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leads to a better view on the crack formation of CRCP
Anne Beeldens, PhD, CE "; Lucie Pertry, CE ?; Pieter De Winne, CE *; Marijn
Lybaert, CE *; Pascal Buys®
Abstract
The N49/E34 is a regional road reconstructed in 2005 by a classic design with 230 mm of
CRC on an asphalt interlayer and a lean concrete base. The portion of the road near
Assenede was constructed in two stages, with tie bars in the longitudinal construction
joint. During construction a problem occurred with the automatic insertion of the tie bars
and the contractor had to switch from inserting the tie bars into the fresh concrete to
drilling and gluing the tie bars into the hardened concrete.
After some years, widening of the longitudinal joint — locally up to 40 mm — was
measurable, owing to the malfunctioning of the anchorage in the joint. The closure of a
stretch of the road for repairs provided an opportunity for detailed measurements of crack
distribution. A difference between the fast lane, which was still bonded to the asphalt
interlayer, and the slow lane, which was completely debonded, was clearly visible in the
crack pattern.
This paper first analyses the problem at the longitudinal joint. In order to determine the
cause of the joint widening, ultrasonic tomography was used for a non-destructive
analysis, and a visual inspection was made on core samples drilled along the longitudinal
joint. A second part will deal with the repair method for the longitudinal joint. A short
description of the different feasible methods will be given; cross-stitching was eventually
chosen. Details of the rehabilitation work in practice will be shown. Finally, the
difference in crack pattern and crack distribution between the slow and the fast lane will
be discussed.
The failure of the longitudinal joint on a portion of the N49/E34 provided an opportunity
to investigate the behaviour of the CRCP more thoroughly, which resulted in a nice test
section for measurements of the crack pattern.

Introduction

Continuously reinforced concrete pavement (CRCP) is commonly used on highways in
Belgium. CRCP is known as a durable paving technique with limited maintenance needs.
A classic design consists of 220 to 250 mm of CRC on an asphalt interlayer of 50 mm
and a lean concrete base of 200 to 250 mm, depending on traffic volume.

In 2005, the E34/N49 regional road from Antwerp to Knokke in the western part of
Belgium was partly reconstructed in CRC. The structure is shown in figure 1. The E34 is
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a dual two-lane carriageway road with emergency lanes. Each carriageway was concreted
in two stages: first the emergency and right-hand (“slow”) lanes and then the left-hand
(“fast”) lane. The two stages were connected by a keyed joint system, with hooked
transverse reinforcing bars driven automatically into the concrete during the first stage.
After the concrete had hardened, these bars were straightened. In the direction of Knokke,
between kilometre points 43,017 and 48,457, a problem occurred with the insertion
system and therefore the bars were drilled and glued into the hardened concrete of the
first stage.

Figurel. Structure of the CRCP on the N49 at Assenede

After some years, the longitudinal joints opened widely — locally up to 40 mm —, owing
to the failure of the anchorage. This paper first describes the distresses observed in the
NA49. After that, the repair method is discussed and, finally, the crack pattern in the N49 is
analysed. The results revealed the influence of the CRCP being bonded to, or debonded
from, the base by the asphalt interlayer on the final crack pattern.

Failure of the anchorage

In spite of the use of tie bars, the two lanes were found to slip away from each other,
leading to the opening of the longitudinal joint. Moreover, local spalling was observed at
some places at the edges of the joint, as illustrated in Figure 2.

Figure 2. Widening of the longitudinal joint and cracking over a width of 100 to
150 mm along the joint



Core drilling as well as non-destructive measurements with an ultrasonic tomograph
(MIRAN) revealed two types of distress.

In the direction of Antwerp an elongation of the tie bars took place, as can be seen in
Figure 3. In order to be able to straighten the tie bars, a steel quality BE 220S was used.
The bars were smooth and had a diameter of 16 mm. A reduction in diameter from 16
mm to 13.13 mm was measured in the middle of the tie bar at the longitudinal joint. In
this direction the bond with the concrete was very good, but the steel quality was too low
to prevent the joint from opening.

Figure 3. Elongation of a tie bar at the longitudinal joint

A different type of distress was found in the direction of Knokke. In this case the tie bars
were not driven automatically into the concrete, but drilled and glued afterwards. The
investigation showed that the glue had disappeared in a lot of places, resulting in no bond
between the smooth bar and the concrete. Figure 4 shows the positions of three core
samples drilled on one line perpendicular to the longitudinal joint. The tie bar was well
anchored in the concrete of the second stage (core 1), but totally debonded in the other

cases. This was due to the disappearance or lack of glue. The bars in cores 2 and 3 could
be removed by hand.



