terms of International Roughness Index
(IRI) can be performed using different measuring devices. However, the results of individual
measurements on the same pavement section may vary significantly due to the use of different
measuring devices, varying longitudinal profiles and measuring speeds. Recent evidence
obtained by MTO indicates that the longitudinal profile measurements provided by different
measuring devices contain systematic differences ranging from 0.1 to 1.0 m/km. Such IRI
01-2259 “Procedure for Using Falling Weight Deflectometer to Determine Structural
Layer Coefficients for Flexible Pavement Materials”

The American Association of State Highway and Transportation Officials (AASHTO) pavement
design model is one of the most widely used empirical design models for flexible pavement
design. A factor complicating its utility is the use of an abstract quality, in this case the structural
number (SN), to quantify the strength of the total structure. A consequence of the SN is the need
for structural layer coefficients (ai) to characterize the component materials of the pavement
structure. These layer coefficients are difficult to assess directly. However, this paper presents a
method for determining layer coefficients using a falling weight deflectometer (FWD) that are
representative of the in situ behavior of the pavement materials. This method is based on a model
provided in the 1993 edition of the AASHTO Guide for Design of Pavement Structures for
assessing the effective SN. When the FWD tests a pavement structure in an incremental fashion,
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differences cause significant concerns for agencies that contract out network level roughness
measurements on yearly basis. Through the process of verifying and comparing longitudinal
profile measurements using different profilers, the MTO has gained insight into the functional
relationships and factors affecting profile measurements in terms of precision and bias. This
paper describes verification techniques used to obtain normalised, reproducible and time-stable
IRI measurements supplied by different IRI providers. It addresses preliminary findings and
statistical analyses of IRI values measured on a verification circuit, which is composed of 12
sections with four different pavement types. In addition, analysis of the various IRI
measurements and their impacts on network level pavement serviceability are discussed.

Ningyuan Li, Thomas J. Kazmierowski, and Brij Sharma, Ministry of Transportation of
Ontario, Pavements and Foundations Section, Materials Engineering and Research Office,
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Room 232, Building C, 1201 Wilson Avenue, Downsview, ON, M3M 1J8, Canada, 416-235-
3518, Fax: 416-235-3919, li.ningyuan@mto.gov.on.ca.

projects that include some component of the Superpave technology. For 17 of these projects
parallel Hveem and Superpave mix designs were conducted. In 13 of the 17 cases, the Superpave
design asphalt content was equal to or greater than the Hveem design asphalt content, although
the difference was usually no more than 0.2 percent. A conventional Hveem mix design was
conducted for 18 of the original 44 projects placed using a PG binder (Hveem-PG). The
remaining 26 projects were truly Superpave, i.e., the materials selection and mix design were
established in accordance with the Asphalt Institute's SP-2, Superpave Level 1 Mix Design.
According to WSDOT practice the following numerical indices trigger maintenance: Pavement
Structural Condition (PSC) £ 50, rutting ³ 13 mm, or International Roughness Index (IRI) ³ 500
cm/km. Although relatively "young," all 44 projects are performing quite well. The average
values of rutting, PSC and IRI (4, 91 and 121, respectively) are all well below the "trigger"
values. With respect to rutting and PSC, the performance of Hveem-PG and Superpave projects
is virtually identical. However, the ride quality of the Superpave projects is a bit rougher than
that the Hveem-PG binder projects: IRI of 134 for the former and 103 for the latter. The higher
values of IRI measured on the Superpave projects may be the result of the typically coarser
aggregate gradation or differences in construction techniques

Harold Von Quintus, Ahmed A. Eltahan and Amber Yau, Fugro-BRE, Inc., 8613 Cross Park
Drive, Austin TX 78754, 512-977-1800, Fax: 512-973-9565, hvonquintus@fugro.com.
01-0327 “As-Constructed Smoothness Measurement of Portland Cement Concrete
Pavements Using Lightweight Profilometers”

Several lightweight, non-contact profilometers (LWP) are now available to measure profiles of
the newly constructed Portland Cement Concrete Pavements (PCCP). As-constructed
smoothness measurements by four LWP's and the California-type profilograph were done on
four newly constructed PCCP sections on 1-70 in Kansas. The LWP's are: Ames Engineering
LISA, K. J. Law T6400, ICC ATV LWP and SSI LWP. Smoothness measurements by two high
speed profilers, KDOT South Dakota profilometer and K. J. Law T6600, were also made. Data
was statistically analyzed in the Analysis of Variance (ANOVA) and the Least Squares Means
(LSMeans) approach. The lightweight profilometers showed statistically similar Profile Index
(PI) values as the California- type profilograph. However, on average, the Califomia-type
01-0322 “Smoothness Models for HMA-Surfaced Pavements Developed from LTPP
Performance Data”

