
Lecture Notes in Civil Engineering

Serge Desjardins
Gérard J. Poitras
M. Shahria Alam
Xiomara Sanchez-Castillo   Editors

Proceedings 
of the Canadian 
Society for Civil 
Engineering Annual 
Conference 2023, 
Volume 7
Materials Track



Lecture Notes in Civil Engineering

Volume 501

Series Editors

Marco di Prisco, Politecnico di Milano, Milano, Italy

Sheng-Hong Chen, School of Water Resources and Hydropower Engineering,
Wuhan University, Wuhan, China

Ioannis Vayas, Institute of Steel Structures, National Technical University of
Athens, Athens, Greece

Sanjay Kumar Shukla, School of Engineering, Edith Cowan University, Joondalup,
Australia

Anuj Sharma, Iowa State University, Ames, USA

Nagesh Kumar, Department of Civil Engineering, Indian Institute of Science
Bangalore, Bengaluru, India

Chien Ming Wang, School of Civil Engineering, The University of Queensland,
Brisbane, Australia

Zhen-Dong Cui, China University of Mining and Technology, Xuzhou, China

Xinzheng Lu, Department of Civil Engineering, Tsinghua University, Beijing,
China



Lecture Notes in Civil Engineering (LNCE) publishes the latest developments in
Civil Engineering—quickly, informally and in top quality. Though original research
reported in proceedings and post-proceedings represents the core of LNCE, edited
volumes of exceptionally high quality and interest may also be considered for publi-
cation. Volumes published in LNCE embrace all aspects and subfields of, as well as
new challenges in, Civil Engineering. Topics in the series include:

• Construction and Structural Mechanics
• Building Materials
• Concrete, Steel and Timber Structures
• Geotechnical Engineering
• Earthquake Engineering
• Coastal Engineering
• Ocean and Offshore Engineering; Ships and Floating Structures
• Hydraulics, Hydrology and Water Resources Engineering
• Environmental Engineering and Sustainability
• Structural Health and Monitoring
• Surveying and Geographical Information Systems
• Indoor Environments
• Transportation and Traffic
• Risk Analysis
• Safety and Security

To submit a proposal or request further information, please contact the appropriate
Springer Editor:

– Pierpaolo Riva at pierpaolo.riva@springer.com (Europe and Americas);
– Swati Meherishi at swati.meherishi@springer.com (Asia—except China,

Australia, and New Zealand);
– Wayne Hu at wayne.hu@springer.com (China).

All books in the series now indexed by Scopus and EI Compendex database!

mailto:pierpaolo.riva@springer.com
mailto:swati.meherishi@springer.com
mailto:wayne.hu@springer.com


Serge Desjardins · Gérard J. Poitras ·
M. Shahria Alam · Xiomara Sanchez-Castillo
Editors

Proceedings of the Canadian
Society for Civil Engineering
Annual Conference 2023,
Volume 7
Materials Track



Editors
Serge Desjardins
Department of Civil Engineering
Université de Moncton
Moncton, NB, Canada

M. Shahria Alam
School of Engineering
University of British Columbia, Okanagan
Campus
Kelowna, BC, Canada

Gérard J. Poitras
Department of Civil Engineering
Université de Moncton
Moncton, NB, Canada

Xiomara Sanchez-Castillo
Faculty of Engineering
University of New Brunswick
Fredericton, Canada

ISSN 2366-2557 ISSN 2366-2565 (electronic)
Lecture Notes in Civil Engineering
ISBN 978-3-031-61510-8 ISBN 978-3-031-61511-5 (eBook)
https://doi.org/10.1007/978-3-031-61511-5

© Canadian Society for Civil Engineering 2024

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

If disposing of this product, please recycle the paper.

https://doi.org/10.1007/978-3-031-61511-5


Contents

Instrumentation of a Pavement Structure Containing Inductive
Charging Equipment in the Canadian Context . . . . . . . . . . . . . . . . . . . . . . . 1
Danial Arzjani, Diego Ramirez Cardona, Jean-Claude Carret,
Jean-Pascal Bilodeau, and Sylvain Auger

Creep Recovery Performance of Hydrated Lime (HL)
and Limestone (LS) in RTFO Aged Asphalt Mastic . . . . . . . . . . . . . . . . . . . 15
Shahrul Ibney Feroz, Ahmad Alfalah, Debzani Mitra, Kamal Hossain,
Mitchell Lawlor, and Yosuf Mehta

Collapse Assessment of Buildings with Engineered Cementitious
Composites Beam-Column Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Mostafa Karami, Khandaker M. Anwar Hossain, and Mohamed Lachemi

Evaluation of the Properties of Offshore Structural Concrete
Compared to Other Concrete Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Ali E. Abdel-Hafez, Amgad A. Hussein, and Stephen E. Bruneau

Air-Purifying Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Mohamed K. Shawky, Nora A. Abdelwahab, Ahmed M. Abdelhamid,
Mariam H. Gomaa, Areej I. Telep, Aly A. Elashry,
Maram Saudy, Ahmed Elgendy, Farida Said, Ereeny Fahmy,
and Mohamed N. Abou Zeid

Effect of Basalt Fibre on Air Content, Porosity and Compressive
Strength of Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Adeyemi Adesina and Sreekanta Das

