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In Spain, there is a growing interest in recycling bituminous
pavements, for both technicl and economic reasons. Of all
possible procedures, on-site rejuvenating recycling is the one
with the most future. Beforehand, a physical and chemical
study is necessary to determine the characteristics of the
ageing binder as well as to develop the new ones. This paper
presents the application of the technology developed by the
Repsol for two recycling projects carried out in Spain. Based
on a chemical analysis of the bituminous extracts of the
ageing pavement, the most adequate characteristics of the
rejuvenating product are determined. Then an emulsion is
formulated based on the former product, so as to keep to a
minimum the total amount of water from compaction of the
ageing pavement mixture. Finally, laboratory tests establish
the mechanical features of the new mixture, and the optimal
emulsion content is chosen. Implementing these recycled
mixtures has been problem-free, and excellent results have
been obtained in the two projects where this type of
technology has been applied. For the covering abstract of this
conference see IRRD number 872978.
Asphalt Pavements provides the know-how behind the
design, production and maintenance of asphalt pavements
and parking lots. Incorporating the latest technology, this
book is the first to focus primarily on the design, production
and maintenance of low-volume roads and parking areas.
Special attention is given to determining the traffic capacity,
required thickness and asphalt mixture type for parking
applications. Topics covered include: material information
such as binder properties, testing grading and selection;
construction information such as mixing plant operation,
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proportioning, mixture placement and compaction; and design
information such as thickness and mixture design methods
and guidelines on applying these to highways, city streets
and parking Areas. It is an essential practical guide aimed at
those engineers and architects who are not directly involved
in the asphalt industry, but who nonetheless need to have a
good general knowledge of the subject. Asphalt Pavements
provides a novice with enough information to completely
design, construct and specify an asphalt pavement.
Papers presented at a symposium held at Patiala during
19-20 May 2001.
Cold recycling (CR) is a partial recycling process through
which a portion of the existing recycled asphalt pavement
(RAP) material is rejuvenated and placed back on the road as
a new base course without introducing heat during the
recycling process. Although CR technology is not a new
concept, it has not been understood as well as Hot Mixture
Asphalt (HMA) and Warm Mixture Asphalt (WMA). Currently,
a nationwide standard for CR mixture design does not exist.
Furthermore, sufficient data is not available to indicate if there
is a difference between the performance of cold mixtures
stabilized with conventional emulsions versus those stabilized
with polymer modified emulsions.In this thesis, the
performance of lab produced CR specimens with
conventional asphalt emulsion and polymer modified asphalt
emulsion is investigated through conducting a series of tests.
CR specimens were prepared in precise procedures to
ensure reliable and consistent specimen production for
testing. Through basic volumetric measurements and
performance related tests including strength, durability,
moisture damage resistance, and rutting resistance, a general
CR mixture design procedure was established. Statistical
analysis was conducted to determine the difference between
performance of CR mixtures modified with conventional and
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polymer modified emulsion. Although no significantdifference
in performance was observed for most of the performance
measures, polymer modified emulsion was shown to improve
the rutting resistance of CR mixtures compared with
conventional emulsion.
This book covers new micro-/nanoemulsion systems in
technology that has developed our knowledge of emulsion
stability. The emulsion system is a major phenomenon in wellqualified products and has extensive usages in cosmetic
industry, food industry, oil recovery, and mineral processes.
In this book, readers will find recent studies, applications, and
new technological developments on fundamental properties
of emulsion systems.
Cold Recycled Bitumen Emulsion Mix Design for Roads in the
TropicsCreatespace Independent Publishing Platform

Construction materials are the most widely used
materials for civil infrastructure in our daily lives.
However, from an environmental point of view, they
consume a huge amount of natural resources and
generate the majority of greenhouse gasses. Therefore,
many new and novel technologies for designing
environmentally friendly construction materials have
been developed recently. This Special Issue,
“Environment-Friendly Construction Materials”, has
been proposed and organized as a means to present
recent developments in the field of construction
materials. It covers a wide range of selected topics on
construction materials.
