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1) Alghrafy, Yasser M; El-Badawy, Sherif M; Abd Alla, El-Sayed M. Rheological and environmental evaluation 
of sulfur extended asphalt binders modified by high- and low-density polyethylene recycled waste. 
Construction and Building Materials, Volume 307, Issue 0, 2021  https://trid.trb.org/view/1882106  
Abstract: This research evaluates the rheological properties of virgin asphalt and sulfur extended asphalt 
(SEA) modified with two types of recycled plastic waste (rPW). The investigated plastic wastes are the 
recycled low-density polyethylene (rLDPE) and recycled high-density polyethylene (rHDPE). It also assesses 
the environmental and economic benefits of recycling such materials. A total of 16 modified binder samples 
are produced by adding rLDPE and rHDPE modifiers to virgin asphalt and SEA in four different 
concentrations of 2%, 4%, 6%, and 8% by weight of asphalt. The basic and rheological properties of the 
virgin and modified asphalts are explored by conventional tests, and advanced rheological tests at different 
aging conditions. Finally, cost-effectiveness and environmental analyses are conducted. The environmental 
benefit analysis is performed by comparing carbon and non-methyl volatile organic compound (NMVOC) 
emission from the various recycled polyethylene (rPE) with the manufacturing process of the same 
quantities of virgin LDPE and HDPE when used to modify asphalt. The effect of incorporating sulfur into 
virgin asphalt on the environment is also determined. Results show that modification yields a higher binder 
complex shear modulus (G*) and a lower loss tangent (tan δ) at all traffic speeds meaning improved rut 
resistance behavior under heavy traffic loading and high temperature conditions. About 29% reduction in 
material cost occurs when rPE-modified SEA is used instead of virgin asphalt. The environmental and 
economic analyses show that using SEA modified with rPE for road construction is an economic, sustainable, 
and ecological alternative with better performance compared to virgin asphalt. 

 
2) Trochez, J; Grenfell, J; Harrison, J. Recycled materials in roads: Queensland state of play (2019/2020).  

National Asset Centre of Excellence (NACOE), 2021, 30p  https://trid.trb.org/view/1857804  
Abstract: This report provides a summary of the current state of play for the use of recycled materials 
across the Queensland Department of Transport and Main Roads’ (TMR) network, including materials that 
are covered by TMR’s standard specifications and those emerging materials under investigation by the 
National Centre of Excellent (NACOE) research program. A summary of materials is provided and includes 
barriers to current use and feasible pathways to overcome these barriers, as well as opportunities for future 
research. Currently, the recycled materials covered by TMR standards and specifications include crushed 
concrete, brick and glass, reclaimed asphalt pavement (RAP), crumb rubber, fly ash and ground granulated 
blast furnace slag (slag). Additionally, TMR allows the in situ recycling of existing pavement materials. 
Further research is underway on the use of crumb rubber in asphalt as well as the use of recycled plastics in 
road construction. Other emerging materials for Australia include bottom ash. The incorporation of recycled 
materials into the construction, rehabilitation, and maintenance of road pavements, as well as the reduction 
of waste and greenhouse gas (GHG) emissions generated by these activities, are part of the strategies for 
TMR to deliver more sustainable road infrastructure. Road materials sourced from naturally occurring 
reserves are becoming an increasingly scarce resource; recycling and/or modification of in situ or readily 
available non-standard materials is an innovative and value for money solution for maintaining 
Queensland’s road network. The main barriers to the use of recycled materials across TMR’s network are 
awareness, availability of materials, perceived health, safety and environment (HSE) concerns, perceived 
performance, procurement and potential cost. TMR has, and continues to, address these barriers through 
ongoing research and development (such as NACOE) and updates to standards and specifications; however, 
despite this the use of recycled materials in Queensland roads remains relatively low. 
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3) Meininger, Richard; Dylla, Heather; Youtcheff, Jack. Looking to Aggregates to Improve Pavement 

Sustainability. Public Roads, Volume 85, Issue 2, 2021  https://trid.trb.org/view/1867258  
Abstract: The United States Federal Highway Administration (FHWA) is conducting research, developing 
tools, and gathering data to improve how aggregate materials are sourced, planned, and used in sustainable 
pavement construction and maintenance. This article provides an overview of those activities. It also 
presents FHWA's Sustainable Pavements Program, which provides webinars, tools, and resources developed 
and presented to the pavement community that consider the elements of the triple bottom line of 
sustainability that are impacted by pavement design, aggregate choices, and pavement life cycle 
performance. Through the program, FHWA has developed tools to aid in choosing sustainable options for 
aggregate sources, transportation, and recycling, as well as showing how better performance and timely 
preservation are significant inputs into life-cycle analysis and pavement management concepts. 

 
4) Synthesis of Information Related to Highway Practices. Topic 52-17. Use of Recycling Agents in Asphalt 

Concrete Mixtures. [Project].  National Cooperative Highway Research Program, American Association of 
State Highway and Transportation Officials (AASHTO), Federal Highway Administration. Date: 6 Oct. 2020. 
https://trid.trb.org/view/1707177 
Description: The Federal Highway Administration (FHWA) has highlighted the importance of using recycled 
materials in the highway construction industry, due to the potential engineering, economic, and 
environmental benefits. The use of reclaimed asphalt pavement (RAP) and reclaimed asphalt shingles (RAS) 
has increased in highway construction to reduce the amount of virgin and non-renewable materials. 
Mixtures containing RAP and RAS are significantly stiffer than virgin mixtures as RAP and RAS have 
experienced in-service aging. Although the use of RAP and RAS in new asphalt mixtures may increase the 
rutting resistance of pavements, it may also compromise cracking resistance. To avoid this problem, asphalt 
mixtures containing RAP and RAS usually require the use of a softer binder or recycling agents (RA). 
Not all departments of transportation (DOTs) have experience with mixtures containing RAP and RAS or with 
using recycling agents. Factors preventing the use of these materials include specification limitations, lack of 
expertise in processing RAP and RAS, lack of availability of quality RAP and RAS, processes and data to 
support the use of RA, and negative prior experiences. The objective of this synthesis is to document current 
DOT practices regarding the use of recycling agents in asphalt mixtures containing RAP and RAS. 
Information to be gathered includes (but is not limited to): DOT policies, specifications, definitions, and 
guidelines related to the use of RA (existing or under development); types and documented performance of 
RAs available for use in asphalt mixtures; factors limiting the use of mixtures containing RA; extent of use of 
RAP and RAS mixtures with RA and how long have they been used; methodology for determining type and 
dosage of RA including the specific products used; techniques for evaluating the performance of mixtures 
containing recycling agents (e.g., binder evaluation, mix performance tests, and long term aging); and 
procedures for acceptance and quality assurance (e.g., testing, inspection, traceability). Information will be 
collected through literature review, a survey of DOTs, and interviews with agencies for the development of 
case examples. Information gaps and suggestions for research to address those gaps will be identified. 