Global Research Trends and Chronological Evolution of Recycling
of Mining Wastes: A Bibliometric Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Amine el Mahdi Safhi and Ahmed Soliman

v



vi Contents

Electrical Conductivity Double Percolation in Portland Cement
Mortar Incorporating Iron Sand as Fine Aggregate in Presence
of Recycled Carbon Fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Alireza Haji Hossein, Ali Teymouri, and Rahil Khoshnazar

Experimental Study on Physical and Morphological Properties
of KOH Treated and Untreated Arecanut Husk Fiber . . . . . . . . . . . . . . . . . 97
Muralidhar Nagarajaiah and Muttana S Balreddy

Analysis of New Brunswick Asphalt Concrete Mix Design . . . . . . . . . . . . . 111
Nora Ruiz and Xiomara Sanchez-Castillo

Thermal Properties of Alkali-Activated Geopolymer Composites
Incorporating Carbon Nanotubes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
M. A. Hossain and K. M. A. Hossain

Laboratory Performance of Polymer-Modified Asphalt Binders
and Mixtures at Low Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Mansour Solaimanian and Pejoohan Tavassoti

Potential Recycling of Excavated Tunnel Materials from Grand
Paris Express Disposal as a Construction Material . . . . . . . . . . . . . . . . . . . . 157
Walid Maherzi, Amine el Mahdi Safhi, Ahmed Soliman,
and Nor-Edine Abriak

Correlation Between Ultrasonic Pulse Velocity, Porosity
and Compressive Strength of Slag–Glass Mortar Activated
with Sodium Carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Adeyemi Adesina and Sreekanta Das

Climate Change Impact on Coastal Structures in the MENA Region . . . 177
Daniel Doss, Donia Mohamed, Mariam Mekhail,
Nouray El Mahalloui, Veronica Mina, Youssef Elsherbini,
Donia Eldwib, Mayer Farag, Bishoy Kamel, Safwan Khedr,
and Mohamed Abou-Zeid

Assessing the Impact of Storage Time at Elevated Temperatures
on Degree of Blending in High RAP Mixes with Bio-Based
Rejuvenators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Aditi Sharma, Pejoohan Tavassoti, and Hassan Baaj

Valorization of Treated Aluminum SPL as Cementitious Materials . . . . . 207
Victor Brial, Thi-Hang Tran, Luca Sorelli, David Conciatori,
Laurent Birry, and Claudiane Ouellet-Plamondon

Half-Cell Potential Measurement as a Non-destructive Evaluation
of Chloride Diffusion Coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Sakib Hasnat, Syed Rafiuzzaman, Bayezid Baten, and Tanvir Manzur



Contents vii

Correlating Binder Types and Chloride Diffusion Coefficients
of Concrete Mixes Using Gene Expression Programming . . . . . . . . . . . . . . 233
S. M. Abid Anam Shovon, Md. Mohaiminul Islam, and Tanvir Manzur

Thermal Properties of Ultra-High-Performance Concrete:
A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Mahmoud Rady and Ahmed Soliman

Effect of Waste-Based Geopolymers on Asphalt Binder
Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Amani Saleh, Maram Saudy, and Mohamed AbouZeid

Development of Low Carbon Concrete Solutions with Alternative
Local Ontario Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Noura Sinno, Abdurahman Lotfy, and Wassim Ben Chaabene

Performance ofEngineeredCementitiousComposite Incorporating
Recycled Glass as Aggregate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Adeyemi Adesina and Sreekanta Das

Effect of Green and User-Friendly Activators on the Compressive
Strength of Alkali-Activated Slag Mortar . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Adeyemi Adesina, Siddharth Popli, and Sreekanta Das

Tensile Properties of Biobased Resin and Carbon Fiber Biobased
and Synthetic Resins Reinforced Lamina . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Ghofrane Ben Amor, Slimane Metiche, and Radhouane Masmoudi

Influence of Multiwall Carbon Nanotubes on Fresh-State
Properties of Alkali-Activated Geopolymer Composites . . . . . . . . . . . . . . . 313
M. A. Hossain and K. M. A. Hossain

Mix Design for Scaled-Down Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
Abdelmoneim El Naggar, Maged A. Youssef, Hany El Naggar,
and Ahmed Soliman



Instrumentation of a Pavement Structure
Containing Inductive Charging
Equipment in the Canadian Context

Danial Arzjani , Diego Ramirez Cardona , Jean-Claude Carret ,
Jean-Pascal Bilodeau , and Sylvain Auger

Abstract Road transportation is a significant source of greenhouse gas emissions
in Canada, and the use of electric vehicles (EVs) is an effective approach to reducing
these emissions. With an inductive power transfer (IPT) system integrated into
road structures, EVs can recharge their batteries while driving, allowing for longer
distanceswithout frequent stops for recharging.While the energy efficiency of induc-
tion charging has been demonstrated, few studies have examined the effects of adding
inductive charging coils on the mechanical behavior and durability of pavement
structures. Therefore, an experimental study will be conducted using a heavy vehicle
simulator (HVS) on a laboratory test pit to analyze the behavior of two pavement
structures containing induction charging loops under critical climatic circumstances
for cold regions. Said structures were built in the accelerated testing facility at Laval
University. The test pit was divided into three sections, two of them containing an
inductive charging coil (Sections 1 and 2), placed between the base and surface course
layers, and the third being a standard Quebec pavement structure without inductive
equipment. The surface course thickness of Section 1 is 7 cm, while the other two
sections have a surface course thickness of 5 cm. All sections have a consistent
base course thickness of 12 cm and were built with the same asphalt mixtures. All
three sections were instrumented with multiple sensors: strain gauges, load cells,
and temperature and humidity probes. The sensors were placed at various positions
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2 D. Arzjani et al.

and depths during pavement construction to monitor the behavior of each compo-
nent of the structures, from the surface course to the soil. The focus of this paper is
to present the details of the construction and instrumentation of the test pit, which
will be crucial for future accelerated loading tests and form the foundation for the
development of design guidelines for inductive road structures in Nordic climates.