Washington DOT (WSDOT) has aggressively investigated selected components and concepts of
the SHRP/Superpave technology to include the following: Performance Grade (PG) binder usage
and specification validation, gyratory mix design; the Superpave Shear Tester (SST); and field
performance of Superpave mixes. The focus of this paper, however, is on field performance of
Superpave mixes. Validation of the binder specification with respect to low temperature cracking
was accomplished using binder and field performance data from 28 projects. The results were
very encouraging: the original SHRP algorithm for binder selection correctly "predicted" field
performance in 22 of 28 cases, whereas the LTPP algorithm SHRP algorithm for binder selection
correctly "predicted" field performance in 26 of 28 cases. Since 1993, WSDOT has placed 44
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profilograph reported lower PI values on most of the sections, especially on the driving lane. The
International Roughness Index (IRI) values reported by LISA, T6400 and ICC ATV were
statistically similar. The South Dakota type profiler reported statistically similar IRI values to
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those reported by the LWP's and the K. J. Law T 6600 in most of the cases. However, significant
differences were observed in some cases when compared with the K. J. Law T6600 profiler and
SSI LWP. Variable coefficients of determination, R', values were obtained by doing a linear
regression analysis between the PI's from the LWP's and those from the California-Type
Profilograph. A correlation analysis was also done between with the PI and IRI data for the same
section for a given profiler. The relationship between these smoothness statistics appeared to be
more site-specific than being universal.

Mahmuda Akhter, Jeffrey Hancock, John Boyer, William J. Parcells, Jr., and Mustaque
Hossain, Kansas State University, Dept of Civil Engrg, 2118 Fiedler Hall, Manhattan KS
66506, Tel: 785-532-1576, Fax: 785-532-7717, mustak@ksu.edu

maximum rut depths within each wheel path varied from 1.55 to 2.19 m with an average of 1.86
m. The measured rut depth increased by as much as 300 percent when the sensor spacing was
varied from 0.75 to 1.20m. Measuring the transverse profile was determined to be the most
accurate method of measuring rut depth. It will be possible to accomplish this either with
additional sensors required to capture the transverse profile in the road surface profiler or with a
transverse profilograph.

Yusuf A. Mehta, Reynaldo Roque, George Lopp and Claude Villiers, University of Florida,
345 Weil Hall, P.O. Box 116580, Gainesville FL 32611-6580, 352 392 7368, Fax: 352 392
3394, yam1@ufl.edu, rroqu@ce.ufl.edu.
01-2678 “Increasing Life Cycle of Pavement Structures by Lane Shifting”
Increasing the life cycle of a system by adopting a proper operational policy is the most efficient
way of improving the productivity of the system. While a better design requires a higher initial
cost, and a good maintenance program needs an ongoing expense, the cost of an optimum
operation is often relatively low. Pavement systems are not an exception to this rule. A key factor
in optimising the operation of a pavement system is to let the pavement cross-section deteriorate
uniformly. In this note, lane shifting is proposed as an effective operational policy to increase the
efficiency of pavement systems. The approach is based on the lateral transfer of wheel loads in
order to reduce the damage due to load repetitions under the wheel paths. Based on a parametric
01-0435 “Evaluation of Road Surface Profiler and Transverse Profiler for Determination
of Rut Depth Measurements”

In recent years, the road surface profiler (RSP) also known as the high-speed profiler has been
used as the standard equipment to measure rut depths. Typically, in highway pavements, a RSP
with a three-sensor configuration is used to measure rut depth. The spacing between the sensors
may vary from 0.74 m to 0.90 m depending on the manufacturer. In this study, rut depth
measurements were taken using an RSP with three sensors at a spacing of 0.87 m and with a
transverse profilograph (TP) on six projects, each approximately eight kilometers (five-miles)
long. The rut depth at any given location from the RSP was, on average, three times less than the
TP. Different values of rut depth were determined by simulating the lateral movement of the
vehicle, effectively, vehicle wander. The comparison of the rut depth measurements between the
actual RSP and the simulated RSP showed that the RSP vehicle had wandered from the center in
almost all cases and the wander in some cases was up to 0.57 m. The distance between the
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study, factors involved in the effectiveness of this strategy are determined and a methodology for
cost/benefit analysis is presented.