 
5) Catalyst Regeneration of RAP-Binder in Asphalt. [Project].  Office of the Assistant Secretary for Research 

and Technology. Start date: 1 Aug. 2020.    https://trid.trb.org/view/1751141 
Description: Roads play a significant role in the quality of our lives, and asphalt is one of the key substances 
used to create roads. As the cost of asphalt materials increase, federal and state agencies, design engineers, 
road contractors, and asphalt suppliers search for methods to decrease material costs without 
compromising the pavement performance. One such sustainable method is the use of recycled materials to 
compensate for part of the virgin materials. The use of recycled asphalt pavement (RAP), generated from 
milling of old pavements, can potentially protect the environment and conserve resources; however, 
incorporation of RAP in virgin asphalt may be a challenging task. The aged asphalt binder extracted from 
RAP (hereinafter referred to as RAP-binder) generally cannot be used as a direct substitute for virgin asphalt 
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binder due to its aging during service life and the resulting changes in its chemical composition and 
properties. Asphalt binder’s chemical composition has a very delicate balance of polar to non-polar 
molecules, small to large molecules, and aromatic to paraffinic compounds. When there is an imbalance in 
this composition, incompatibility between the components may occur, resulting in poor engineering 
performance. Such an imbalance can originate from the aging of asphalt binder. The blending process of 
RAP-binder with virgin asphalt binder is not well understood yet, and the chemical complexity of the RAP-
binder is difficult to work with. RAP has been used with virgin asphalt binder in Louisiana and other states 
for a significant period of time; however, many state agencies are becoming more concerned with the use of 
high percentages of RAP (> 25%) with virgin materials. This is a potential issue because the increasing 
percentage may adversely affect the performance of asphalt pavements, eventually resulting in higher 
pavement maintenance and rehabilitation costs. RAP-binders are difficult to reuse because they often 
contain associated molecules with very high molecular weights. Due to the polarity gained during oxidative 
aging, the asphaltene-type molecules form associated structures. These high molecular weight components 
are responsible for RAP-binder’s increased viscosity and certain deteriorated rheological properties. As a 
remedy, rejuvenators, softening agents, softer binders, and antioxidants can be added to asphalt that 
contains high amounts of RAP-binder to rebalance their rheological properties. Another approach to 
increase the amount of RAP-binder would be to modify the binder’s chemical composition with the help of a 
reagent or catalyst. Catalysts have been already positively impacting our lives with clean energy and green 
chemistry. This proposal will study effective ways to incorporate a high amount (> 25%) of RAP content in 
asphalt mixtures using a novel approach of introducing a catalyst that can disrupt the associated molecules 
formed during aging. The use of a catalyst such as a Lewis acid to break the associated molecules in the RAP-
binder is a new promising approach. The project will investigate the effect of a Lewis acid catalyst such as 
Iron (III) chloride and Zinc chloride on the chemical composition of RAP-binder. These catalysts are known to 
catalyze the conversion of coal to liquid product, but the mechanism of action is not well understood. A 
detailed study of the chemical changes that occur to the RAP-binder before and after the modification will 
be carried out. The various virgin binder and RAP-binder blends with catalyst will be subjected to extensive 
chemical characterizations. This research is anticipated to facilitate the use of higher RAP contents in road 
construction. The outcomes of this study reduce the cost of highway construction and develop more 
environmentally friendly practices. 

 
6) Huber, Stefan; Henzinger, Christoph; Heyer, Dirk. Influence of Water and Frost on the Performance of 

Natural and Recycled Materials Used in Unpaved Roads and Road Shoulders. Transportation Geotechnics, 
Volume 22, Issue 0, 2020, 100305  https://trid.trb.org/view/1671507 
Abstract: In recent years, recycled materials from construction and demolition waste (C&D materials) have 
gained ever more importance as secondary construction materials in civil engineering, especially for road 
construction purposes. Their use in high-grade applications is an important contribution to a circular 
economy. However, from a technical viewpoint, reservations remain about the use of such materials. Such 
reservations typically concern their performance when exposed to water and frost. The aim of this study 
was to evaluate the field performance of unbound mixed C&D materials used in surface applications like 
road shoulders or unpaved roads and exposed to the weather conditions of central Europe and to compare 
the mixed C&D material with two natural reference materials. Two mixed C&D materials and two natural 
reference materials were field compacted and exposed to the weather during the winter of 2017/2018 and 
early summer of 2018. The parameters monitored during the period of observation were dry density, 
stiffness and particle breakdown due to weathering. The results highlight the possible technical benefits of 
using C&D materials derived from construction and demolition waste instead of natural raw materials in 
applications such as road shoulders or unpaved roads. 

 
7) Varma, Sudhir; Jamrah, Anas; Kutay, M Emin; Korkmaz, Kasim A; Haider, Syed  W; Buch, Neeraj. A 

framework based on engineering performance and sustainability to assess the use of new and recycled 
materials in pavements. Road Materials and Pavement Design, Volume 20, Issue 8, 2019, pp 1844-1863 
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https://trid.trb.org/view/1652435 
Abstract: Growing need for increased use of recycled and new materials in road construction has emerged 
due to the continuous depletion of natural resources and increased impact of the current state of practice 
on the environment. Sustainable construction practices have been favoured by Federal and State 
Departments of Transportation as well as the industry. However, the impacts of using new and recycled 
materials in pavements, particularly on long-term pavement durability and performance, are often 
unknown. A comprehensive procedure for evaluating these “proposed materials” in terms of engineering 
performance and sustainability is very significant for making appropriate decisions on whether to use them 
for road construction. The research is performed based on whether the material is proposed to be used in 
asphalt, concrete, or in unbound layers. An analysis framework and, a software (called NewPave) was 
developed to help the Michigan Department of Transportation (MDOT) identify the impacts of new and 
recycled materials on pavement performance and the environment. The analysis framework included two 
basic components; (i) engineering performance, and (ii) sustainability. Engineering performance evaluation 
included several options for each material type to be used in different pavement layers. The sustainability 
analysis included three basic components; environmental, economic and social analyses. Finally, the scores 
obtained from the engineering evaluation are combined with those based on sustainability to obtain an 
overall score. The overall score can be used to accept/reject the trial use of the new and recycled materials 
in MDOT administered roads. While the framework presented herein was developed for MDOT, it can easily 
be adapted by other DOTs. 

 
8) Cruz, E A López de la; Cadena, T D Hernández. Sustainable Concrete Rocapet. 26th World Road Congress, 

World Road Association (PIARC), 2019, 9p  https://trid.trb.org/view/1743978 
Abstract: Every year, more than 8 million metric tons of plastic are deposited into the ocean, the equivalent 
of emptying a garbage truck full of plastic every minute into the ocean (World Economic Forum 2016). [1] 
The construction sector is responsible for 40 percent of the virgin materials extracted from the earth, 40 
percent of the energy consumed on earth (including energy in use), 20–30 percent of total greenhouse gas 
emissions, and 50 percent of the total waste generated (UNEP-SBCI 2014). [2] The construction sector’s 
exploitation of sand and gravel, which are non-renewable resources, represents the largest volume of 
material extraction worldwide after water. The carbon dioxide emissions generated by the extraction and 
the transport of sand and gravel affect biodiversity, water turbidity, erosion of the earth’s crust, and the 
climate (UNEP 2014). [3] According to the United Nations’ Environment Program, to mitigate these 
problems, it is necessary to do the following: - Reduce the consumption of sand or gravel; optimize existing 
infrastructures, recycle concrete debris, or use alternative construction materials such as wood. - Establish 
taxes on the extraction of sand and gravel to encourage the use of economically viable alternatives. - 
Reduce the negative effects of extraction: adapt the extraction rate to the rate of renewal of resources and 
establish an acceptable extraction limit. To reduce the exploitation of sand and gravel, we propose that the 
construction industry use polyethylene terephthalate (PET), which is a plastic, instead of gravel, to 
manufacture concrete. With ROCAPET, PET is used as a coarse aggregate for the manufacture of concrete. 
Replacing a minor percentage of gravel with PET in the manufacturing process reduces the annual tonnage 
of post consumption PET, preserves a natural resource, and produces a sustainable concrete with lower 
volumetric weight. This method also reduces the cost of manufacturing ready-mix concrete and benefits the 
environment. With ROCAPET, it is possible to produce concrete for structural use. Using PET as a minor 
percentage to the gravel makes the concrete’s resistance go from f’c= 250 kg/cm² to f’c= 350 kg/cm², which 
fulfils the quality requirements of workability (slump), compression, bending, and temperature. 