Keywords Pavement design · Electric road systems · Inductive dynamic
charging · Pavements · Instrumentation

1 Introduction

The adoption of electric vehicles (EVs) and the implementation of electric roads
(eRoads) are seen as ways to decarbonize the road transportation sector [1, 2], as the
transportation sector is responsible for close to 25% of global greenhouse gas (GHG)
emissions, 90% of which are generated by road transportation [3]. However, the
limitations in battery technology, including limited driving ranges and highmonetary
and environmental costs due to the use of raremetals, hinder the widespread adoption
of EVs [4]. To counter this, convenient and innovative charging options away from
home must be developed, such as the concept of eRoads, which allow minimizing
the size of the batteries, making them more practical, and efficient, thus reducing the
EV’s weight and energy consumption [5].

One of the main concepts in eRoads is contactless charging with inductive power
transfer (IPT) technology, as shown in Fig. 1. Inductive eRoads present several advan-
tages to contact-based solutions because the contactless technology does not affect
traffic speed, does not alter the conditions of the pavement surface, and does not
impose any limitations on the roadway geometry [6].

Fig. 1 Concept of inductive power transfer (IPT) technology in eRoads
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In addition to the benefits mentioned, the inductive charging technology is also
compatible with any battery technology and all types of electric vehicles, including
heavy trucks and buses.

Despite the substantial growth of exploring IPT technology to power EVs over
the last decades, the literature on the topic predominantly focuses on electric effi-
ciency and transfer, with limited attention given to the pavement structural design and
mechanical performance aspects. However, there is still a need for large-scale testing
on road structures containing inductive charging coils, in order to study the impact
of this technology on the mechanical performance and durability of pavements.

This paper presents the design, instrumentation, and construction process of a test
pit on which response tests will be carried out to study the behavior of pavement
structures incorporating IPT technology in Nordic climate conditions.

2 Structure Design

An eRoad structure, comprising a flexible pavement with two inductive charging
coils, was constructed at the experimental pit of Laval University in Quebec, Canada.

The 4-m-long central section of the pit (total length is 6 m) was divided into three
sections of equal lengths:

• “Section 1” (S1) was allotted for a 7-cm-thick surface layer and an embedded
inductive coil.

• “Section 2” (S2) was allotted for a 5-cm-thick surface layer and an embedded
inductive coil.

• “Control section” (CS) also has a 5-cm-thick surface layer and represents a
conventional road pavement structure in Quebec.

The two 1-m-long sections at the pit’s extremities are not considered to exclude
the effect of wheel-entry vibrations.

All sections have a base course thickness of 12 cm. The surface layer thickness
of 5 cm represents a conventional road pavement structure in Quebec. The thicker
surface layer of 7 cm was chosen to be tested in order to study the influence of
the asphalt mix thickness above the coils on the behavior of the eRoad pavement.
Therefore, the total depth of asphalt is 17 cm for sections 2 and control, and 19 cm
for section 1.

In order to have a flat and even surface on the whole test pit, a step of 2 cm was
made in the subgrade between sections 1 and 2 (subgrade is 2 cm deeper in section 1)
(see Fig. 2). Induction coils were cut to a length that allowed their installation in the
limited space available in sections 1 and 2. The cut coil’s length is 120 cm, and the
length of each section is 133 cm. This geometric configuration will be considered in
further analyses. The test pit schematics are depicted in Fig. 2.

In a real eRoad, the inductive charging coils are designed to be placed in the center
of the lane, between the wheels of vehicles. However, in practice, the positioning of
the vehicles and the resulting load distribution near the embedded coils may vary.
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Fig. 2 Design of test pit for eRoad pavement at Laval University

For example, Fig. 3 describes two situations that can occur and where the load is
either on the side or directly on top of the coils:

• “Situation 1,” where drivers are driving in the center of the lane.
• “Situation 2,”where drivers are not driving in the center of the lane or are changing

lanes.

Fig. 3 Different driving situations that can occur on the road
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Fig. 4 Two extreme loading positions considered for the experiments in the test pit

Considering load situations 1 and 2 can occur on real eRoads, two extreme loading
positionswere proposed for the experiments in the test pit at LavalUniversity (Fig. 4):

• “Loading position 1”: the load is far away from the coils, representing Situation
1.

• “Loading position 2”: the load is applied on top of the coil, representing Situation
2.

2.1 Inductive Coil

This research employed inductive charging coils made by Electreon Inc., a company
that specializes in wireless charging technology for electric vehicles. The used induc-
tive coils are illustrated in Fig. 5. However, in this project, given the limitations of
the test pit size, the coils were cut to a length of 120 cm in order to fit them in their
designated sections within the test pit.

2.2 Pit and Heavy Vehicle Simulator (HVS) Characteristics

The experimental pit, sized at 2× 6× 2 m, is divided into two parts with a 2 cm high
step due to the difference in surface layer thickness (Fig. 2). The pit accommodates
the ATLaS, a heavy vehicle simulator for full-scale accelerated pavement testing,
allowing the simulation of field performance under accelerated traffic loads of 1 or
2 tires with loading range of 30–200 kN at speeds up to 13 km/h.