Figure 4. Positions of the core samples taken in the direction of Knokke: good bond
in the core taken from concreting stage 2 (core 1), total debonding in the cores taken
from concreting stage 1 (cores 2 and 3)



Although the type of anchorage is different for the two lanes, the question remains why
the concrete is slipping off. The pavement was placed with a crossfall of 2.5 % towards
the shoulders. No extra kerbing was used. One possibility for the slippage could be a
defect in the base. Granulated iron slag containing free lime was used in the cement-
treated base. This had previously caused a ‘cauliflower’ effect in the asphalt, owing to the
swelling of the free lime. In 2005 it was decided to replace the asphalt with CRC, without
changing the base. It may be that this base is still active and that, although no voids are
visible beneath the concrete, this swelling is causing delamination between the base and
the asphalt binder course and consequent slippage of the fast lane and the emergency lane,
among other things under the impact of heavy traffic. This will be checked further in
future.

In the fast lane, the bond between the asphalt interlayer and the base was still good. In the
slow lane, delamination had occurred at the bottom of the asphalt interlayer. This binder
course was damaged more severely along the joint (core 3), owing to the pumping effect
of the water in the joint in the presence of heavy traffic. -

Some core samples were taken in a place where a longitudinal crack ran alongside the
longitudinal joint, as shown in Figure 2. Figure 5 shows the core taken at the end of the
tie bar, over the crack. Good adhesion between the bar and the concrete is visible. As this
was an exception, the bar had not been able to hold the concrete pavement by itself and a
crack had formed right next to the end of the bar.
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Figure 5. Core sample taken at the end of a tie bar in the presence of a longitudinal
crack
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Besides core drillings, non-destructive measurements were made with an ultrasonic
tomograph. These measurements allowed determining the positions of the tie bars
accurately, as can be seen in Figure 6. Not only the tie bar but also the longitudinal
reinforcement could be located, as well as the transition between the concrete and the
asfalt interlayer at a depth of 220 mm. The tie bars are situated at a depth of 150 mm and
the longitudinal reinforcement at a depth of 110 mm.
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Figure 6. Measurements with an ultrasonic tomograph accurately indicated the
positions of the tie bars and the longitudinal reinforcing bars and of the transition

between concrete and asphalt

Repair technique

General concept. Three different types of repair had to be made: local repairs alongside
the longitudinal joint where cracks had formed, anchoring the two lanes in CRC, and
sealing the longitudinal joint.

Local repairs. The local repairs were made with a repair mortar. A rectangular zone was
removed from the concrete. In most cases this was within a width of 150 mm, so no
longitudinal bars were cut by this operation. The repairs were full-depth.

Cross-stitching. For the anchorage of the two concreting stages, two different options
were considered: cross-stitching or slot stitching (M BEB R2) (IGGA, 2010). As the
pavement contained longitudinal reinforcement, the slot stitching technique could not be
used: the tie bars would interfere with the longitudinal reinforcement and would,
therefore, cause a weaker spot rather than reinforce the pavement.



The principle of cross-stitching is to insert the bars at an angle of 35° to 45° into the
concrete after filling the boreholes with epoxy, as shown in Figure 7.
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Figure 7. Principle of cross-stitching technique (will be translated in the final
version)



In the case of the N49 three additional problems had to be addressed. Because of the
widening of the longitudinal joint, the epoxy would tend to disappear in the joint opening.
Secondly, owing to the presence of the key-and-keyway transition and of longitudinal
reinforcing bars, a precise positioning of the tie bars had to be done in order not to
interfere with the existing reinforcement and to provide as much adhesion length as
possible. Due to the presence of the keyed joint system the adhesion length changed
substantially if the tie bars were placed on one side of the longitudinal joint or the other.
Finally, no cutting of existing tie bars was allowed during drilling, as that would cause
too high a pressure on the concrete with cracks as a result. The following solutions were
applied:

- positioning of the existing tie bars with an ultrasonic tomograph and with ground-
penetrating radar. The ultrasonic tomograph was used first. Although the positions
of the tie bars could be detected very accurately, the method was time-consuming
as there was often a lot of interference due to the presence of the metal lid that
was used to obtain the keyed transition. Ground-penetrating radar was used
subsequently. Two different antennes were used . Both measurements, one at 2.6
GHz and the other at 400 MHz gave good results. The tie bars were very visible
on the image obtained and the measurement could be carried out at walking speed.
Figure 8 presents the images obtained with the ultrasonic tomograph and with
ground-penetrating radar;
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Figure 8. Images of the tie bars obtained th an ultrasonic tomograph and with
ground-penetrating radar, respectively

- to avoid filling the joint with epoxy, small holes were drilled on top of the keyway
and then injected with a two-component polyurethane foam. However, damage
occurred during the drilling of the larger holes for inserting the tie bars, as the
small cover between the joint and the first drilling hole delaminated. It was then
decided to inject the joint itself with expanding polyurethane foam on the spot
where the drilling was to take place, prior to the drilling of the hole;

- in order to be in the cadance of the existing tie bars, which are 800 mm apart, the
interdistance was taken 1 600 mm in stead of 1800 mm per pair of stiches. The
interdistance between the two tie bars was taken 500 mm and 1 100 mm was
taken between the pairs;



- toavoid insufficient anchoring length, it was first decided to place the stitches at
190 mm centre to centre on the side of the key-and-keyway and at 220 mm
distance on the other side. However, during the drilling of the holes it became
clear that the longitudinal reinforcing bar was much closer to the joint than
expected, which caused spalling of the concrete. Therefore it was decided to place
the stitches on one side of the joint only in the first stage, which was also
beneficial to the anchoring length;

- to avoid water interference, dams were made in the joint, which was then dried;

- the gluing was done with a thixotropic epoxy resin with high epoxy content;

- at the surface the hole was closed with a self-levelling epoxy resin. A
cementitious grout was not possible here since no onset was present.

Figure 9 shows the different steps of the stitching operation.

Figure 9. Different steps of stitching: positioning of the existing tie bars; cleaning of

the joint (and damming); drying of the joint; filling up the joint with polyurethane

foam (no picture); drilling the holes (two at the time); insertion of the tie bars in the
epoxy glue; filling up the surface with acrylic resin.

In order to test the stitching system, different tension tests were carried out on tie bars
placed in the concrete as can be seen in figure 10. Each time, a tensile force up to 10 ton
was applied, which was the double of the required tensile force of 5 ton.



ii‘igure 10. Tensile test on a elongated tie bar on site
Joint sealing. No traditional joint sealing material could be used, since the width of the
joint varied between 10.2 mm and 44.4 mm. A flexible EPDM rubber sealant was used.
Different sizes were applied, to avoid widening the joint too much. The connection
between the different sizes was made by gluing the ends of the sealants together.

Crack spacing

The opportunity of closure for repairs was seized to measure the crack pattern in the slow
as well as in the fast lane, in different places along the 5-km work site. In total 800 m
were measured, spread over both lanes. Measurements were also made at the end locks
marking the transition between the CRCP and the adjacent asphalt pavement, where
typically six end locks were placed.

The results are shown in Figure 11. A similar crack spacing spectrum was taken as from
the measurements on the E17 by Feys (Feys, 2010). The effect of adhesion between the
CRCP and the asphalt binder course and the base is clearly visible. This is also visible in
the average crack spacing, which is 0.89 m for the slow and 0.62 m for the fast lane. At
the end locks, this average crack spacing increases to 1.28 and 0.97 m, respectively. A
double effect is involved here. On the one hand, the higher rate of reinforcing steel
(doubled at the transverse ribs) will result in more distribution of stresses and in fewer
cracks appearing at the surface. On the other, the effect of the slow lane slipping is visible
as well, since the poorer bond between the various layers will result in stresses building
up less high.
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Figure 11. Crack spacing spectrum for the slow and the fast lane, with separate
measurements at the end locks

Conclusions

The N49/E34 showed shortly after construction a severe opening of the longitudinal joint,
owing to the lack of glue and possibly to defects in the base layer with swelling as a
consequence. As the width of the longitudinal joint was at some places more than 40 mm,
repair had to be done. Stitching was applied, with a precise positioning taking into
account the presence of the existing tie bars, the keyed transition and the longitudinal
reinforcement bars.