 
9) Tiwari, Anurag V; Rao, Y R M. Study on Indirect Tensile Strength of Plastic Waste Bituminous Concrete for 

Road Construction. Romanian Journal of Transport Infrastructure, Volume 7, Issue 1, 2018, pp 93-106 
https://trid.trb.org/view/1540631 
Abstract: The rutting and cracking of pavements has become very common problem in India. Also the 
quantity of plastic waste has significantly increased in the recent year due to industrialization and 
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population growth. Improper disposal of these plastic wastes has caused various environmental problems, 
hence the alternative use of waste plastic in bituminous concrete for road construction has been 
encouraged by the community. In the present study the Indirect Tensile Strength Test has been carried out 
on Marshall Samples conforming to ASTM D6931-12. Three different processes (dry, wet  and combined 
process) of mixing of waste plastic were used during experimentation. It was found that the indirect tensile 
strength (ITS) and tensile strength ratio (TSR) of sample significantly increase up to 8%, 6% and 12% for dry 
process, wet process and combined process respectively for LDPE and HDPE type of waste plastic. 

 
 

10) Bodin, D; Berry, D; O'Keefe, L; Shanley, K; Papacostas, A. Potential use of crumb rubber asphalt for 
structural layers: initial pavement design analysis. ARRB International Conference, 28th, 2018, Brisbane, 
Queensland, Australia, 2018, 9p  https://trid.trb.org/view/1538103  
Abstract: Previous research has indicated that the biggest potential existing market for increased 
consumption of tyre-derived products in Australia is the road construction sector. In Victoria, crumb rubber 
is already used in sprayed seals but to a lesser extent in asphalt materials. Tyre Stewardship Australia (TSA) 
and Sustainability Victoria (SV) commissioned the Australian Road Research Board to conduct a project 
'Explore and Evaluate Local Market Development Opportunities for Crumb Rubber Asphalt in Australian 
Roads'. Part of this project was to evaluate the potential of Crumb Rubber Asphalt for thick asphalt 
pavement structural layers in conjunction with VicRoads. This paper presents a pavement life-assessment 
based on a pavement design example where crumb rubber asphalt (CRA) could be used as an alternative 
base layer material to the binder rich Type SF asphalt, which is currently used by VicRoads for typical heavy 
duty asphalt pavements. The analysis shows that, the use of CRA for the structural base layer could lead to 
significant reductions in asphalt thickness and therefore cost savings, with up to an approximately 10% 
reduction in thickness (35 mm) being possible based on the parameters used in the analysis. The analysis 
was based on estimated CRA modulus values which need to be confirmed and determined from laboratory 
measured moduli. As a result, the benefit of CRA would be more precisely quantified in the future. 

 
11) Arisha, A M; Gabr, A R; El-Badawy, S M; Shwally, S A. Performance Evaluation of Construction and 

Demolition Waste Materials for Pavement Construction in Egypt. Journal of Materials in Civil Engineering, 
Volume 30, Issue 2, 2018, 04017270  https://trid.trb.org/view/1489704  
Abstract: This paper focuses on the feasibility of using construction and demolition (C&D) waste materials, 
particularly blends of recycled concrete aggregate (RCA) with recycled clay masonry (RCM), as unbound 
granular materials (UGMs) for road construction in Egypt. The proportions of the RCA/RCM blends were 
100/0, 90/10, 80/20, 70/30, 55/45, 40/60, 20/80, and 0/100% of the total aggregate mass. In addition to the 
index properties of the blends, the samples of RCA and RCM before and after mixing were characterized by 
scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and X-ray diffraction (XRD). The 
initial matric suction was measured for the selected blends. Static triaxial shear and repeated load triaxial 
tests (RLTT) were conducted on triplicate specimens prepared according to the modified Proctor optimum 
moisture content and maximum dry density. Results showed that the initial matric suction increased by 
decreasing the RCM at a given moisture content. The RLTT results showed that as the RCM increased, the 
resilient modulus generally decreased. The universal resilient modulus (Mr) model was modified by 
incorporating the content of the RCM to predict the resilient modulus for the RCA/RCM blends. The 
proposed model yielded accurate predictions with the R2 of 0.82. Finally, the pavement performance in 
terms of rutting and fatigue cracking was estimated using multilayer elastic analysis along with the 
mechanistic-empirical pavement design guide (MEPDG) performance models and transfer functions. The 
predicted pavement performance of the sections with recycled materials as the subbase/base layers was 
better than the sections constructed with the typical virgin aggregate. 

 
12) Ranadive, M S; Hadole, H P; Padamwar, S V. Performance of Stone Matrix Asphalt and Asphaltic Concrete 

Using Modifiers. Journal of Materials in Civil Engineering, Volume 30, Issue 1, 2018 
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https://trid.trb.org/view/1486664  
Abstract: Waste plastic is harmful and affects the environmental cycle. This paper proposes the use of fiber 
extracted from refrigerator door panels (FERD) and waste plastic in bituminous mixes for road construction. 
The effect of modification of bituminous mixes like stone matrix asphalt (SMA) and asphalt concrete (AC) 
with FERD and processed waste plastic in granular form was studied. The FERD was used to modify the SMA 
and AC, whereas waste plastic was used to modify AC. Different mixes of SMA and AC were prepared with 
and without filler material. Furthermore, the study was done with varying lengths of fibers (2, 4, 6, and 
8 mm), which were added to the SMA and AC mixtures. Asphalt concrete mixtures with 0, 4, 6, 8, 10, and 
12% waste plastic by weight of bitumen were prepared. The effect of the preceding on drain down, Marshall 
stability, and indirect tensile strength was promising. 

 
13) Zhang, Jun; Simate, Geoffrey S; Hu, Xiaodi; Souliman, Mena; Walubita, Lubinda F. Impact of recycled 

asphalt materials on asphalt binder properties and rutting and cracking performance of plant-produced 
mixtures. Construction and Building Materials, Volume 155, Issue 0, 2017, pp 654-663 
https://trid.trb.org/view/1485163  
Abstract: The use of recycled asphalt materials (RAM), such as Reclaimed Asphalt Pavement (RAP) and 
Reclaimed Asphalt Shingles (RAS), offers a great benefit in improving the rutting resistance of Hot Mix 
Asphalt (HMA) due to the changes in the rheological properties of the aged asphalt binder. To improve the 
HMA crack resistance, soft asphalt binders are typically blended with RAP and/or RAS to modify their 
rheological properties. However, soft asphalt binders could compromise the HMA rutting resistance, 
particularly in areas with high pavement temperatures and heavy traffic. Texas has implemented HMA 
mixtures with addition of RAM in many projects, and several premature field-rutting failures were observed 
with these mixtures. The addition of stiff aged asphalt binders of RAP and RAS can also decrease the HMA 
cracking resistance potential. Different from other previous studies, this study used plant-produced 
mixtures collected from various highway construction sites and projects to investigate the effects of RAM on 
the asphalt binder properties as well as the rutting and cracking performances of these plant-produced 
asphalt mixtures that represent actual in-service field applications. Through this study, designers, engineers, 
and the industry are able to gain a clearer understanding of pavement performance of mixtures with RAM. 
As theoretically expected, the corresponding results indicated that addition of RAP and RAS significantly 
improved the Dynamic Shear Rheometer (DSR) high temperature grade of all the extracted asphalt binders, 
with most of the HMA mixtures exhibiting relatively low Jnr values in the multiple stress creep recovery 
(MSCR) test. For the HMA rutting performance tests, all the mixtures passed the Hamburg Wheel Tracking 
Test (HWTT) while some exhibited relatively high permanent deformation in the Repeated Load Permanent 
Deformation (RLPD) test. By comparison, the MSCR (Jnr)-RLPD correlation was found to be more definitive 
than the DSR-RLPD correlation. In general, the mixtures with RAP and RAS exhibited comparatively low 
cracking resistance in the Overlay Tester (OT). 