The simulator regulates air temperature, while the pit controls temperature at the
bottom for experiments within a range of − 10 to 30 °C. To minimize heat transfer
and speed up cooling, an isolating material was used. The pit is also equipped with
a drainage and water injection system and has a layer of clean stone for even water
distribution, regulated by an electronic level sensor.
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Fig. 5 Electron inductive coil

2.3 Pit Materials

The granular base consists of MG-20 aggregates (Quebec Norm 2101). The asphalt
base course and surface course were constructed using GB-20 and ESG-10 asphalt
mixes (Quebec Norm 4202), respectively. Both mixes contained 20% reclaimed
asphalt pavement (RAP) materials and had the same 58H-34 bitumen (Quebec Norm
4101).Both asphaltmixes correspond to commonly usedmaterials in the construction
of conventional high-traffic roads in Quebec. The maximum density of base course
layer was 2518 kg/m3, and surface course was 2518 kg/m3.

2.4 Instrumentation

In order to characterize the strain levels in various areas of the pavement structure and
analyze how the presence of the inductive coils affects these strains—particularly at
the top and bottom of the coils and at the bottom of the base course—multiple strain
gages were installed in the asphalt layers. Due to the thin layer of asphalt mix above
the coils, thin strain gages (Dynatest PAST II) were used on top of the coils, while
thicker strain gauges (TML KM-100HAS) were placed under the coils and at the
bottom of the base course layer.

In addition, load cells were installed to measure pressure levels in the granular
base, and temperature and moisture probes were placed at different depths in the
structure to characterize the environmental conditions of the structure. Figure 6 shows
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the global instrumentation of the structure in four plan views (a, b, c, and d), each one
corresponding to one specific depth. “Plan d” illustrates the placement of Dynatest
sensors on the coils, while “Plan c” shows the location of TML sensors, which were
installed beneath the coils.

In addition, Table 1 summarizes the locations and types of sensors present in the
pavement structure.

Load cells. Five load cells were used in this research to monitor the pressure level
in the granular base. Load cells were placed in all three sections under the coils, at
the same depths in the granular base corresponding to depths of 320 mm (S1) and
340 mm (S2 and CS) from the pavement surface. All the load cells are functional
after the construction of the test pit.

Strain gauges. In this research, Dynatest and TML strain gauges were used to
measure strains. Dynatest gauges were chosen for their thinness, allowing to instru-
ment the top of the coils despite the thin layer of asphalt above them. TML gauges
were used to measure strains in other parts of the structure, including under the coils.
A total of 16 strain gauges were installed in the test pit, with 15 of them functioning
properly after construction.

Moisture and Temperature probes. In this research, three volumetric moisture
content sensors were installed beside load cells in each test section at the depths of
320 mm (S1) and 340 mm (S2 and CS) from the surface. Moreover, 48 thermistors
were installed on 8 sticks that were inserted at different locations in the structure,
allowing to draw a complete thermal profile of the pit.

In Fig. 7, all the sensors used in the test pit are displayed.

3 Construction and Installation Process

The construction of the test pit was carried out in three primary phases as illustrated
in Fig. 8. The following paragraphs describe in detail the main activities carried out
during the construction.

3.1 Subgrade and Granular Base Preparation
and Instrumentation

Load cells were placed in designated locations in the granular base. A thermistor was
located beside each cell.Moreover, the subgrade and granular basewere instrumented
with moisture sensors (ThetaProbe ML2). During the construction of the granular
base, a rod equipped with six thermistors was inserted in the center of the pit, in
order to characterize the vertical temperature profile in the granular layers.
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Fig. 6 Global instrumentation of the structure in four plan views: a at depth 320/340 mm; b at
depth 170/190 mm; c at depth 50/70 mm; d at depth 38/58 mm



Instrumentation of a Pavement Structure Containing Inductive Charging … 9

Table 1 Summary of the sensors’ positions in the structure

Layer Sensor type Sensors positioning

S1 S2 CS

Surface course
(Above the coil)

Strain gauge
(Dynatest PAST II)

D1, D2 D3, D4 –

Base course
(At the bottom)

Strain gauge
(TML KM-100HAS)

T1, T2 T3, T4 T5, T6

Base course
(at the top beneath the coils)

Strain gauge
(TML KM-100HAS)

T7, T8 T9, T10 T11

Strain gauge
(Dynatest PAST II)

– – D5

Granular base Load cell P1, P2 P3, P4 P5

Humidity probes
(ThetaProbe ML2)

W1 W2 W3

All Thermistance sticks* S1, S2, S3 S4, S5 S6, S7, S8

*Each stick contains six thermistors (T0–T5); depths (mm) of thermistors for sticks S1–S4 are (10,
48, 56, 66, 114, 158); for stick S5 (10, 56, 63, 68, 117, 158); for sticks S6–S8 (10, 68, 76, 86, 135,
175)

Fig. 7 Strain gauges. a TML gauges (24 mm thick); b Dynatest gauges (8 mm thick); c sticks
containing thermistors; d load cells; e soil moisture sensor (ThetaProbe)

As previously stated, the granular base was constructed with a 2 cm step between
sections 1 and 2. A wooden frame was used to maintain the shape of the step during
the granular base compaction.
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Fig. 8 Test pit construction process and main activities

3.2 Installation of the TML Gauges at the Top
of the Granular Base

The process of installing strain gauges at the top of the granular base (bottom of
the base course layer) involved several steps. First, the location of the sensors was
marked on the granular base and on the sides of the pit for future reference. The
sensors were then placed on a bed of sand/bitumen mix. To ensure proper contact, a
metallic weight was placed on top of each sensor for more than 12 h. Finally, each
sensor was coatedwith approximately 5–10ml of fast-breaking bituminous emulsion
(CSS-1).