So far in the twenty-first century, there have been many
developments in our understanding of materials’
behaviour and in their technology and use. This new
edition has been expanded to cover recent
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developments such as the use of glass as a structural
material. It also now examines the contribution that
material selection makes to sustainable construction
practice, considering the availability of raw materials,
production, recycling and reuse, which all contribute to
the life cycle assessment of structures. As well as being
brought up-to-date with current usage and performance
standards, each section now also contains an extra
chapter on recycling. Covers the following materials:
metals concrete ceramics (including bricks and masonry)
polymers fibre composites bituminous materials timber
glass. This new edition maintains our familiar and
accessible format, starting with fundamental principles
and continuing with a section on each of the major
groups of materials. It gives you a clear and
comprehensive perspective on the whole range of
materials used in modern construction. A must have for
Civil and Structural engineering students, and for
students of architecture, surveying or construction on
courses which require an understanding of materials.
This volume contains contributions from international
experts, reflecting the rapid advances in the design of
new improved bitumen and hydraulic bound composites,
the trends in the use of waste and recycled materials and
up-to-date methods of testing and evaluation.
Bituminous materials are used to build durable roads that
sustain diverse environmental conditions. However, due
to their complexity and a global shortage of these
materials, their design and technical development
present several challenges. Advanced Testing and
Characterisation of Bituminous Materials focuses on
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fundamental and performance testing
This expansive volume presents the essential topics
related to construction materials composition and their
practical application in structures and civil installations.
The book's diverse slate of expert authors assemble
invaluable case examples and performance data on the
most important groups of materials used in construction,
highlighting aspects such as nomenclature, the
properties, the manufacturing processes, the selection
criteria, the products/applications, the life cycle and
recyclability, and the normalization. Civil Engineering
Materials: Science, Processing, and Design is ideal for
practicing architects; civil, construction, and structural
engineers, and serves as a comprehensive reference for
students of these disciplines. This book also: · Provides
a substantial and detailed overview of traditional
materials used in structures and civil infrastructure ·
Discusses properties of natural and synthetic materials in
construction and materials' manufacturing processes ·
Addresses topics important to professionals working with
structural materials, such as corrosion, nanomaterials,
materials life cycle, not often covered outside of journal
literature · Diverse author team presents expect
perspective from civil engineering, construction, and
architecture · Features a detailed glossary of terms and
over 400 illustrations
This volume highlights the latest advances, innovations,
and applications in bituminous materials and structures
and asphalt pavement technology, as presented by
leading international researchers and engineers at the
RILEM International Symposium on Bituminous Materials
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(ISBM), held in Lyon, France on December 14-16, 2020.
The symposium represents a joint effort of three RILEM
Technical Committees from Cluster F: 264-RAP “Asphalt
Pavement Recycling”, 272-PIM “Phase and Interphase
Behaviour of Bituminous Materials”, and 278-CHA
“Crack-Healing of Asphalt Pavement Materials”. It
covers a diverse range of topics concerning bituminous
materials (bitumen, mastics, mixtures) and road, railway
and airport pavement structures, including: recycling,
phase and interphase behaviour, cracking and healing,
modification and innovative materials, durability and
environmental aspects, testing and modelling, multiscale properties, surface characteristics, structure
performance, modelling and design, non-destructive
testing, back-analysis, and Life Cycle Assessment. The
contributions, which were selected by means of a
rigorous international peer-review process, present a
wealth of exciting ideas that will open novel research
directions and foster new multidisciplinary collaborations.