Mehdi Parvini, McMaster University, Department of Civil Engineering, Hamilton, ON, L8S 4L7,
Canada, 905-525-9140, Fax: 905-529-9688, mmparvini@hotmail.com.
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Shelley M. Stoffels, Pennsylvania State University, Civil & Environmental Engineering Dept.,
212 Sackett Engineering Building, University Park PA 16802-1408, 814-865-4622, Fax: 814-
863-7304, stoffels@psu.edu; Dennis A. Morian, Douglas J. Frith, Quality Engineering
Solutions, Inc.; and Charles D. Larson, Virginia Department of Transportation.

LS-DYNA and full-scale vehicle testing using 2000-kg pickup trucks and 820-kg small cars in
accordance with the TL-3 safety performance requirements specified in NCHRP Report No. 350.
Nine full-scale crash tests were performed on the new system. Several changes were made to the
bullnose system to improve its safety performance during the course of the testing and
development.

Bob W. Bielenberg, John D. Reid, and Ronald K. Faller, University of Nebraska, N104
WSEC (0656), Lincoln NE 68588-0531, 402-472-3084, Fax: 402-472-1465, jreid@unl.edu.
01-0276 “Washington State Cable Median Barrier”
In the mid 1960’s, the New York State Department of Transportation developed a 3-strand cable
barrier that has several desirable characteristics as compared to other roadside barriers. This
system was crash tested in accordance with the National Cooperative Highway Research
Program (NCHRP) Report 350 crash test criteria as a roadside barrier. With the roadside barrier,
all 3 cables are placed on the traffic side of the posts. Since 1988, the American Association of
State Highway and Transportation Officials (AASHTO) Roadside Design Guide has contained
information on a cable median barrier design that has the middle cable mounted on the opposite
10. Safety

01-0204 “NCHRP Report 350 Compliance Testing of a Bullnose Median Barrier System”
A new bullnose guardrail system for the treatment of median hazards was developed and
successfully crash tested according to the safety criteria set forth in NCHRP Report No. 350. The
new system consists of a 4,500-mm wide by 4,824-mm long nose section comprised of three
sections of curved thrie beam guardrail attached to parallel sides of thrie beam guardrail 4,500-
mm apart. The nose section was designed to safely capture and contain vehicles impacting the
nose. Two 7x19 steel cables were attached behind the top two humps of the nose section to
ensure vehicle capture in the event that the thrie beam ruptured. Additionally, the first five
sections of guardrail had horizontal slots cut in the valleys of the rail to improve vehicle capture
and reduce the formation of large kinks that could pose a threat to a vehicle as the system
deformed to absorb an impact. The research study included computer simulation modeling using
01-2893 “Quality Analysis Methods for Pavement Distress Data”
The issue of validating and verifying the quality of pavement inventory data, including distress
and roughness information, has been an elusive subject. This paper describes the development of
a useful methodology for accomplishing this important objective. A process is described which
can be used to identify an acceptable range, for purposes of comparing results from two
independent sources. ASTM D2S concepts have been successfully applied to distress and other
pavement performance information. Using these concepts, quality control and acceptance
methods are identified for controlling and accepting the quality of pavement distress data for the
Virginia DOT. The distress data considered has been collected using digital imaging interpreted
by human raters. Data quality is enhanced by using multiple production raters and separate
quality control raters.
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side of the posts so that it can contain and redirect vehicles that strike the system from either
side. In the early 1990’s, the Washington State Department of Transportation (WSDOT) became
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interested in using this design for medians that are over 10 m in width. As a result of this interest,
WSDOT sponsored crash tests to evaluate the performance of this barrier, in accordance with
NCHRP Report 350 criteria, with a small car and a pickup truck. In both tests, the vehicle was
contained and brought to a stop. The occupant risk values were within the preferred limits set by
NCHRP 350 and the damage to both vehicles was relatively minor.

Richard B. Albin, Washington State Department of Transportation, P.O. Box 47239, Olympia
WA 98504-7329, 360-705-7269, Fax: 360-705-6815, albind@wsdot.wa.gov; Lance Bullard
Jr. and Wanda L. Menges, Texas Transportation Institute.

conducted and reported in accordance with the Test Level 3 (TL-3) requirements specified in
National Cooperative Highway Research Program (NCHRP) Report No. 350, Recommended
Procedures for the Safety Performance Evaluation of Highway Features. The safety performance
of the W-beam barrier system was determined to be acceptable according to TL-3 criteria found
in the NCHRP Report No. 350.