In order to establish a correlation between the TML and Dynatest sensors, a
Dynatest sensor was placed in the control zone, close to two TML sensors (see
Fig. 6).

3.3 Construction of the Base Course Layer

The GB-20 layer was built after the installation of the strain gauges at top of the
granular base. Each sensor was first covered with a small amount of sieved (5 mm
sieve) hot asphalt mix. The uncompacted GB-20 mix was then poured manually due
to the limited size of the test pit. The mix was then compacted carefully, assuring that
the 2 cm level difference between sections 1 and 2 was maintained after compaction,
while achieving the design’s 12-cm-thick base course layer. A slope was created with
the GB-20 mixture to ensure the transition between sections 1 and 2 over the step in
the granular base.

Custom-made molds of the size of the TML strain gages were inserted into the
surface of the asphalt mix before compaction, in order to create a void space to
accommodate the TML gages at the top of the base course layer. To ensure the
integrity of the sensors at the bottom of the base course layer, the GB-20 compaction
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process was done with a compactor roller without the use of vibration. However, a
vibrating plate was used to compact the borders of the pit.

3.4 Installation of the TML Gauges at the Top of the Base
Course Layer

After compaction and cooling of the GB-20 layer, 5 mm deep trenches were carved
at its surface in order to accommodate the TML gauges cables. After this, the TML-
shaped molds were removed, and both sensors and cables were placed into their
respective places.

A pure epoxy anchoring adhesive (Sika AnchorFix®-3001) was then poured
around sensors and cables to fix them into the asphalt. The two-component epoxy
was mixed thoroughly in a recipient before applying it, in order to trigger its hard-
ening and increase its viscosity to prevent it from deeply penetrating the porosity of
the asphalt.

3.5 Installation of the Coils with Capacitor Box

The coils’ capacitor units were each placed in a hole (rectangular parallelepiped)
createdwithin the base course layer, after its construction. Such holes’ dimensions are
slightly bigger than the capacitor units. This installation configuration is of practical
interest for the industry as it reduces the volume of asphalt that needs to be removed
for the installation of the IPT equipment.

To achieve this, the contours of the holes were first sawed, followed by the remo-
tion of the material using a combination of a core drill and a mechanical hammer.
A heated asphalt mix was then poured and compacted at the bottom of the holes to
ensure the correct level for the capacitor units.

The next step was to secure the capacitor units in place. A layer of epoxy resin
was poured at the bottom of the holes and the capacitor units were placed inside.
More epoxy resin was added to the sides to ensure a tight fit. The entire installation
process is illustrated in Fig. 9.

Bituminous emulsion was then applied on top of the base course layer to cover all
areas in contact with the coils. Finally, the coils were placed on top of the bituminous
emulsion layer, and pressure was applied overnight to secure it in place.



12 D. Arzjani et al.

Fig. 9 Capacitor unit installation process; a sawing, b coring; c compacting; d cleaning; e poring
some asphalt and compacting; f fixing capacitor box with resin/epoxy

3.6 Installation of the Dynatest on Top of the Coils

Dynatest gauges on top of the induction coils were placed on a bed of hot bitumen
(PG 58-28) at their designated locations. Sensors were secured by placing weights
on top of them overnight. The gauges cables were glued to the coils with hot bitumen
points.

To lead the cables out of the pit, small trenches were carved in the base course
layer and a small slope was created on the rubber of the coils to guide the cables
from the top to the trench in the asphalt. Figure 10 depicts installed strain sensors in
various locations and layers.

Fig. 10 Installation of the strain sensors; a on the granular base layer (control section); b the TML
sensors on top of the base course layer (beneath the coil); c the Dynatest strain gauges (on the coil)
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Fig. 11 Construction operations; a, b granular base construction; c base course (GB-20) construc-
tion; d coils installation; e asphalt thickness measurements; f density measures with nucleoden-
simeter; g wearing course construction (ESG-10); h final result of the construction

3.7 Construction of the Surface Layer

The final step was the construction of the surface course. Base course, coils, and
sensors were first coated with a conventional tack coat emulsion (Emulplus RC-
CRS-1H). Then, the Dynatest gauges were covered with a 2–3-cm-thick layer of
ESG-10 hot asphalt mix. A manual compaction plate was used to pre-compact the
asphalt on top of the gauges. The rest of the ESG-10 mix was also poured manually,
carefully filling the spaces inside the coils.

The asphalt was then compacted with a roller compactor without vibration. A
vibrating plate was used to compact the borders of the pit. The top of the surface
layer is at the same level as the top of the pit. Furthermore, following the construction
of each asphalt layer, the density of the layerswasmeasured using a nucleodensimeter
in various sections. Figure 11 depicts all phases of the construction process.