"Written by engineers for engineers (with over 150
International Editorial Advisory Board members),this
highly lauded resource provides up-to-the-minute
information on the chemical processes, methods,
practices, products, and standards in the chemical,
and related, industries. "
Currently, there exists no universally accepted Cold
Bituminous Emulsion Mixtures (CBEMs) design
procedure. Three of the most popular design
procedures, which in essence were based on
AASHTO and the Asphalt Institute design guidelines
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were studied and tested in detail during the course of
this investigation. In general, the design procedures
investigated were found to be not user-friendly or
simple to implement. The main obstacles that restrict
the adoption of CBEMs as the first choice material
as opposed to conventional hot asphalts, for all
bound pavement layers are: the high compacted
mixture porosity, low early life strength and long
curing times. CBEMs are more widely accepted in
low to medium trafficked pavements. The key aims
of this investigation were to improve and simplify the
design procedure of CBEMs, and to investigate ways
of improving CBEMs volumetric and mechanical
properties. The main aggregate materials used in
this investigation were carboniferous limestone and
quartzitic asphalt sand. But in response to
environmental conservation campaigns, a range of
selected waste materials were also tested as partial
and full replacement to the virgin mineral
aggregates, including: pulverized fuel ash (PFA), red
porphyry sand, synthetic aggregates, steel slag,
crumb rubber, and crushed glass. The aggregate
gradations were designed using a modified Fuller s
curve. The emulsion used in this investigation was a
cationic bitumen emulsion with 60% and 62% binder
content composed of 100 pen base bitumen. The
mix design procedure initially developed in this
investigation was found to be complicated from a
practical application point of view, in particular the
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steps required to determine the optimum total liquid
content at compaction, which were unlikely to be
practicable for site applications. A more simplified
CBEMs design procedure was therefore introduced
in this thesis, where the coating test was found to
play a very essential role. Improvements in all
mixture properties were readily accomplished by
increasing the compaction effort to reduce porosity
and by incorporating cement. The porosity target of
5-10% and minimum indirect tensile strength (ITSM)
value of 2000 MPa at a fully cured condition were
more easily achievable. The main emphasis of this
modified design procedure was on simplicity and
practicality whilst maintaining the key volumetric and
mechanical properties of the mixtures. In this
investigation, the mechanical Performances of the
CBEMs at full curing condition were more
comprehensively evaluated in terms of fatigue and
creep tests. Attempts to accelerate the curing times
of cold asphalt mixtures were made by compacting
the CBEM specimens in two layers (two lifts) thus
allowing the moisture to escape faster from each
layer and hence reducing the overall curing time.
The results from these laboratory trials were very
encouraging. Additionally, the incorporation of plastic
cells was found to significantly reduce shear
deformations of CBEMs under loading during their
early lives. The inclusion of plastic grids in the upper
layer of a two layered cold mixture system appeared
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to be very promising. It was concluded that the
CBEMs design procedure proposed in this
investigation was simpler than the initially adopted
procedure. The main advantages of this modified
design procedure were that whilst it maintained all
the key volumetric and mechanical properties of the
mixtures it was simpler and more practical than other
existing procedures. Heavier compaction effort and
the incorporation of I to 2% cementitious materials
were found to be essential for improving the
performance of CBEMs, and as is well known,
CBEMs are most suitable in dry warmer climates.
When CBEMs are carefully designed and are
allowed to achieve a full curing condition, the
performance of CBEMs can be comparable to hot
asphalt mixtures with the same penetration grade
binder.
Cold bitumen emulsion mixtures (CBEMs) offer an
energy-efficient, sustainable and cost-effective
alternative to conventional hot asphalt mixtures, as
no heating is required to produce the CBEMs. The
enhancement of flexible pavements performance by
modifying asphalt mixture has been considered
valuable. This is due to the undesirable
environmental conditions and heavy loads that will
cause unsatisfactory performance of conventional
mixtures. Empirical methods using layers with elastic
response have been largely used to design such
mixtures. Currently fast and powerful design
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techniques are used to reduce the limitation in
determining stresses, strains and displacement in
flexible pavements analysis. This research presents
a simple and more practicable design procedure of
CBEM and discusses limitations of this design. Also,
present the properties and characteristics of
modified CBEMs for surface course mixture using
glass fibre as a reinforcing material. In addition, a
three-dimensional (3D) finite element analysis (FEA)
simulation for the prediction of pavement mechanical
behaviour and performance is carried out using
ABAQUS software in which element types, model
dimensions and meshing have been taken to
achieve appropriate accuracy and convergence.
This edited volume on challenges in structural and
bridge engineering brings together contributions to
this important area of engineering research. The
volume presents findings and case studies on
fundamental and applied aspects of structural
engineering, applied to buildings, bridges and
infrastructures in general, and heritage patrimony.
The scope of the volume focuses on the application
of advanced experimental and numerical techniques
and new technologies to the built environment. The
volume is based on the best contributions to the 2nd
GeoMEast International Congress and Exhibition on
Sustainable Civil Infrastructures, Egypt 2018 – The
official international congress of the Soil-Structure
Interaction Group in Egypt (SSIGE).
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This book presents the latest advances in research
to analyze mechanical damage and its detection in
multilayer systems. The contents are linked to the
Rilem TC241 - MCD scientific activities and the
proceedings of the 8th RILEM International
Conference on Mechanisms of Cracking and
Debonding in Pavements (MCD2016). MCD2016
was hosted by Ifsttar and took place in Nantes,
France, on June 7-9, 2016. In their lifetime,
pavements undergo degradation due to different
mechanisms of which cracking is among the most
important ones. The damage and the fracture
behavior of all its material layers as well as
interfaces must be understood. In that field, the
research activities aims to develop a deeper
fundamental understanding of the mechanisms
responsible for cracking and debonding in asphalt
concrete and composite (e.g. asphalt overlays
placed on PCC or thin cement concrete overlay
placed on asphalt layer) pavement systems.