 
Academic Search Premier Database 
 
14) A Systematic Literature Review on Waste-to-Resource Potential of Palm Oil Clinker for Sustainable 

Engineering and Environmental Applications.  
Authors: Jagaba, Ahmad Hussaini1,2 (AUTHOR) Ibrahim.lawal@strath.ac.uk 

Kutty, Shamsul Rahman Mohamed1 (AUTHOR) lavania.baloo@utp.edu.my 
Hayder, Gasim3 (AUTHOR) ahjagaba@gmail.com 
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Yaro, Nura Shehu Aliyu1,4 (AUTHOR) 
Saeed, Anwar Ameen Hezam5 (AUTHOR) anwar_17006829@utp.edu.my 
Lawal, Ibrahim Mohammed2,6 (AUTHOR) 
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Birniwa, Abdullahi Haruna7 (AUTHOR) birniwa01@gmail.com 
Usman, Abdullahi Kilaco8 (AUTHOR) aukilaco@uhb.edu.sa 

Source: Materials (1996-1944). Aug2021, Vol. 14 Issue 16, p4456-4456. 1p.  
Abstract: Several agro-waste materials have been utilized for sustainable engineering and environmental 

application over the past decades, showing different degrees of effectiveness. However, information 
concerning the wider use of palm oil clinker (POC) and its performance is still lacking. Therefore, as a solid 
waste byproduct produced in one of the oil palm processing stages, generating a huge quantity of waste 
mostly dumped into the landfill, the waste-to-resource potential of POC should be thoroughly discussed 
in a review. Thus, this paper provides a systematic review of the current research articles on the several 
advances made from 2005 to 2021 regarding palm oil clinker physical properties and performances, with 
a particular emphasis on their commitments to cost savings during environmental and engineering 
applications. The review begins by identifying the potential of POC application in conventional and 
geopolymer structural elements such as beams, slabs, and columns made of concrete, mortar, or paste 
for coarse aggregates, sand, and cement replacement. Aspects such as performance of POC in wastewater 
treatment processes, fine aggregate and cement replacement in asphaltic and bituminous mixtures 
during highway construction, a bio-filler in coatings for steel manufacturing processes, and a catalyst 
during energy generation are also discussed. This review further describes the effectiveness of POC in soil 
stabilization and the effect of POC pretreatment for performance enhancement. The present review can 
inspire researchers to find research gaps that will aid the sustainable use of agroindustry wastes. The 
fundamental knowledge contained in this review can also serve as a wake-up call for researchers that will 
motivate them to explore the high potential of utilizing POC for greater environmental benefits associated 
with less cost when compared with conventional materials. [ABSTRACT FROM AUTHOR]  

  Copyright of Materials (1996-1944) is the property of MDPI and its content may not be copied or emailed 
to multiple sites or posted to a listserv without the copyright holder's express written permission. However, 
users may print, download, or email articles for individual use. This abstract may be abridged. No 
warranty is given about the accuracy of the copy. Users should refer to the original published version of 
the material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 1996-1944 
Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=152146626&site=ehost-live 

 
15) Analysis of Flexible Pavement with Steel Slag as Coarse Aggregate.  
Authors: Muralidhara, R.1 rm_dhar64@yahoo.co.in; Danavandi, Varsha S.2 varshasdanavandi.93@gmail.com 

Das, Vivek R.2 vivekdurgadath@gmail.com 
Source: AIP Conference Proceedings. 2020, Vol. 2204 Issue 1, p020016-1-020016-6. 6p. 1 Color Photograph, 1 

Diagram, 3 Charts.  
Abstract: Depletion of natural resources has created a problem to the construction industry. Owing to which 

engineers are now looking for alternative non-conventional materials that can be used in infrastructure 
development. This need has made scientists and engineers to think about wastes that can be used for 
benefit of mankind. In present scenario safe disposal of Industrial wastes is a great problem. These waste 
materials create environmental pollution in the vicinity because many of them are non-biodegradable. 
Studies reveal that industrial wastes can be used in road construction. Keeping this in mind, industrial 
waste materials which have been used till now were looked for and steel slag was selected finally. An 
extensive research has been made on utilization of steel slag for partial replacement of aggregates in 
flexible and rigid pavements. Steel slag was selected due to its characteristics which are almost similar to 
conventional aggregates and the fact that it is easily obtainable as a by-product of the steel industry. Steel 
slag has been considered for replacement of coarse aggregate in binder layer i.e. below surface layer of 
flexible pavements. Physical and mechanical properties were tested according to Indian Standard codes. 
Gradation was done as per trial and error method for conventional mixes and same was used for 
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consecutive replacements using steel slag for the coarser portion. Marshall Tests were conducted to 
obtain optimum binder content and maximum possible replacement corresponding to optimum stability. 
The stability and flow values of conventional and replaced mixes were compared. The stability values of 
mix prepared with steel slag increased by 15% with respect to mix prepared with Natural aggregate. 
There is decrease of percentage air voids and increase in flow values for modified mix with different 
replacement when compared with conventional mix. [ABSTRACT FROM AUTHOR]  

  Copyright of AIP Conference Proceedings is the property of American Institute of Physics and its content 
may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's 
express written permission. However, users may print, download, or email articles for individual use. This 
abstract may be abridged. No warranty is given about the accuracy of the copy. Users should refer to the 
original published version of the material for the full abstract. (Copyright applies to all Abstracts.) 

Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=141177721&site=ehost-live 

 
16) Assessment of simultaneous incorporation of crumb rubber and asphaltite in asphalt binders1.  
Authors: Mantilla-Forero, Javier Eduardo1 javier.mantilla@setec.com; Castañeda-Pinzón, Eduardo Alberto1 

castaned@uis.edu.co 
Source: Dyna. Jan-Mar2019, Vol. 86 Issue 208, p257-263. 7p.  
Abstract 
(English): 

Every day, roads are submitted to greater stresses. Thereby, additives have been incorporated to asphalt 
mixtures to enhance pavements performance. The purpose of this experimental study is to characterize 
for the first time, to date, the viscoelastic properties of asphalt samples modified with recycled rubber --
from used vehicles tires-- and asphaltite in the same mixture, at different temperatures and frequencies. 
All with the aim of optimizing the material properties and coming up with a proposal to an environmental 
issue: discarded vehicles tires and their after-service use. The stiffness of briquettes was analyzed by axial 
compression test. The results were principally represented in Black Space and Cole-Cole plot and indicate 
a substantial increase in stiffness and elasticity of the modified asphalt throughout the whole 
temperature range. This shows that the simultaneous addition of these two ingredients to the bitumen is 
a favorable alternative in road construction using asphalt pavements. [ABSTRACT FROM AUTHOR]  

  Copyright of Dyna is the property of Universidad Nacional de Colombia, Medellin, Facultad de Minas and 
its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright 
holder's express written permission. However, users may print, download, or email articles for individual 
use. This abstract may be abridged. No warranty is given about the accuracy of the copy. Users should 
refer to the original published version of the material for the full abstract.  