4 Conclusions

A large-scale test pit was built in order to assess the mechanical behavior of pave-
ment structures equipped with IPT charging equipment. Pavement structures with
different wearing course thicknesses were built. Data collected from this large-scale
test will serve for the calibration of a reliable numerical model of an eRoad pave-
ment, which is the next step of the project. Such model will enable the proposal of
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design recommendations for inductive roads, particularly adapted for cold regions.
The details of the construction of the test pit are presented in this paper.

After construction, no evident defects were observed on the pit, in spite of the thin-
ness of the surface course layers of the studied pavement structures,which correspond
to conventional Quebec roads. The installation of IPT equipment in such structures
is a novelty, as the surface course thickness of other test sections around the world
is around 10 cm. Moreover, employing thin strain gauges for the instrumentation of
very thin (> 5 cm) asphalt mix layers was successful.

The limited space available in the pit required the modification of the inductive
coils, which needs to be considered during the future analysis of the data collected
from the large-scale test. However, instrumentation presented enables the observation
of local strain development that should be sufficient for the calibration of a complete
numerical model of the inductive road structure.

The results from this global study aim at allowing the development of larger
experimentation sites of inductive roads in Canada.
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Creep Recovery Performance
of Hydrated Lime (HL) and Limestone
(LS) in RTFO Aged Asphalt Mastic

Shahrul Ibney Feroz , Ahmad Alfalah, Debzani Mitra, Kamal Hossain,
Mitchell Lawlor, and Yosuf Mehta

Abstract In an asphalt structure, mastic is the primary element that deforms. Many
studies have been conducted to develop a rheological parameter that can assess the
deformation and creep characteristics of asphalt mastic with varying proportions of
fillers. However, only a few studies show the influence ofHydrated Lime (HL), Lime-
stone (LS), and their combined effect (HL + LS) on the creep recovery performance
of asphalt mastic with the combination of modifiers and anti-stripping agents. This
paper employs the multiple stress creep recovery (MSCR) test as per AASHTO T
350 to understand the creep recovery properties of asphalt mastic. This study modi-
fied a neat PG 58-28 binder with Styrene–Butadiene–Styrene (SBS) or Gilsonite and
Zycotherm as a liquid anti-stripping agent. Different filler-binder (F/B) ratios of HL,
LS, and different proportions ofHL+LS combinedwith SBS andGilsonitemodified
binder containing Zycotherm were utilized to fabricate the asphalt mastic. Then, the
Rolling Thin-FilmOven (RTFO) protocol was applied to simulate asphalt production
time aging. The performance of these mastics was compared using non-recoverable
creep compliance, stress sensitivity analysis, and MSCR percent recovery analysis.
AASHTOM332 specifications have been used to classify all themastics based on the
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Jnr value at 3.2 kPa and stress sensitivity. In addition, polymer modification curves
specified by the asphalt institute (AI) were employed to interpret the test results.
According to the analysis of experimental data, the combined effect of 10% HL and
70% LSmodified with SBS was observed to be predominant and satisfy all the creep
recovery performance requirements.

Keywords Asphalt mastic · Multiple stress creep recovery · Hydrated Lime
(HL) · Limestone (LS) · Combined effect

1 Introduction

The component of the asphalt mixture known as the mastic deforms when stress
is applied [1]. Mastic testing and research on the optimum filler-binder combina-
tion are subjects that are gradually garnering attention in this area and have demon-
stratedmore potential than traditional binder testing [2, 3].Asphalt mastic’s cohesion
and adhesion characteristics influence pavement performance [4]. In order to create
asphalt mastic, fillers, a key component of the asphalt mixture’s dispersion system,
are often mixed with binder at certain ratios [5]. Most of this aggregate passes a
0.075 mm sieve [6]. With the inclusion of fillers, the cohesion between components
formed mastic, where fillers influence the asphalt mixture by increasing the stiffness
and altering the moisture resistance, workability, and compaction characteristics of
asphalt mixtures [3, 7].

A filler’s function in an asphalt mixturemay be divided into the following separate
actions: (1) functioning as an inert filler material (Limestone, dolomite, basalt, etc.)
to fill spaces between coarse aggregates, and (2) acting as an active filler material
(Hydrated Lime, fly ash, diatomite) when it encounters binder at the interface [8].
This study uses active filler Hydrated Lime (HL), which enhances the elasticity of
asphalt mastic, lowers aging, and boosts moisture damage resistance [9]. Conversely,
inert filler Limestone (LS) improves rutting performance by stiffening the asphalt
mix. Thus, combining active and inert fillers can improve the rutting and moisture
damage resistance. When the quantity of filler used exceeds a certain limit, thermal
crackingmay develop. This is because the filler particles are cementing the binder too
strongly. Few studies were reported to investigate the combined effects of inert and
active filler on the rheology-like creep recovery performance of asphaltmastic.More-
over, polymer-modified mastics offer more significant MSCR % recovery, whereas
unmodified mastics show less MSCR % recovery [3]. High-temperature MSCR %
recovery of modified asphalt mastic is yet to be evaluated. Hence, the present study
investigated the high-temperature creep recovery performance of modified asphalt
mastic fabricated with active, inert, or a combination of active and inert filler. The
effect of asphalt mastic on various filler-binder ratios was also assessed using the
MSCR test to determine the adequate amount of filler.