This volume presents selected papers presented
during the 4th International Conference on
Transportation Geotechnics (ICTG). The papers
address the geotechnical challenges in design,
construction, maintenance, monitoring, and
upgrading of roads, railways, airfields, and harbor
facilities and other ground transportation
infrastructure with the goal of providing safe,
economic, environmental, reliable and sustainable
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infrastructures. This volume will be of interest to
postgraduate students, academics, researchers, and
consultants working in the field of civil and transport
infrastructure. .
"This new edition reflects many of the very significant
advances which have taken place in the period since the
last edition was published. I am confident that you will
feel that this is a worthy addition to your asphalt book
shelf." Robert Hunter This respected Handbook has
earned its reputation as the authoritative source of
information on bitumens used in road pavements and
other surfacing applications. This new edition has been
up-dated to ensure The Shell Bitumen Handbook retains
its excellent reputation. This comprehensive Handbook
covers every aspect of bitumen, from its manufacture,
storage and handling to specifications and quality along
with a whole chapter on bitumen emulsions. The
mechanical testing and physical properties of bitumen,
its structure and rheology, properties such as durability
and adhesion, and the influence of these properties on
performance in practice are all set out in individual
chapters. A further chapter is devoted to the practice of
enhancing the performance of bitumen's by the addition
of modifiers. Considerable attention is given to the
different aspects of asphalts, detailing types of mixture,
their manufacture and testing, mechanical properties,
transport, laying and compaction and mixture design.
This excellent reference also devotes chapters to the
important topics of analytical design of flexible
pavements and the technology of surface dressing.
Since the last edition, there have been significant strides
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in a number of key areas of asphalt technology. These
include the development of new mixtures, an improved
understanding of the mechanisms by which pavements
fail and the availability of high-performance bitumens.
The Handbook has been fully revised to reflect these
advances, as well as updating the standard procedures
and methods which are necessary nowadays for those
involved in using asphalts in an environment of evermore demanding specifications. Compiled by the Shell
Bitumen European Technical Team The Shell Bitumen
Handbook is intended to be of daily use to civil engineers
in pavement construction and maintenance, and also to
students and researchers.
The proliferation of technological capability,
miniaturization, and demand for aerial intelligence is
pushing unmanned aerial systems (UAS) into the realm
of a multi-billion dollar industry. This book surveys the
UAS landscape from history to future applications. It
discusses commercial applications, integration into the
national airspace system (NAS), System function,
operational procedures, safety concerns, and a host of
other relevant topics. The book is dynamic and wellillustrated with separate sections for terminology and
web- based resources for further information.
This book presents the detailed results of five task
groups of the RILEM technical committee TC 237-SIB on
Testing and Characterization of Sustainable Innovative
Bituminous Materials and Systems. It concentrates on
specific new topics in asphalt binder and mixture testing,
dealing with new developments in asphalt testing, in
particular also in view of new innovative bituminous
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materials, such as hot and cold recycled mixtures, grid
reinforced pavements and recycled Reclaimed Asphalt
Pavements (RAP), where test methods developed for
traditional asphalt concrete are not a priori applicable.
The main objective is providing a basis for prestandardization by comparing different test methods and
showing ways for fundamental improvements. Thus, the
book also points the way for a further advanced chemophysical understanding of materials and their role in
pavement systems relying on fundamental material
properties and suitable models for describing and
predicting the intrinsic mechanisms that determine the
material behavior.
A flexible road pavement structure must principally be
designed, such that it will facilitate smooth and safe ride
(or passage of vehicular traffic both in size and weight)
throughout its design life. These requirements by
implication pose the two challenges of ensuring
structural and functional viability of the road pavement
throughout its design life. The design of course must be
within the budget constraints. These are accomplished
by proper mix and structural design of the pavement.