The crack spacing indicated the influence of the debonding of the slow lane from the base
layer. More small crack spacing was found in the case the bonding was still present.
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FOREWORD

These are the proceedings for the Eleventh International Conference on Concrete
Pavements, which was organized by the International Society for Concrete Pavements
(ISCP) and held in San Antonio, Texas, USA on August 28-September 1, 2016. This is the
eleventh in a series of such conferences to bring together experts from all over the world to
discuss the state of the art, innovation, and new technology related to concrete pavement
design, construction, evaluation, performance, and rehabilitation.

The First International Conference on Concrete Pavement Design was held at
Purdue University on February 15-17, 1977. The Second International Conference on
Concrete Pavement Design was held in Indianapolis, Indiana on April 14-16, 1981. Both
of these conferences were planned and organized by Eldon J. Yoder, Professor of Civil
Engineering at Purdue University. The Third International Conference, dedicated to his
memory and his many contributions to the engineering profession, was held on April 23-
25, 1985 at Purdue University. The Fourth and Fifth conferences were also held on the
Purdue Campus in 1989 and 1993, respectively. The Sixth Conference was held in
Indianapolis, Indiana in 1997.

After the Sixth Conference, the International Society for Concrete Pavements was
formed to continue the excellence in technology transfer that Purdue University brought to
this series of conferences, The Seventh Conference was held at the Disney Coronado
Springs Resort in Orlando, Florida, on September 9-13, 2001. The Eighth Conference was
held in Colorado Springs, Colorado on August 14-18, 2005. The Ninth Conference was
held in San Francisco, California on August 17-21, 2008. Finally, the Tenth Conference
was held in Québec City, Québec, Canada on July 18-21, 2012.

The papers presented in these proceedings were selected based on peer review from
manuscripts submitted prior to November 2015. Ninety papers were accepted for this
conference on the basis of these peer review comments. The papers published in these
proceedings have been organized in the order as was planned for the general program,
which is described beginning on page vii.

We would like to take this opportunity to thank the authors and reviewers who
volunteered their time to ensure that the papers in these proceedings are of the highest
quality. We wish to thank the members of the conference steering committee, the editorial
committee, the student competition committee, the workshop committee and all of the
workshop chairs and speakers, the entertainment committee, and the technical visit
committee for their tireless efforts in developing each of the many components that
comprised the overall conference program. We extend special thanks to all of the program
sponsors for their financial support, and we gratefully acknowledge the contributions of
the conference collaborators for their efforts in promoting the conference. We are
especially appreciative of our Gold sponsors, Cemex and the Lehigh Hanson Heidelberg
Cement Group.

Finally, we would like to thank: Nadine Murray of PLANIt Best; Amy M. Dean
for the graphic design and development of the conference program and other materials;
and Sushobhan Sen of University of Illinois for editing, formatting and organizing the
conference proceedings.

e Defle, T Tl

Leif Wathne Jeff Roesler
11* ICCP Conference Chair ISCP President

Proceedings - 11th International Conference on Concrete Pavements, San Antonio, Texas - Aug 28-Sept 1, 2016
it



CONFERENCE STEERING COMMITTEE

Leif Wathne American Concrete Pavement Association

(USA)
Tim Smith Lafarge-Canada (CANADA)
Corey CEMEX (USA)
Zollinger
Tom Minnesota DOT (USA)
Burnham
Somayeh Washington State University (USA)
Nassiri
Mark B. Engineering Consultant (USA)
Snyder
Peter Taylor National Concrete Pavement Technology
Center (USA)

Jeff Roesler  President-ISCP, University of Illinois at
Urbana-Champaign (USA)

Jake Hiller Secretary-Treasurer-ISCP, Michigan
Technological University (USA)

EDITORIAL REVIEW COMMITTEE

Tom Burnham Minnesota DOT (Committee Chair)
Michael Darter Applied Research Associates, Inc.
Rico Fung Cement Association of Canada
Daba Gedafa University of North Dakota
Charlie Greer MACTEC (Retired)

Tom Kazmierowski Golder Associated Ltd.
Lev Khazanovich University of Minnesota
Qiang Wang SRA International

11** ICCP Chair

11% ICCP Co-Chair
Local Organizing
Committee Chair
Editorial Review
Committee Chair
Student Competition

Sponsors and Exhibitors
Workshops
Ex-Officio

Ex-Officio

Proceedings - 11th International Conference on Concrete Pavements, San Antonio, Texas - Aug 28-Sept 1, 2016

v



CONFERENCE SPONSORS

Gold
Lehigh Hanson
CE"‘EX HEIDELBERGCEMENT Group
Silver
ACPA 6
mélcnnm @Azz @“‘Z"‘*‘éﬂﬁﬁ 'P.pFCH L
Bronze