The MSCR test uses shear stress, and the test consists of 1 s creep followed by
9 s recovery. There are 10 cycles of creep, and recovery is done at two different
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levels of stress: 0.1 and 3.2 kPa. The non-recoverable creep compliance (Jnr) and
percent recovery (R) values are computed from the test results at both stress levels,
as stated in the applicable AASHTO and ASTM standards [10, 11]. Jnr is recom-
mended to represent the binder contribution to an asphalt mix permanent deforma-
tion. Another parameter, Jnr diff. values used to analyze an asphalt binder’s stress
sensitivity. However, this parameter is used in the mastic scales in this study. The
MSCR%Recovery at 3.2 kPa is used to construct the polymer method MSCR curve
to interpret the elastomeric performance of the RTFO aged asphalt mastic and ensure
whether the samples are modifiedwith an acceptable range with elastomeric polymer
[11].

1.1 Objectives

• Evaluate the creep recovery performance of HL, LS, and combination of HL and
LS in RTFO aged asphalt mastic containing modifiers and liquid anti-stripping
agent based on non-recoverable creep compliance, MSCR% recovery at 3.2 kPa,
and stress sensitivity.

• Compare the performance of SBS and Gilsonite to determine whether Gilsonite
can be a viable alternative to SBS at high temperature and

• Investigate the effect of filler-binder (F/B) ratio on the creep recovery performance
of RTFO aged asphalt mastic.

2 Materials and Methodology

2.1 Materials

Asphalt Binder. The selection of binder is crucial in preventing common pavement
distresses such as rutting. For this study, PG 58-28 binder was chosen as the control
binder based on its ability to perform well in extremely hot and cold climates. PG
58-28 was collected from McAsphalt.

Modifiers and Anti-stripping Agent. Two different modifiers were used in this
study SBS (4% by the weight of base binder) and Gilsonite (10% by the weight of
base binder) as shown in Fig. 1. Gilsonite and SBS were obtained from American
Gilsonite Company and Yellowline Asphalt Products Limited, respectively. Liquid
anti-stripping agent Zycotherm SP2was addedwith themodified asphalt. Zycotherm
SP2was supplied byZydex Industries, and it will be termed as Zycotherm throughout
this study. 0.1% Zycotherm with 4% SBS and 10% Gilsonite showed better rutting
performance in the previous study [12, 13]. So, 4% SBS, 10% Gilsonite, and 0.1%
Zycotherm have been chosen in this study.
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Fig. 1 Binder modifiers a Gilsonite, and b SBS and anti-stripping agent c Zycotherm

Fillers. Two different filler materials have been used in this study Hydrated Lime
and Limestone. The hydrophilic coefficient of Hydrated Lime is 0.81, and for Lime-
stone, it is 0.76. To evaluate the influence of the proportions of filler, three different
F/B (0.3, 0.4, and 0.5 by the weight of the base binder) ratios of HL were used
to prepare the asphalt mastic. Conversely, Limestone was obtained from Atlantic
Minerals. The average size of the collected Limestone was 2–10 mm. To grind the
materials, planetary ball mill equipment was used. After grinding the materials, the
fine particles of LSwere sieved with sieve No. 200. The LS powder passing sieve No.
200was collected to use as a filler. The fillers are presented in Fig. 2.While preparing
the mastic with LS, three different F/B ratios (0.7, 0.8, and 0.9 by mass) were used to
evaluate the multiple stress creep recovery performance of asphalt mastic. The ideal
filler content for modifiedmastic is between 0.8 and 1.2 [14]. Due to the considerable
rise in mastic consistency, HL fillers must be introduced in small quantities. The F/B
ratio was lowered to 0.3 after taking the absorption capacity test findings into account
and an F/B range of 0.3–0.6 is advised to use [4]. Figure 3 displays scanning elec-
tron microscopy (SEM) imaging of the fillers. In the case of LS filler, most particles
have a small grain size. In contrast, HL particles (Fig. 3a) are coarser, irregular, and
porous. The mixture of HL and LS has well-graded particle size distribution with
less porous. Asphalt binder with well-graded particle size distribution may improve
the performance of asphalt mastics.

2.2 Methodology

Modification of Binder. Binders modified by SBS were prepared by preheating
the control binder at 160 °C for 1 h. to make it fluid and SBS (4% by weight of
base binder) were added and blended it for 45 min at 180 °C. Binders modified
by Gilsonite were prepared by blending the preheated control binder with Gilsonite
(10% by weight of base binder) for 30 min at 180 °C. Zycotherm, an anti-stripping
agent, was added to both modified asphalts via a magnetic stirrer.
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Fig. 2 a HL filler, b Limestone, and c LS filler

Fig. 3 SEM images of a HL filler and b LS filler c HL + LS filler

Sample Preparation of Asphalt Mastic. Prior to blending the fillers with the
modified binder, each filler was cleaned and dried for 24 h at 105 °C in the oven.
Modified asphalt and fillers were blended for at least 45 min at a temperature of
170 °C to create asphalt mastic using a hand stirrer. The filler was added gradually
with the modified binder to avoid the filler sedimentation.

Aging, Testing, and Experimental Design. Finally, to simulate short-term labo-
ratory aging of the base binders and modified binders, The Rolling Thin-Film Oven
conditioning in accordance with AASHTO T 240 was employed. To prepare the
RTFO aged samples, a continuous heat of 163 °C was applied to the binders for
85 min. Finally, the MSCR test protocol was employed using the DSR equipment.
The testing temperaturewas64 °C.Therewere18 asphaltmastics containingdifferent
proportions of fillers. All the samples including the control binder tested twice to
ensure the reliability of the data. The experimental plan of this study is illustrated in
Fig. 4.
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Fig. 4 Experimental plan

3 Results and Discussion

3.1 Non-recoverable Creep Compliance, Jnr

The Jnr is calculated to evaluate the deformation as per the AASTHO M 332.
AASHTOM 332 specifications classify the binders as E (Extreme), V (Very heavy),
H (Heavy), or S (Standard), as based on the Jnr value at 3.2 kPa. The Jnr, which is
evaluated at 3.2 kPa, is used to assess the samples resistance to permanent deforma-
tion under repeated loading. A lower value of Jnr implies a lower rate of deformation,
which implies higher rutting resistance [15].