Karla A. Polivka, Dean L. Sickling, Ronald K. Faller, and John R. Rohde, University of
Nebraska, Midwest Roadside Safety Facility, 1901 Y Street, Bldg C, Lincoln NE 68588-0601,
402-472-9070, Fax: 402-472-0506, kpolivka2@unl.edu.
01-2282 “Improvements to the Weak-Post W-Beam Guardrail”
The weak-post w-beam guardrail has been widely used in a number of northeastern states for
many decades. Weak-post guardrails are characterized by larger dynamic deflections in a
collision and are considered more forgiving than other, stiffer barriers. When located with
adequate clear space behind the barrier most states have experienced good performance with
these barriers over the past several decades. Unfortunately, recent crash tests of the standard
weak-post w-beam guardrail involving the 2000-kg pickup truck resulted in a series of
unacceptable test results including over-riding and penetrating the guardrail. Design
modifications to the weak-post w-beam guardrail were explored using finite element simulations
and full-scale crash tests. An improved version of the weak-post w-beam guardrail system was
01-0343 “W-Beam Guardrail Adjacent to a Slope”
A W-beam guardrail system was developed and successfully crash tested for use on a 2:1
foreslope. The guardrail design was constructed with 2.66-mm (12-gauge) thick W-beam rails
totaling 53.34 m in length and incorporated a half-post spacing section of 17.15 m. The W-beam
rail was supported by fifteen W150x13.5 by 1,829-mm long steel posts, spaced 1,905-mm on
center, and nineteen W150x13.5 by 2,134-mm long steel posts, spaced 952.5-mm on center.
Routed, 150x200x360 wood spacer blockouts were used to block the rail away from each post.
The research study included bogie testing on steel posts placed in sloped fill, computer
simulation modeling with BARRIER VII, and one full-scale vehicle crash test, using a ¾-ton
pickup truck. The test, impacting at a speed of 100.7 km/hr and an angle of 28.5 degrees, was
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developed and tested and found to satisfy the requirements of NCHRP Report 350 for Test
Level.

Malcolm H. Ray, Klas E. Engstrand, Chuck A. Plaxico, Worcester Polytechnic Institute,
Department of Civil Engineering, 100 Institute Road, Worcester MA 01609-2280, 508/831-
5340, Fax: 508/831-5808, mhray@wpi.edu; and Richard G. McGinnis, Bucknell University.
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11. Soils, Geology and Foundations

proposed. Two visual surveys were completed. In the first year, of the 25 sections evaluated, 23
were judged to be performing well, with little or no surface distress. However in the next year,
after a severe summer, only 17 were judged to be performing well. The major distress found was
severe localized longitudinal cracking, which originated in the subgrade. The shrink/swell
potential of the subgrade soil appears to be the major factor controlling pavement performance.
Sections constructed on soils with a Plasticity Index of more than 35 did not perform well. The
severity of the surface cracking was also related to the following secondary factors: a) the
summer droughts of 1996 and 1998, b) the presence of trees near the edge of the pavement, c)
the side slope conditions, and d) the strength of the stabilized layer. In conclusion, the base
recycling technique applied by the Bryan District appears to be working well if the subgrade
soils have low to moderate plasticity indices (PI's). This technique is not recommended for
sections constructed on high PI subgrades.

Imran M. Syed, LAW/PCS, A Division of Law Engineering and Environmental Services, Inc.,
11748 South Laurel Drive, #3A, Laurel MD 20708, 240-456-0384, Fax: 301-210-5032,
isyed@lawco.com; and Tom Scullion, Texas Transportation Institute.

design resilient and strength properties are achieved. These properties are used in a mechanistic
analysis to assess the effectiveness of the lime-stabilized subgrades in Mississippi.

Dallas N. Little, F.A.M. Shafee Yusuf, Texas Transportation Institute, Texas A&M University,
TTI-CE Building Suite 801, College Station TX 77843-3135, 979-845-9847, Fax: 979-845-9761,
d-little@tamu.edu; and Shondeep L. Sarkar, Sarkar & Associates, Inc.
01-0172 “Design and Installation of Horizontal Wick Drains for Landslide Stabilization”
One of the most effective options to stabilize landslides is to reduce the amount of water they
contain by installation of horizontal drains. A new type of horizontal drain material, geosynthetic
01-3379 “Evaluation of Structural Contribution of Lime Stabilization of Subgrade Soils in
Mississippi”