Link:  https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=135507062&site=ehost-live     
 
17) Building Sustainable Pavements: Investigating the Effectiveness of Recycled Tire Rubber as a Modifier in 

Asphalt Mixtures.  
Authors: Plati, Christina1 (AUTHOR) cplati@central.ntua.gr;  Cliatt, Brad1 (AUTHOR) 
Source: Energies (19961073). Nov2021, Vol. 14 Issue 21, p7099. 1p.  
Abstract: Building more sustainable pavements for the future requires knowledge of alternative and innovative 

materials for utilization in future road construction and maintenance activities. Being mindful of this 
need, the present study investigates a Reacted and Activated Rubber (RAR) compound modifier with the 
aim of defining an optimal RAR percentage in Asphalt Concrete (AC) mixes. It is acknowledged that when 
this type of modifier is incorporated within an AC mix as an alternative for the bituminous binder 
material, the associated economic, environmental and social benefits are significant. Simply put, the use 
of RAR modifiers provides the potential to utilize a waste product (rubber tires) as a more sustainable 
alternative to bitumen within AC mixtures. However, it seems that the information about the overall 
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performance of AC mixes modified with RAR is currently limited. On these grounds, the present study 
focuses on the surface course layer and evaluates (a) achieved physical characteristics (compaction 
degree/voids), (b) mechanical characterization results (stiffness moduli) and (c) friction-based properties 
of tested mixtures incorporating varying RAR levels and different test temperatures. From the evaluation, 
it is concluded that for the case of the surface course mixture under investigation, the optimal percentage 
by weight of bitumen for inclusion of the RAR modifier is 10%. [ABSTRACT FROM AUTHOR]  

  Copyright of Energies (19961073) is the property of MDPI and its content may not be copied or emailed to 
multiple sites or posted to a listserv without the copyright holder's express written permission. However, 
users may print, download, or email articles for individual use. This abstract may be abridged. No 
warranty is given about the accuracy of the copy. Users should refer to the original published version of 
the material for the full abstract. (Copyright applies to all Abstracts.) 

ISSN: 1996-1073 
Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=153602041&site=ehost-live 

 
18) Damage propagation rate and mechanical properties of recycled steel fiber-reinforced and cement-bound 

granular materials used in pavement structure.  
Authors: Farhan, Ahmed Hilal1 ahmed.farhan_ce@uoanbar.edu.iq; Dawson, Andrew Robert2; Thom, Nicholas 

Howard2 
Source: Construction & Building Materials. May2018, Vol. 172, p112-124. 13p.  
Abstract: Cement-bound granular mixtures (CBGMs) represent an attractive option to increase load-carrying 

capacity and sustainability in highway construction. However, reflection cracking of overlying pavement 
layers due to the low tensile strength of CBGMs represents an important obstacle limiting their use. This 
study is undertaken to investigate how incorporation, in CBGMs, of recycled steel fibers extracted from 
old tires, at different cement levels may affect their tensile properties related to pavement design. A 
combination of three levels of cement (3%, 5% and 7% by wt. of aggregate and fiber) and two 
reinforcement contents (0% and 0.5 by volume of aggregate) was investigated. To comprehensively 
quantify the benefits of fibers in the presence of variable cement contents, time-dependent fracture and 
damage propagation were examined quantitatively utilizing a combination of macro-surface cracks, 
fractal analysis and both image monitoring and processing techniques. The results indicated better tensile 
strength and toughness after cement and fiber inclusion. Furthermore, increasing the amount of cement 
accelerates the crack propagation and damage dispersion rate while these two parameters reduced 
significantly in the case of fiber-reinforced cemented aggregate. All benefits gained from fiber usage are 
more evident at higher cement contents. [ABSTRACT FROM AUTHOR]  

  Copyright of Construction & Building Materials is the property of Elsevier B.V. and its content may not be 
copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written 
permission. However, users may print, download, or email articles for individual use. This abstract may be 
abridged. No warranty is given about the accuracy of the copy. Users should refer to the original published 
version of the material for the full abstract. (Copyright applies to all Abstracts.) 

Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=129273896&site=ehost-live 

 
19)  Design of a Novel Road Pavement Using Steel and Plastics to Enhance Performance, Durability and 

Construction Efficiency.  
Authors: Jiang, Wei1,2 (AUTHOR) jiangwei@chd.edu.cn; Yuan, Dongdong1,2 (AUTHOR) ams@chd.edu.cn 

Sha, Aimin1,2 (AUTHOR) jhshan@chd.edu.cn; Huang, Yue3 (AUTHOR) Y.Huang1@leeds.ac.uk 
Shan, Jinhuan1,2 (AUTHOR) 2020021080@chd.edu.cn; ; i, Pengfei1,2; Bahia, Hussain (AUTHOR) 

Source: Materials (1996-1944). 2/1/2021, Vol. 14 Issue 3, p482. 1p.  
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Abstract: Durability is one important problem that pavement engineers need to address in pavement's long service 
life. Furthermore, easily recycled pavement materials, and safe and efficient pavement construction are 
also important areas for development in road engineering. For these reasons, a new asphalt steel plastic 
(ASP) pavement structure was proposed with an asphalt mixture forming the surface layer, and steel plate 
and plastic materials functioning as the main load-bearing layers. Based on a comprehensive performance 
review and cost-benefit analysis, stone mastic asphalt (SMA) is recommended to be used as the surface 
layer; and A656 steel plate and acrylonitrile butadiene styrene (ABS) plastic materials should be the main 
load-bearing layer, on top of a foundation layer made with graded crushed stones. A glass fiber reinforced 
polymer (GFRP) insulation layer is recommended for use between the steel plate and ABS. Mechanical 
properties of the ASP pavement were analyzed using the finite element method. Laboratory tests were 
conducted to verify the thermal insulation performance of GFRP, the high-temperature stability and the 
fatigue resistance of ASP pavement. Results show that some of the mechanical properties of ASP 
pavement (with a structure of 80 mm SMA asphalt mixture, 8 mm steel plate, 140 mm ABS and 200 mm 
crushed stones) are comparable with conventional long-life pavement (with 350 mm asphalt layer 
overlaying 400 mm graded crushed stones). Dynamic stability of the ASP slab specimens can reach 10,000 
times/mm, and the fatigue life is about twice that of SMA. Besides, the ASP pavement can be 
prefabricated and assembled on-site, and thus can greatly improve construction efficiency. From the 
lifecycle perspective, ASP pavement has many advantages over traditional pavements, such as durability, 
lower environmental footprint and recyclability, making it is worth further research  

Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=148547188&site=ehost-live 

 
20) Influence of Sand-Rubber Mixes Backfill on Mechanical Properties of Bridge Abutment/Foundation Piles.  
Authors: Wang, Zhaoyu1; Zhang, Nan2i, Qi1Chen, Xiaohui1 
Source: Soil Mechanics & Foundation Engineering. Mar2018, Vol. 55 Issue 1, p55-61. 7p.  
Abstract: Sand-rubber mixtures have the advantages of light weight, high strength, and low price. In this study, 

three-dimensional finite element simulation was carried out in GTS MIDAS based on the elastoplastic 
constitutive model to investigate the response of bridge abutments to sand-rubber mixtures backfills 
under static load condition. Four different backfill materials were used and compared in the modeling. 
The settlement of abutment foundation, displacements of bridge abutment and foundation pile, and 
bending moment of the piles were analyzed. The results show that the sand-rubber mixtures backfill can 
significantly decrease the settlement of foundation, and the displacements of bridge abutment and 
foundation pile as compared to the backfill soil. Such decrease is more prominent as the rubber content 
increases. The use of sand-rubber mixtures replacing the soft soil layer or as a backfill material not can 
only reduce the upper load acting on foundation soils and improve the stability and static performance of 
bridge abutment, but also solve the problem of waste rubber recycling and potential environmental 
pollution to meet the increasing demand of road construction materials for the rapid development of 
highway engineering, resulting in huge economic and social benefits with a wide range of engineering 
applications. [ABSTRACT FROM AUTHOR]  

  Copyright of Soil Mechanics & Foundation Engineering is the property of Springer Nature and its content 
may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's 
express written permission. However, users may print, download, or email articles for individual use. This 
abstract may be abridged. No warranty is given about the accuracy of the copy. Users should refer to the 
original published version of the material for the full abstract. (Copyright applies to all Abstracts.) 