L I ‘ ' TEXAS LEHIGH
LafargeHolcim A CEMENT

COLLABORATORS

Australian Society for Concrete Pavements (ASCP)
European Concrete Paving Association (EUPAVE)
Texas Department of Transportation (TxDOT)
U.S. Federal Highway Administration (FHWA)

Proceedings - 1 1th International Conference on Concrete Pavements, San Antonio, Texas - Aug 28-Sept 1, 2016
v



INTERNATIONAL SOCIETY FOR CONCRETE PAVEMENTS

MisSION
The mission of the International Society of Concrete Pavement (ISCP) is to
facilitate the advancement of knowledge and technology related to concrete
aveiments through education, technology transfer and research at the international
evel.

EXECUTIVE COMMITTEE:

President: Jeff Roesler, University of Illinois at Urbana-Champaign (USA)
president@concretepavements.org

Vice-President: Bryan Perrie, The Concrete Institute (SOUTH AFRICA)
vice-president@concretepavements.org

Secretary -Treasurer: Jake Hiller, Michigan Technological University (USA)

secretary-treasurer(@concretepavements.org
Past President: Neeraj Buch, Michigan State University (USA)

past-president@concretepavements.org

BOARD OF DIRECTORS (AS OF AUGUST 28, 2016)

Anna-Carin Brink AECOM (AUSTRALIA)

Juan Pablo Covarrubias TCPavements, Inc. (CHILE)

Rolf Breitenbiicher Ruhr-Universitdt Bochum (GERMANY)

Erwin Kohler 3ipe (CHILE)

Luc Rens FEBELCEM (BELGIUM)

Peter Taylor National Concrete Pavement Technology Center (USA)
Corey Zollinger CEMEX (USA)

Leif Wathne American Concrete Pavement Association (USA)

Lev Khazanovich University of Minnesota (USA)

Somayeh Nassiri Washington State University (USA)

Tim Smith - Lafarge Canada, Inc. (CANADA)

Sherry Sullivan Cement Association of Canada (CANADA)

George Vorobieff Roads & Maritimes Services, NSW (Retired) (Australia)

Proceedings - 11th International Conference on Concrete Pavements, San Antonio, Texas - Aug 28-Sept 1, 2016
vi



REVIEWERS

The 11" ICCP would not have been possible if not for the efforts of all of the authors and
reviewers of the delegate manus.crlg)ts that were presented in the various technical sessions

Sj;llcludin the poster board session).
e ISCP Editorial Committee

lly acknowledges the contributions and efforts

ate
of all of the following individuals, wlft; served as reviewers:

Gina Ahlstrom Federal Highway Administration

Kevin Alland University of Pittsburgh

Ahmad A. Ardani Federal Highway Administration

Jamshid Armaghani Global Sustainable Solutions, LLC

Geoff Ayton MIEAust

Manik Barman University of Minnesota-Duluth

Marina Beaudoin Ministry of Transportation of Quebec

Anne Beeldens Belgian Road Research Centre

Fatih Bektas lowa State University

Ronald Blab Vienna University of Technology

Peter Bly U.S. Army Engineer Research and Development Center
Abbas Booshehrian University of Minnesota

Amanda Bordelon University of Utah

Alexander Brand National Institute of Standards & Technology
Rolf Breitenbiicher Ruhr-University Bochum

David Brill Federal Aviation Administration

Anna-Carin Brink AECOM

Wouter C. Brink Applied Research Associates

Neeraj Buch Michigan State University

Riaan Burﬂer The South African National Roads Agency SOC Ltd
Tara Cavalline University of North Carolina-Charlotte

Halil Ceylan lowa State University

George Chang The Transtec Group, Inc.