The Mississippi Department of Transportation (MDOT) has used hydrated lime for over 30 years
to stabilize subgrades. In 1998 a project was initiated to assess material properties and
performance derived from lime treated subgrades (LTS). This paper describes some pertinent
findings of the study. In situ properties of lime stabilized subgrades are identified based on
Falling Weight Deflectometer (FWD) deflection measurements, Ground Penetration Radar
(GPR) profiles, and Dynamic Cone Penetrometer (DCP) logs. The in situ properties are
compared to laboratory strength and resilient modulus test results for the same materials to
establish reliable design resilient and strength properties for these stabilized layers. A laboratory
mixture design and testing protocol is presented for lime stabilized subgrades to assure that
01-2444 “Performance Evaluation of Recycled and Stabilized Bases in Texas”
A structural evaluation was performed on 25 base recycling projects in the Bryan District of
Texas Department of Transportation. The recycled layers were stabilized with cement or lime,
and each was 250 mm thick. On the higher volume roadways, an unstabilized flexible base was
placed over the stabilized layer followed by a two course surface treatment (2 CST). On the other
pavements the 2 CST was placed directly on the stabilized layer. Testing involved the use of the
Dynaflect, falling weight deflectometer, dynamic cone penetrometer, and ground- penetrating
radar. A correlation was generated between the backcalculated layer moduli and the percentage
of stabilizer used. Tentative moduli values, to be used in future thickness designs, are also
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wick drains, and a new installation method, that of driving drains rather than drilling them, has
been evaluated. Horizontal wick drains offer several advantages over conventional horizontal
drains: they resist clogging, they are inexpensive, they may be deformed without rupture, and
they may be installed by unskilled laborers with a minimal investment in equipment. We have
installed more than 100 drains at eight sites in Missouri, Colorado, and Indiana using bulldozers,
backhoes, and standard wick drain driving cranes. Drains have been driven 30m through
materials with SPT values as high as 28. Both experience and research indicate that drains should
be installed in clusters which fan outward, aiming for average spacing of 8m for typical clayey
soils. As with drilled drains, some drains will be expected to be dry initially, although these
drains will often become active during wet periods and serve as an important part of the overall
slope stabilization scheme. Drain effectiveness is expected to build over the first few years as the
effects of soil smear during drain installation are removed, peaking at 3-6 years after installation.
The effectiveness is then expected to decrease as fine particles slowly clog the drain pores. Based
on extrapolation of published tests, clogging occurs slowly enough in typical clay soils that the
drain life will be comparable to project lifetime.

Paul M. Santi, C. Dale Elifrits, University of Missouri, Dept. of Geological Engineering, 129
McNutt Hall, Rolla MO 65401, 573-341-4867, Fax: 573-341-6935, psanti@umr.edu; and
James A. Liljegren, Black & Veatch LLP.

movements and stresses in the FRB and OFC buildings. The CA/T instrumentation specification
describes threshold and limiting values for all of the FRB and OFC instruments which may
trigger responses ranging from more frequent readings to modifications of construction
procedures, and in the extreme to implementation of a specified contingency plan. The paper
presents typical data and how it was used to control the adjacent construction process.

Lewis Edgers, Tufts University, Dept of Civil & Environ Engrg, Anderson Hall, Medford MA
02155-5577, 617-627-5875, Fax: 617-627-3994, ledgers@tufts.edu; Richard Henige,
Kenneth B. Wiesner, LeMessurier Consultants; and Thomas L. Weinmann, CTL Engineering,
Inc.
01-2998 “Laterally Loaded Drilled Shafts Embedded in Soft Weathered Rock”
The current design criterion for laterally loaded drilled shafts embedded in weathered Piedmont
rock profiles is a challenging effort on the part of the engineer. A substantial cost savings could
be realized, while maintaining an acceptable and safe performance, if a rational method is
developed for the analysis and design of drilled shafts in such a profile. The objective of this
paper is to present the results of a lateral load test embedded in Piedmont weathered rock. Two
full-scale lateral load tests were performed on 0.762 meter (30 inch) diameter drilled shafts. A
01-0104 “Monitoring Effects of Deep Excavation on Two Adjacent Office Buildings”
This paper describes the instrumentation systems that were developed to monitor the effects of
excavations for the Boston Central Artery/Third Harbor Tunnel (CA/T) project on two adjacent
modern, high-rise office buildings. These are the Federal Reserve Bank of Boston(FRB) and the
One Financial Center(OFC) buildings. The CA/T work adjacent to the FRB and OFC buildings
consists of a multi-lane cut-and-cover highway tunnel extending to a maximum excavation depth
of more than 33.55m(110 ft) below the ground surface and more than 21.35 m(70 ft) below the
foundation levels of both buildings. Because even small excavation induced ground movements
may have large effects on modern buildings, the FRB and OFC were extensively instrumented to
monitor and help control the effects of the CA/T excavations on these buildings. A
comprehensive array of insturmentation has been installed to measure excavation induced
40