Link: https://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=130286379&site=ehost-live 

 
21) Mechanical performance and global warming potential of unaged warm cup lump modified asphalt.  
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Authors: Abdulrahman, Suleiman1,2 (AUTHOR); Hainin, Mohd Rosli1,3 (AUTHOR) roslihainin@ump.edu.my 
Idham Mohd Satar, Mohd Khairul1 (AUTHOR); Hassan, Norhidayah Abdul1 (AUTHOR) 
Usman, Aliyu4 (AUTHOR) 

Source: Journal of Cleaner Production. May2021, Vol. 297, pN.PAG-N.PAG. 1p.  
Abstract: The use of natural rubber modified bitumen to improve pavement performance exist over a century. 

However, few documented research explore its mechanical performance in warm mix asphalt (WMA). 
This paper examined the rutting, moisture damage, tensile properties and carbon emission of cup lump 
rubber modified asphalt (CMA) in hot mix asphalt (HMA) and WMA. Aggregate coating and compactability 
tests were employed to select the production temperature of the WMA. The result shows that the warm 
cup lump modified asphalt (WCMA) has excellent rutting resistance of less than 2 mm rut depth at 8000 
load repetitions representing 21% improvement compared with the conventional HMA. The tensile 
property was improved by 62% due to cup lump rubber (CLR) modification. Moisture damage evaluation 
shows that the WCMA retained more than 95% bitumen coating and has a tensile strength ratio (TSR) 
value of 99%, thus fulfilling the AASHTO T283 minimum requirement of 80%. The asphalt mixtures 
resistance to severe condition of stripping and rutting happening simultaneously revealed that the mixes 
are more sensitive to rutting than the stripping component of the APA-moisture damage test. The 
emission test result shows that producing WCMA at 40 °C lower than CMA reduced 5 kg of CO 2 
equivalent, amounting to 23% reduction in global warming potential. The multi-attribute analysis 
combined the mechanical performance results and environmental impact to rank WCMA as the optimum 
mixture for future road construction. [Display omitted] • Warm cup lump asphalt can be the future of 
asphalt mixtures with natural rubber. • Lower asphalt production temperature inhibits the release of CO2 
to the atmosphere. • Multi-attribute analysis was used to select the optimum mixture. • Evotherm 
modification improved the tensile properties of warm rubberised mixtures. [ABSTRACT FROM AUTHOR]  

  Copyright of Journal of Cleaner Production is the property of Elsevier B.V. and its content may not be 
copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written 
permission. However, users may print, download, or email articles for individual use. This abstract may be 
abridged. No warranty is given about the accuracy of the copy. Users should refer to the original published 
version of the material for the full abstract. (Copyright applies to all Abstracts.) 
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22) Recycling and Utilization of Polymers for Road Construction Projects: An Application of the Circular 

Economy Concept.  
Authors: Anwar, Muhammad Kashif1 (AUTHOR) kashifanwar723@gmail.com 

Shah, Syyed Adnan Raheel1 (AUTHOR) Syyed.adnanraheelshah@uhasselt.be 
Alhazmi, Hatem2 (AUTHOR) halhazmi@kacst.edu.sa 

Source: Polymers (20734360). Apr2021, Vol. 13 Issue 8, p1330. 1p.  
Abstract: Numerous environmental issues arise as a result of a linear economy strategy: reserves become scarce 

and end up in landfills and as greenhouse gases. Utilizing waste as a resource or shifting towards a circular 
economy are among the effective strategies for addressing these issues. To track this shift, appropriate 
measures that concentrate on sustainable development while taking practical contexts into consideration 
are required. In this paper, we utilize plastic wastes as a replacement for bitumen for reuse aiming at a 
circular economy. The use of plastic waste materials, i.e., plastic bottles (PET) and gas pipes (PE) in asphalt 
materials as a bitumen modifier was studied through series of experimental lab test methods. Marshall 
samples were prepared using a conventional Marshall method containing five different percentages (0%, 
5%, 10%, 15%, and 20%) of plastic content by total weight of bitumen. Samples were tested after 1 and 30 
days and the result shows that the stability of plastic-modified asphalt concrete was increased after 30 
days, while still meeting standard criteria with plastic contents up to 20%. Moreover, the addition of 
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waste plastic in road construction is a very effective strategy for reusing plastic waste, which also provides 
economic and social benefits for a sustainable approach to road pavements. [ABSTRACT FROM AUTHOR]  

  Copyright of Polymers (20734360) is the property of MDPI and its content may not be copied or emailed to 
multiple sites or posted to a listserv without the copyright holder's express written permission. However, 
users may print, download, or email articles for individual use. This abstract may be abridged. No 
warranty is given about the accuracy of the copy. Users should refer to the original published version of 
the material for the full abstract. (Copyright applies to all Abstracts.) 
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23) Zhang, Junhui; Li, Cheng; Ding, Le; Li, Jian. Performance evaluation of cement stabilized recycled mixture 

with recycled concrete aggregate and crushed brick. Construction and Building Materials, Volume 296, 
Issue 0, 2021, 123596  https://trid.trb.org/view/1855558 
Abstract: This paper presents an experimental investigation on the performance of cement stabilized 
recycled mixture containing recycled concrete aggregate (RCA) and crushed brick (RCB), which are 
separated from recycled aggregate. Firstly, basic material performance tests were conducted to establish a 
comparison among natural aggregate and recycled aggregate (RA). To reveal the mechanism of cement 
stabilized mixtures in strength formation, Scanning Electron Microscope (SEM) and Energy Dispersive 
Spectrometer (EDS) tests were carried out in specimens of 3 different ages (9 d, 28 d, 90 d). Subsequently, 
unconfined compressive strength tests, splitting strength and compressive modulus tests, were undertaken 
in five contents of RA by weight (0%, 25%, 50%, 75%, 100%). In each grade of RA content, three different 
ratios of RCB/RCA (1:9, 3:7, 5:5) were considered. Afterward, the fuzzy set method was used to rank these 
schemes and evaluate the mechanical property of specimens. It can be found that the mechanical 
properties of cement-stabilized mixtures change linearly with the proportion of RA at 25% and 50%, sharply 
decreased from 50% to 75%. With the RA content increasing, the effect of RCB content on pavement 
performance gradually decreases. Finally, by taking the results of dry and temperature shrinkage testes into 
consideration, it was concluded that the amount of RA should not exceed 50%, the ratio of RCB/RCA should 
not exceed 3:7 in the road construction. In that way, it can meet the requirements of the sub-base of 
expressways and first-class highways in China when the cement dosage is setting to 4%. 