Liangliang Chen Broadvision Engineering Consultants

Pieter De Winne Flemish Agency for Roads and Traffic

Daniel DeGraaf Michigan Concrete Association

John Depman Consultant

John DeSantis University of Pittsburgh

Ellen Dolk Swedish National Road & Transport Research Institute (VTI)

John Donahue Missouri DOT

Louw du Plessis CSIR Built Environment

Eric Ferrebee American Concrete Pavement Association
Katelyn Freeseman University of Minnesota

Jeffrey Gagnon Federal Aviation Administration

Georgene M. Geary GGfGA Engineering, LLC

Nasir G. Gharaibeh Texas A&M University

Steve Gillen lllinais State Toll Highway Authority

Michal Glinicki Polish Academy of Sciences

Marcelo Gonzalez Pontificia Universidad Catdlica de Chile
Kasthurirangan Gopalakrishnan lowa State University
Jeremy Gregory Massachusetts Institute of Technology
Jim Grove Federal Highway Administration

Jagan M. Gudimettla Federal Highway Administration/AT! Inc.
Edward Guo Private Consultant

Ankit Gupta Indian Institute of Technology (BHU) Varanasi
Affan Habib Virginia DOT

Syed W. Haider Michigan State University

Gregory Halsted Concrete Reinforcing Steel Institute

Liv Haselbach Washington State University

Kyle Hoegh Minnesota DOT

D. Holmgren Utah Department of Transportation
Santiago Huerta Minnesota Department of Transportation
Mustapha A. Ibrahim University of lllinois at Chicago

Takeo Ishida Cement & Construction Materials Co., Ube Industries

Bernard Izevbekhai Minnesota Department of Transportation
Newton Jackson NCE

George Jurriaans ECCRA

L. R. Kadiyali L.R. Kadiyali & Associates

Jacek Katzer Koszalin University of Technology

Takayuki Kazato Nippon Expressway Corporation

Kyong-Ku Yun Kangwon National University

Sunghwan Kim lowa State University

Jeffrey R. LaHucik University of Illinois at Urbana-Champaign
Todd Laker Holcim (US) Inc.

Carl Lenngren SWECO Civil

Hui Li University of California Pavement Research Centre
Xinkai Li Harbin Institute of Technology

Litao Liu Entech Civil Engineers, Inc.

James W. Mack CEMEX

Swati Maitra Indian Institute of Technology-Kharagpur
Tim Martin CTLGroup

Ben McWade Regional Municipality of Durham

Alan Meadors American Concrete Pavement Association
Richard C. Meininger Turner-Fairbank Highway Research Center
David Merritt The Transtec Group, Inc.

T. Reed Miller Massachusetts Institute of Technology
Dennis Morian Quality Engineering Solutions, Inc.

Feng MuCEMEX -

Hari Nair Virginia Transportation Research Council
Somayeh Nassiri Washington State University

Tatsuo Nishizawa Ishikawa National College of Technology
Sam Owusu Ababio University of Wisconsin Platteville
Bryan Perrie The Concrete Institute

Linda M. Pierce NCE

David Pittman US Army Corps of Engineers

Michael Plei Commercial Metals Co.

Cody Preston Geneva Rock Construction

Shreenath Rao Applied Research Associates

Luc Rens FEBELCEM

John P. Ries ESCS/ Inc.

Randell C. Riley American Concrete Pavement Assaciation-IL.
Robert Rodden PNA Construction Technologies

Jeff Roesler University of lllinois at Urbana-Champaign
Rich Rogers Cement Council of Texas

Pedro Romero University of Utah

Steve Sachs University of Pittsburgh

Chhote Saraf Resource Intemnational Inc.

Eric Saunderson Region of Waterloo

Charles Scholer Purdue University (Retired)

Sushobhan Sen University of lllinois at Urbana-Champaign
Johan Silfwerbrand KTH Royal Institute of Technology
Kurt D. Smith Applied Pavement Technology

Peter Smith Fort Miller Group Inc

Mark B. Snyder Consultant

Boris Stein Twining, Inc.

Erol Tutumluer University of lllinois at Urbana-Champaign
Samuel S. Tyson Federal Highway Administration

Jeff Uhlmeyer Washington DOT

Kejin Wang fowa State University

Leif Wathne American Concrete Pavement Association
Jason Weiss Oregon State University

Craig Whitaker Leighton Holdings Pty Ltd

Nancy Whiting Transportation Research Board

James Wilde Minnesota State University, Mankato

Stacy G. Williams University of Arkansas

Moon Won Texas Tech University

Yuanijie Xiao Central South University

Xin Xu Massachusetts Institute of Technology

Shuo Yang lowa State University

Hao Yin Gemini Technologies, Inc.

Isamu Yoshitake Yamaguchi University

Proceedings - 11th International Conference on Concrete Pavements, San Antonio, Texas - Aug 28-Sept 1, 2016

vi