mailto:psanti@umr.edu
mailto:ledgers@tufts.edu


site characterization was performed and fully instrumented drilled shafts were constructed and
tested to obtain data and develop field P-y curves. In-situ rock dilatometer testing was performed
as a part of the site characterization. Rock dilatometer testing indicated elastic modulus values
that range from 170 MPa (25000 psi) to 400 MPa (58000 psi) for the soft weathered to
competent rock, respectively. Results of this load test demonstrate that P-y curves can be
successfully measured using the inclinometer and strain gage combination. Comparisons are
made to a P-y curve obtained from the Reese’s method, strain gages, and the rock dilatometer.
The strain gage and rock dilatometer results indicated fair agreement. However, Reese’s method
overpredicted the P-y curve values mainly as a manifestation of the input rock properties.

Kook Hwan Cho, Shane C. Clark, Mohammed A. Gabr, Roy H. Borden, North Carolina
State University, P.O. Box 7908, 208 Mann Hall, Department of Civil Engineering, Raleigh, NC
27965, 919-513-1734, Fax: 919-515-7908, khcho@eos.ncsu.edu; and Brian D. Keaney,
North Carolina Department of Transportation.

specified tilt values were detected, the system initiated a phone call to key PennDoT personnel
who then monitored tiltmeter measurements in real time via a phone line connection. Based on
this information they could alert other agencies if necessary, and intensify visual reconnaissance
to determine if lane closures were necessary.

Kevin M. O'Connor, GeoTDR, Inc., 297 Pinewood Drive, Apple Valley MN 55124, 612-431-,
3415, Fax: 612-431-2016, kevin@geotdr.com; Charles H. Dowding, Northwestern
University; Ronald J. Clark and David J. Whitlatch, Pennsylvania Department of
Transportation.
01-3394 “Instrumentation and Construction Performance Monitoring for I-15
Reconstruction Project, Salt Lake City, Utah”

The I-15 Reconstruction Project in Salt Lake City, Utah involves the widening and rebuilding of
27 kilometers of urban interstate on alluvial and lacustrine deposits. In some locales, these soils
have low shear strength and require up to 2 to 3 years to complete primary consolidation
settlement. The aggressive 4-year total construction schedule required much of the embankment
and foundation work to be completed in the first 12 to 18 months of the project, including the
time required to complete primary settlement. To meet rigorous schedule constraints, the
geotechnical construction made extensive use of prefabricated vertical drains (PVD), ground
modification, staged-embankment construction, light-weight fill, mechanically stabilized earth
01-3350 “Real-Time Monitoring of Subsidence Along I-70 in Washington, Pennsylvania”
Two longwall panels were mined at a depth of approximately 168 m beneath I-70 east of
Washington, Pennsylvania. Chain pillars between the two panels are located beneath a portion of
the Interstate right-of-way but the highway curves such that it crosses the width of one panel at
two locations. The Pennsylvania Department of Transportation assumed responsibility for real
time monitoring of both ground deformation and changes in highway conditions. Innovative
monitoring of ground deformation was accomplished with time domain reflectometry to
interrogate coaxial cables installed in deep holes and an array of thirty-two tiltmeters along the
highway shoulder. Surface monitoring was also conducted with global positioning system
measurements at more than one hundred locations. The tiltmeters were connected to a central
remote data acquisition system that automatically recorded and stored measurements. When
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(MSE) walls and pile foundations. Also, due to rigid time constraints, initial foundation
preparation and embankment construction proceeded as parallel activities with the geotechnical
design. Thus, much of the initial geotechnical design was completed without the benefit of
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exhaustive field testing. However, as construction progressed a substantial field instrumentation
and performance monitoring program was implemented to verify the preliminary design and to
ensure that construction proceeded with minimal risk of embankment failure and/or excessive
deformation and settlement. Thus, instrumentation and performance monitoring played a vital
role in affirming the initial design and developing additional understanding about the strength,
deformation, and consolidation characteristics of the soft soils. This paper discusses the
development of the instrumentation monitoring plan and how performance monitoring was
implemented to impact construction processes and to improve subsequent geotechnical design.

Steven Bartlett, Utah Department of Transportation, 4501 South 2700 West, Salt Lake City UT
84119, 801-965-4115, Fax: 801-965-4796, sbartlet@dot.state.ut.us; Greg Monley, Kumar
and Associates; Andrew Soderborg and Andrew Palmer, Terracon Consultants Western, Inc.

is designed to handle both surface and subsurface drainage assets and has the flexibility to be
implemented at any level of maintenance jurisdiction. A complete description of the program's
functionality, from the selection of inspection units to the generation of maintenance ratings, is
provided.