 
24) Al-Qadi, Imad L; Wu, Shenghua; Lippert, David L; Ozer, Hasan; Barry, Maxwell K; Safi, Fazal R. Impact of 

high recycled mixed on HMA overlay crack development rate. Road Materials and Pavement Design, 
Volume 18, Issue sup4, 2017, pp 311-327  https://trid.trb.org/view/1493406  
Abstract: Illinois has many years of experience using various reclaimed materials in highway construction; 
and in recent years, recycled asphalt shingles (RAS) have been adopted for use in hot-mix asphalt (HMA), 
along with much higher amounts of reclaimed asphalt pavement (RAP). These reclaimed asphalt materials 
usually contain aged asphalt binders, which may increase the mix brittleness and hence, a challenge for 
maintaining a flexible pavement and ensuring good performance. To counter these hard asphalt binders, 
softer asphalts are incorporated into the HMA. The goal is for the final mix to provide acceptable mix 
properties for the life of the pavement. To determine the impact of recycled materials on pavement 
performance, this study monitored nine field projects in terms of the testing, construction, and performance 
of surface mixes that have a variety of asphalt binder replacement levels from RAP and RAS which used 
different virgin asphalt binder grades. Simple performance tests (Hamburg wheel tracking test and the 
Illinois flexibility index test [I-FIT]) were used to evaluate the mix designs. Flexibility index (FI) from the I-FIT 
showed good correlation with field crack development, especially after first year performance of the mix. 
Early-age field performance showed that placing the HMA overlay directly over existing bare concrete 
pavement or milling off all the HMA and placing new overlay on concrete pavement results in higher extents 
of cracking in early age than the sections that left an HMA layer in place. Regardless of which mix type is 
designed and what material sources are used, the performance of mix should be evaluated to ensure it has 
sufficient flexibility to resist cracking before the mix is used in road construction. This allows owners and 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fsearch.ebscohost.com%2Flogin.aspx%3Fdirect%3Dtrue%26db%3Daph%26AN%3D150813353%26site%3Dehost-live&data=04%7C01%7Cjim.byerly%40state.mn.us%7Cd97c793ac1c2493d95f508da076b0275%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637830453434045251%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=dhtO54R9KD%2Bkw5waScnV%2B0xKvNMewH%2FG3ytK68wYTbg%3D&reserved=0
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contractors to use low-cost reclaimed and recycled materials to the extent possible without negatively 
impacting pavement performance. 

 
25) Qamhia, Issam I. A; Tutumluer, Erol; Ozer, Hasan; Shoup, Heather; Beshears, Sheila; Trepanier, James. 

Evaluation of Chemically Stabilized Quarry Byproduct Applications in Base and Subbase Layers through 
Accelerated Pavement Testing. Transportation Research Record: Journal of the Transportation Research 
Board, Volume 2673, Issue 3, 2019, pp 259-270   https://trid.trb.org/view/1576980 
Abstract: Research conducted at the Illinois Center for Transportation evaluated sustainable applications of 
quarry byproducts (QB) or QB blended with coarse recycled aggregates in chemically stabilized base and 
subbase layers in flexible pavements. In total, eight full-scale test sections, including one conventional 
flexible pavement with no QB as the control section, were constructed over a subgrade with an engineered 
strength of 6% California bearing ratio. The test sections were stabilized with either 3% Type I Portland 
cement or 10% Class C fly ash by dry weight. Fractionated reclaimed asphalt pavements and fractionated 
recycled concrete aggregates were also used as the recycled coarse aggregates. Based on laboratory tests 
conducted to determine strength properties of the chemically stabilized samples, QB and recycled 
aggregates were blended in a ratio of 70% to30% by weight, respectively. A lightweight deflectometer was 
used to evaluate the quality of the construction and the curing of the test sections. The constructed test 
sections were then evaluated for performance through accelerated pavement testing (APT) and frequent 
measurement of surface deformations. The results of APT showed quite a satisfactory rutting performance 
of all the evaluated QB applications with no observed surface cracking after 135,000 cycles. Four of the test 
sections were also instrumented with soil pressure cells to measure the wheel load deviator stress on top of 
the subgrade. The pressure measurements indicated subgrade pressures 3-5 times lower for the stabilized 
QB sections compared with that of the conventional flexible pavement control section. 

 
26) Blanco Martínez, E; Fernández Almanza, J Fernández. Efficient Management of New Technologies With 

the Use of Foamed Asphalt in Mexico. 26th World Road Congress, World Road Association (PIARC), 2019, 
14p  https://trid.trb.org/view/1743795 
Abstract: A highway is a transportation road which satisfies necessities, such as movement of people, goods 
and services in a fast and efficient way. That is why a well-developed transport, with a vast net of 
communications and a wide infrastructure, reduces the distance effect between regions, integrates the 
national market and connects markets of different countries and communities at low prices, which is an 
essential factor to guarantee the effective functioning of economy. If, to the above, the authors add cost 
reduction in pavement rehabilitation, the authors can be sure of generating an important economic impact, 
with benefits for society. With the application of new technologies which are used in first-world countries, 
the authors can be sure of being on the right track. That is why the authors believe in the implementation of 
foamed asphalt, which is used as a high quality base layer. Foamed asphalt is a physical process in which 
small amounts of water and compressed air are injected into a mass of hot asphalt (160°c to 190°C) inside a 
cavity, creating foam, increasing its original volume 15 to 20 times its size. The process of construction is 
easy. Since its application does not require complicated processes, material may be placed, compacted and 
open to traffic in less time after mixing. In addition, it can be produced in large quantities and stored near 
the point of application. One of the advantages of using this technology is that it minimizes the exploitation 
of raw material bank. With this innovation, recycled material may be used, material which had been 
previously discarded as RAP (Recycled Asphalt Pavement), which allows the authors to affect the 
environment the least possible and create important economic savings. 

 
27) Santos, F B; Faxina, A L. Study on the Incorporation of Soy-Based Oils as Rejuvenating Agents in Asphalt 

Binders of Different Performance Grades. 26th World Road Congress, World Road Association (PIARC), 
2019, 12p  https://trid.trb.org/view/1743793 
Abstract: The use of recycled materials in road construction has been receiving attention worldwide mainly 
because of its economic and environmental benefits. The cost of getting natural resources increases as their 
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availability in nature reduces. One of the solutions for this issue consists of using reclaimed asphalt 
pavement (RAP) in the production of new asphalt mixtures. The aged, hard binder present in the RAP 
represents a difficulty on how to incorporate higher percentages of this material into the mixture. An 
alternative to increase the RAP content in the recycled mixture is to add a rejuvenating agent, which is 
capable of restoring the original properties of the aged binder. The objective of this research is to 
investigate the effect of four rejuvenating agents (RA) – one conventional, petroleum-based agent and three 
soy-based oils – on aged asphalt binders. The soy-based oils are commercial products characterized by 
different molecules, and they were designated as SB1, SB2 and SB3. Two neat binders from different 
sources (PG 64-16 and PG 70-22) were aged in the rolling thin-film oven (RTFO) to simulate volatilization and 
oxidation during the production of the asphalt layer. Three proportions of the rejuvenating agents (0.0, 5.0 
and 10%) were added to the RTFO-aged binders, and the resulting rejuvenated binders had their rheological 
properties measured to obtain high PG temperature, percent recovery and nonrecoverable compliance. 
Results from the rheological properties led to different optimum contents for the four rejuvenating agents 
at the same aging condition. Such results are unexpected specifically for the three soy-based oils, but they 
can be understood as an evidence of the effect of their different chemical compositions. The least amount 
of rejuvenator to restore the rheological properties of the aged binders to the target (the rheological 
properties of the neat binders) was obtained for SB3 for both PG 64-16 and PG 70-22. The optimum 
rejuvenator content was higher for the petroleum-based rejuvenator, which indicates that lower amounts of 
the soy-based oils are capable of restoring the original binder properties. 