Analysis of Jnr of SBS Modified Asphalt Mastic. The Jnr value for the RTFO
aged PG58-28was 2.415 kPa−1 and in the binder level analysis, without the inclusion
of any filler, Jnr value of SBS modified 0.1% Zycotherm was found 0.2 kPa−1 [12,
13]. Inclusion of filler (HL and LS) with SBS had considerably reduced the Jnr
value (Fig. 5). SBS modified HL and LS filler mastics containing 0.1% Zycotherm
had a decreasing pattern with the increase of the F/B ratios, while combination of
HL and LS had an increasing pattern (Fig. 5). All the HL + LS mastics had a
Jnr value less than the other mastics. The Jnr value was fluctuated between 0.012
and 0.016 kPa−1. HL0.1 + LS0.7 had the lowest Jnr value with maximum rutting
performance. Maximum Jnr value could be seen for LS when the F/B ratio is 0.8,
which indicated the lower rutting performance in comparison with other mastics.
Overall, SBS modified HL + LS and HL filler showed better rutting performance
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Fig. 5 Comparison of Jnr at 3.2 kPa−1 of HL, LS, and HL + LS SBS modified asphalt mastic

in comparison with LS mastics. Interaction between HL and LS and well-graded
particle size distribution of the HL + LS mixture may be the possible reasons.

Analysis of Jnr of GilsoniteModified Asphalt Mastic. Gilsonite modified 0.1%
Zycotherm was found 0.25 kPa−1 in the previous investigation [12, 13]. According
to Fig. 6, inclusion of filler (HL and LS), the Jnr values decreased and ranged from
0.02 to 0.11 kPa−1 for Gilsonite modified asphalt mastic which was very low and
implied good rutting performance. However, the Jnr values for SBSmodifiedmastics
ranged from 0.012 to 0.04 kPa−1. So, SBS modified mastics had 2.75 times lower
Jnr values which implied better rutting resistance. Gilsonite modified HL, LS, and
HL + LS filler mastics containing Zycotherm had same pattern as the SBS modified
mastics although the Jnr values were more. HL0.1+LS0.7 containing had the lowest
value of Jnr. For both SBS and Gilsonite modified mastics, combination of HL + LS
outperformed the HL or LS filler mastics.
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3.2 Stress Sensitivity

Another critical parameter that can be measured from the MSCR test is stress sensi-
tivity, which is used to measure the nonlinearity of asphalt mastic. MSCR test was
conducted at 0.1 and 3.2 kPa. The difference in Jnr value at 0.1 and 3.2 kPa is used
to measure the stress sensitivity of the asphalt mastics, as mentioned in Eq. 1 [16],
However, there is a threshold value for this stress sensitivity, which is 75% based on
AASHTO TP 70. Any asphalt mastic sample may fail if the stress sensitivity value
crosses this threshold. Moreover, these samples are sensitive to higher stress and
high temperatures in the field [17].

Jnr,difference = Jnr,3.2 kPa − Jnr,0.1 kPa
Jnr,0.1 kPa

× 100%, (1)

where

(Jnr,difference) is the difference between the Jnr value at stress levels of 3.2 and 0.1 kPa;
Jnr,3.2 kPa is the Jnr value at stress levels of 3.2 kPa;
Jnr,0.1 kPa is the Jnr value at stress levels of 0.1 kPa.

Numerous studies have expressed concern regarding the applicability of this 75%
threshold value due to the need for a relationship between Jnr difference and field
performance [18–20]. Stempihar et al. solved the debate and proposed a new param-
eter [21]. Jnr slope in Eq. 2 is used to calculate the stress sensitivity. The new param-
eter works well for the modified binders and provides a comparable evaluation of
stress sensitivity and low Jnr value at 3.2 kPa.

Jnr,slope = Jnr,3.2 kPa − Jnr,0.1 kPa
3.1

× 100%, (2)

where

Jnr,slope is the proposed parameter for stress sensitivity;
Jnr,3.2 kPa is the Jnr value at stress levels of 3.2 kPa;
Jnr,0.1 kPa is the Jnr value at stress levels of 0.1 kPa.

Analysis of Stress Sensitivity of SBSModified Asphalt Mastic. Figure 7 shows
the comparison of stress sensitivity of SBS modified asphalt mastic with different F/
B ratios of HL, LS, and HL + LS filler using the Jnr diff. parameter. All the mastics
of HL and HL+ LS passed the stress sensitivity criteria and less stress sensitive than
the RTFO aged binder. Conversely, all the mastics of LS failed the stress sensitivity
criteria.

The comparison of the modified method of stress sensitivity of SBS modified
asphalt mastic with varying F/B ratios of HL, LS, and HL + LS is shown in Fig. 8
using the parameter Jnr slope. All the mastics passed the modified stress sensitivity
criteria,whereas all theLSmastics contain failed to pass the previous stress sensitivity