Jagannath Mallela, Patricia A. White, Leslie Titus-Glover and Kelly L. Smith, Applied
Research Associates, Inc., ERES Consultants, 505 W. University Ave., Champaign IL 61820,
217-356-4500, Fax: 217-356-3088, jmallela@ara.com.
01-0231 “Real-Time Evaluation of Site Characterization to Direct and Conclude
Exploration”

This paper demonstrates a computationally efficient method to direct and evaluate the
sufficiency of site characterization activities associated with roadway construction. The method,
entitled reliability-based exploration (RBE), combines 3D subsurface analysis with the
uncertainty associated with subsurface data to produce a quantifiable measure of exploration
sufficiency, which is directly related to the probability of project success. RBE employs a first-
order Taylor series expansion to combine the performance model sensitivity and input data
uncertainty to calculate the variance in project performance in real time, which, given enough
time and computer resources, could be calculated by conventional Monte Carlo (MC)
01-3323 “QA Procedure to Assess Maintenance Adequacy of Drainage Assets”
The engineering community has long known the need and importance of adequate maintenance
of drainage structures. However, despite several regional and national studies that highlighted the
ill-effects of poor maintenance not many agencies have looked to improve their inspection and
maintenance schedules. Although inadequate funding is the most plausible reason for this
scenario, the lack of formal procedures to survey drainage assets, determine their conditions vis-
a-vis their functional objectives, and objectively quantify their condition also add to the problem.
This paper describes a prototype maintenance quality assurance (QA) procedure developed to
evaluate the adequacy of drainage asset maintenance in a consistent manner. Key components of
the QA procedure are discussed in detail. A software program developed to implement the
various components of the QA procedure is also described. The program is intended to serve as a
simple tool to check the condition and functionality of drainage assets at any time. The program
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simulations. The study shows that the Taylor series, together with direct derivative coding
(DDC), can generate the performance variance much faster than MC simulations. For the
example presented, the Taylor series with DDC calculates results 160 times faster than MC. The
RBE method begins with a prior model of the subsurface that can include engineering judgment.
As new information is collected at a site, the prior subsurface model is updated with new site
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data. The robustness and efficiency of RBE is illustrated with a practical example of exploration
associated with two designs of a highway interchange. The example illustrates the RBE approach
by identifying the next location for exploration and evaluating characterization sufficiency.
Moreover, this paper describes the effects of different designs on exploration. The example
shows that design affects 1) surface settlement, 2) location of the next boring, and 3) termination
of exploration (number of required borings).

Andrew J. Graettinger, Thanaporn Supiyaslip, and S. Rocky Durrans, University of
Alabama, Department of Civil and Environmental Engineering, 260 Mineral Industries Building,
Box 870205, Tuscaloosa AL 35847, 205-348-1689, Fax: 205-348-0783,
andrewg@coe.eng.ua.edu.

derived from calibration tests on trial sections and (b) the introduction of restraining deflection
values that characterize the contribution of each layer to decreasing the deflection value. This
paper also concentrated on the possible use of the German Light Drop-Weight (LDW) device for
measuring the mechanical properties of the formation of flexible pavements. Based on the cost
per test, rate of testing, and quality of the data, the German LDW can serve as a cost-
effectiveness testing device for quality control and assurance during subgrade and capping-layer
compaction.

Moshe Livneh, Technion - Israel Institute of Technology, Transportation Research Institute
Technion City, Haifa  32 000, Israel, 972-4-8292362, Fax: 972-4-225716,
moshliv@techunix.technion.ac.il; and Yair Goldberg, T&M Technology and Management, Ltd.
01-0303 “Automated Measurement of Total Suction Characteristics in High Suction
Range: Application to Assessment of Swelling Potential”

This paper describes an automated experimental system to characterize moisture content-total
suction relationships, i.e., total suction characteristic curves, for unsaturated clayey soils. Unlike
traditional techniques requiring independent measurement of total suction and moisture content
(e.g., thermocouple psychrometry, filter paper, etc.), suction is directly controlled and
corresponding moisture contents are continuously monitored. The system is applicable for total
suction values ranging between approximately 620,000 kPa and 14,000 kPa. Total suction is
controlled during testing by computer-automated rationing of "dry" and "wet" nitrogen gas in a
closed environmental chamber. To develop characteristic curves, the equilibrium moisture
01-0106 “Use of Falling Weight Deflectometer and Light Drop-Weight for Quality
Assessment During Road Formation and Foundation Construction”