This book presents the process of cold recycled
bituminous emulsion mix design. The cold mix design
entailed optimising the volumetric of the materials
involved using both the ITS and ITSM tests. Although the
design principle adopted here is used for the wellestablished hot mixtures, it should continue to be used
for cold mixes until their nature is fully understood. More
importantly, the trend in the industry is that such cold
mixtures should meet same requirements set for hot
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mixtures.
This volume highlights the latest advances, innovations,
and applications in the field of asphalt pavement
technology, as presented by leading international
researchers and engineers at the 5th International
Symposium on Asphalt Pavements & Environment (ISAP
2019 APE Symposium), held in Padua, Italy on
September 11-13, 2019. It covers a diverse range of
topics concerning materials and technologies for asphalt
pavements, designed for sustainability and
environmental compatibility: sustainable pavement
materials, marginal materials for asphalt pavements,
pavement structures, testing methods and performance,
maintenance and management methods, urban heat
island mitigation, energy harvesting, and Life Cycle
Assessment. The contributions, which were selected by
means of a rigorous international peer-review process,
present a wealth of exciting ideas that will open novel
research directions and foster multidisciplinary
collaboration among different specialists.
The design and construction of “long and deep” tunnels,
i.e. tunnels under mountains, characterised by either
considerable length and/or overburden, represent a
considerable challenge. The scope of this book is not to
instruct how to design and construct such tunnels but to
share a method to identify the potential hazards related
to the process of designing and constructing long and
deep tunnels, to produce a relevant comprehensive
analysis and listing, to quantify the probability and
consequences, and to design proper mitigation
measures and countermeasures. The design, developed
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using probabilistic methods, is verified during execution
by means of the so called Plan for Advance of the
Tunnel (PAT) method, which allows adapting the design
and control parameters of the future stretches of the
tunnel to the results of the stretches already finished,
using the monitoring data base. Numerous criteria are
given to identify the key parameters, necessary for the
PAT procedure. Best practices of excavation
management with the help of real time monitoring and
control are also provided. Furthermore cost and time
evaluation systems are analysed. Finally, contractual
aspects related to construction by contract are
investigated, for best development and application of
models more appropriate for tunnelling-construction
contracts. The work will be of interest to practising
engineers, designers, consultants and students in
mining, underground, tunnelling, transportation and
construction engineering, as well as to foundation and
geological engineers, urban planners/developers and
architects.
This book comprises select papers presented at the
International Conference on Trends and Recent
Advances in Civil Engineering (TRACE 2018). The book
covers a wide range of topics related to recent
advancements in structural engineering, structural health
monitoring, rehabilitation and retrofitting of structures,
and earthquake-resistant structures. Based on case
studies and laboratory investigations, the book highlights
latest techniques and innovative methods for building
repair and maintenance. Recent development in
materials being used in structural rehabilitation and
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retrofitting is also discussed. The contents of this book
can be useful for researchers and professionals working
in structural engineering and allied areas.
This publication establishes a basic understanding of
materials used in civil engineering construction as taught
in tertiary institutions across South Africa. It uses the
objectives of the NQF in promoting independent learning
and is the only book pertaining to Civil Engineering that
covers all the necessary topics under one roof.
Worldwide there is a growing interest in efficient planning
and the design, construction and maintenance of
transportation facilities and infrastructure assets. The 3rd
International Conference on Transportation Infrastructure
ICTI 2014 (Pisa, April 22-25, 2014) contains
contributions on sustainable development and
preservation of transportation infrastructure assets, with
a focus on eco-efficient and cost-effective measures.
Sustainability, Eco-efficiency and Conservation in
Transportation Infrastructure Asset Management
includes a selection of peer reviewed papers on a wide
variety of topics: • Advanced modeling tools (LCA, LCC,
BCA, performance prediction,design tools and systems)
• Data management (monitoring and evaluation) •
Emerging technologies and equipments • Innovative
strategies and practices • Environmental sustainability
issues • Eco-friendly design and materials • Re-use or
recycling of resources • Pavements, tracks, and
structures • Case studies Sustainability, Eco-efficiency
and Conservation in Transportation Infrastructure Asset
Management will be particularly of interest to academics,
researchers, and practitioners involved in sustainable
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development and maintenance of transportation
infrastructure assets.
This proceedings volume consists of papers focusing on
repairing, maintaining, rehabilitating, and retrofitting of
existing infrastructures to extend their life and maximize
economic return. Moreover, structural performance and
material durability are discussed. Contributions fall under
the following headings: (i) Concrete durability aspects,
(ii)
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