Mechanistic-empirical-based specifications, which focus on the mechanical properties of
materials, facilitate quantitative evaluations of alternative construction practices and materials,
such as reclaimed materials. Thus, quality-control and assurance testing would be expected to
include stiffhess along with density measurements. This paper presents two case studies in which
Falling-Weight Deflectometer (FWD) was used during the construction of two major
interchanges in Israel. FWD testing was found to be very useful in identifying local spots with
poor performance, thus enabling execution of the required remedy actions. The two studies also
indicated that for a given feature, both a representative central deflection at the 95% reliability
level and a coefficient of variability of measured deflections may serve as potential quality-
control indicators. The finding of these studies supported, however, (a) the use of target values
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content of soils placed in the chamber is measured with an integrated electronic balance as water
vapor is adsorbed or desorbed. The system requires no user intervention and is capable of
generating characteristic curves including wetting and drying loops in a time span on the order of
one to two weeks. Concurrent measurements using the non-contact filter paper method (ASTM
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D5298) are shown to agree very closely with those obtained from the automated system. Total
suction characteristic curves are compared for a highly expansive smectite clay and non-
expansive kaolinite clay. Hysteresis between the wetting and drying cycles and "step-wise"
dehydration phenomena, which have been noted by previous researchers, are reproduced in the
results. Comparison of the smectite and kaolinite characteristic curves demonstrates the system's
potential to become a simple, non-labor intensive, quick, and reliable platform to qualitatively
assess the relative swelling potential of clayey soils.

William J. Likos and Ning Lu, Colorado School of Mines, Engineering Division, Golden CO
80401, 303-273-8663, Fax: 303-273-3602, wlikos@mines.edu.

computational effort and/or frequent operator?s intervention. Each method, of course, has its
own limitations and strengths. To improve the accuracy of the predicted moduli, an algorithm for
joint reduction of the deflection and seismic based data have been developed. Thickness and
modulus of each pavement layer are estimated in real time using artificial neural network
models. This paper provides an overview of a proposed joint inversion and its practical use in
pavement analysis and design. The joint reduction algorithm shows promise since it seems to be
more robust and to yield more consistent results when compared with the process and results
from each method independently.

Soheil Nazarian, Imad Abdallah, and Deren Yuan, University of Texas, 500 West University
Avenue, Engineering Building, Room E201, El Paso TX 79968, 915-747-6911, Fax: 915-747-
8037, nazarian@utep.edu.
01-3324 “User Query Interface for Deep Foundations Load Test Database”
The database is a result of research quality data collection over the last fifteen years. The
database consists of soils data along with the deep foundations load test data gathered from
prototype tests conducted all over the world. The soils data include general site information,
stratigraphy, laboratory and in situ test details. The foundations data consist of general
foundations information including foundation construction, and load-settlement information to
failure. Over 1000 foundations are currently in the database and more are being added to the
database. The database is checked for its validity and correctness both before and after the data is
added to the database to make sure that the data integrity is preserved. Also, the data is
01-3001 “Integrating Seismic and Deflection Methods to Estimate Pavement Moduli”
Nondestructive testing (NDT) of pavements has made substantial progress during the last two
decades. Most algorithms currently used to determine the remaining life of pavements rely on
stiffness parameters determined from NDT devices. One major area of continual improvement is
the reliable and rapid extraction of stiffness parameters from nondestructive field data. Two of
the most common NDT methods used are the deflection and seismic-based methods. The SASW
tests are the most common seismic method. In this method, time records obtained with vibration
sensors are used to obtain an experimental dispersion curve, which through an inversion
procedure, provides an estimate of the elastic modulus profile of the pavement. Deflection bowls
are also used to backcalculate modulus profiles of pavements through the inverse theory. The
inversion processes used in both methods are complex and either requires a significant
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periodically backed up and the data input is strictly administered by providing controlled access
to the designated individuals. The database is structured to follow the rules of Relations Database
Management Systems (RDBMS). The database resides in a Unix based Sun Solaris server and
the database engine is Sybase RDBMS. The database front-end query application is under
development for the Internet using Java as the programming language and will run under any
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Internet capable browser (Netscape, Internet Explorer, etc.) environment. The application will
use Java applets to communicate with the database server. The user community includes state
highway engineers, geotechnical researchers, students, and practicing engineers. Interested users
can access the database using the interface to view, download, and chart the data at run-time.

Raghavendra Satyanarayana, Engineering & Software Consultants, Inc., 4641 Buckhorn
Ridge, Fairfax VA 22030, 703-502-3138, reksrags@yahoo.com; Carl D. Ealy, Al Dimillio,
Federal Highway Administration; and Shesh R. Kalavar, Technology & Management Systems,
Inc.
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