 
28) Mansourian, Ahmad; Hashemi, Shabnam; Aliha, Mohammad Reza Mohammad. Evaluation of Pure and 

Mixed Modes (I/III) Fracture Toughness of Portland Cement Concrete Mixtures containing Reclaimed 
Asphalt Pavement. Construction and Building Materials, Volume 178, 2018, pp 10-18 
https://trid.trb.org/view/1515409 
Abstract: The usage of waste materials in industrial application is one of the main issues around the world. 
The reclaimed asphalt pavement is one of the waste materials that due to environmental and economical 
benefits is usually used in road construction. This research study investigates the fracture toughness of 
concrete mixtures containing different percentages of reclaimed asphalt pavement (i.e. 0, 15, 30 and 45%). 
For this, a large number of cracked disc shape specimens containing different percentages of reclaimed 
asphalt pavement were loaded in pure (I and III) and mixed (I/III) modes at temperatures of -25 °C, 0 °C and 
+25 °C. The results of this research indicate that the reclaimed asphalt pavement decreases the fracture 
toughness of the concrete mixture in pure and mixed modes (I/III). Meanwhile, the results show that by 
decreasing the temperature, the fracture toughness of the concrete mixtures containing reclaimed asphalt 
pavement increases. 

 
29) Coleri, Erdem; Haddadi, Sogol Sadat; Sreedhar, Shashwath; Lewis, Sunny; Zhang, Yuqi; Wruck, Blaine. 

Binder-Grade Bumping and High Binder Content to Improve Performance of RAP-RAS Mixtures.  Oregon 
State University, Corvallis; Oregon Department of Transportation; Federal Highway Administration, 2018, 
231p  https://trid.trb.org/view/1500429 
Abstract: General reduction in pavement program funding levels over the past decade and the possible 
consequent increase in pavement road roughness within the next couple years created a need for low cost 
yet effective alternative ways to rehabilitate, preserve and maintain roadway network in Oregon. Recycling 
highway construction materials and minimizing the use of virgin materials can reduce the pavement life 
cycle costs, improve highway network condition, conserve natural resources, and protect the environment. 
Although using recycled asphalt pavements (RAP) and recycled asphalt shingles (RAS) is beneficial in many 
aspects, asphalt pavements with high RAP and RAS contents are more susceptible to cracking. Aged binder 
in RAP and RAS makes asphalt pavements more brittle and creates long-term durability problems. Using 
softer virgin binder grade (binder-grade bumping) and higher virgin binder content improve cracking 
performance of pavements with high amounts of RAP and RAS. However, careful considerations are 
required in designing asphalt pavements with high RAP and RAS. Softer virgin binder grade and higher 
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binder content make pavements more resistant to cracking, but more susceptible to permanent 
deformation. Hence, a balance of the combination of RAP and RAS content, binder content, and binder 
grade should be considered in the mix design. In this study, the performance and cost benefits of using 
binder-grade bumping and increased binder content strategies in RAP and RAS mixture production in 
Oregon are quantified. To be able to provide recommendations for asphalt mixture design procedures, 
blending of binder around RAP is also quantified by using an innovative procedure developed in this study. 
Laboratory test results were used to develop mechanistic-empirical (ME) pavement models for asphalt 
mixtures with different RAP and RAS contents. Using the predicted performance from ME models and cost 
calculations for different combinations of RAP content, binder content, and binder type, life-cycle cost 
analysis (LCCA) were conducted to determine the performance and cost benefits of using binder-grade 
bumping and high binder content in Oregon asphalt mixtures. Binder-grade bumping and high binder 
content strategies recommended in this study are expected to increase the RAP and RAS content in asphalt 
mixtures, reduce the life-cycle cost, improve the cracking performance, and encourage the widespread use 
of high RAP/RAS asphalt mixtures in Oregon. 

 
30) Popescu, Diana; Burlacu, Adrian. Considerations on the Benefits of Using Recyclable Materials for Road 

Construction. Romanian Journal of Transport Infrastructure, Volume 6, Issue 1, 2017, pp 43-53 
https://trid.trb.org/view/1514492 
Abstract: A current worldwide economy problem includes both the responsible management of the planet's 
non-renewable resources and the waste management. The benefits of using recyclable materials and 
recycling technologies with asphalt mixtures consist mainly of reducing fuel consumption and greenhouse 
gas emissions. It is well known that oil (from which bitumen is obtained) is a non-renewable resource, hence 
the price increase. Therefore, at present, the world is looking for solutions that will lead to a better use of 
natural resources and to an economic integration of sub- products from various industries. This paper 
intends to raise awareness of the possibilities for asphalt mixtures recycling and of the recyclable materials 
that can be used as additives with benefits of each. 

 
31) Ozer, Hasan; Yang, Rebekah; Al-Qadi, Imad L. Quantifying sustainable strategies for the construction of 

highway pavements in Illinois. Transportation Research Part D: Transport and Environment, Volume 51, 
2017, pp 1-13 https://trid.trb.org/view/1458415 
Abstract: The environmental and economic burdens of various pavement construction strategies are 
evaluated in this study. A partial life-cycle approach was used to determine the environmental and 
economic benefits of asphalt concrete and Portland concrete mix designs as well as pavement-related pay 
items. Approximately 920 designs were assessed to determine the upstream energy consumption and global 
warming potential (GWP) of producing these mixes. In general, it was found that transportation hauling 
distances as well as asphalt binder type and production imposed the greatest variability on the 
environmental and economic costs of the mixes. In many cases, these variabilities were seen to reduce 
some of the benefits from using increased recycled content. A similar analysis was performed for pay items 
where it was found that the contribution of environmental and economic impacts to a project followed a 
trend with upper pavement layers having the greatest impact, followed by subsequently lower layers, and 
finally earth exaction and preparation. A cost effectiveness (CE) analysis was then conducted for 18 
sustainable strategies, the majority of which had, on average, cost savings as well as environmental savings 
for both energy and GWP at the mix design level. Overall, this study systematically used common reference 
units (i.e., mix designs and pay items) from the industry to assess general trends, inconsistencies, and 
implications from using sustainable strategies in pavement construction. 

 
32) Digital Twins and Road Construction Using Secondary Raw Materials.  
Authors: Meža, Sebastjan1 (Mauko Pranjić, Alenka1 Vezočnik, Rok1 Osmokrović, Igor2 Lenart, Stanislav1  
Source: Journal of Advanced Transportation. 1/19/2021, p1-12. 12p.  
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Abstract: Secondary raw materials (SRMs) tend to be a valuable replacement for finite virgin materials especially 
since construction works (i.e., building and civil engineering work such as road construction) require vast 
quantities of raw materials. Using SRM originating from recycling a broad range of inorganic waste 
materials (e.g., mining waste, different industrial wastes, construction, and demolition waste) has been 
recognized as a promising, generally more cost-efficient, and environmentally friendly alternative to the 
exploitation of natural resources. Despite the benefits of using SRM, several challenges need to be 
addressed before using SRM even more. One of them is the long-term durability and little-known 
response of construction works built using such alternative materials. In this paper, we present the 
activities to establish a fully functioning digital twin (DT) of a road constructed using SRM. The first part of 
the paper is devoted to the theoretical justification of efforts and ways of establishing the monitoring 
systems, followed by a DT case study where an integrated data environment synthesizing a Building 
Information Model and monitored data is presented. Although the paper builds upon a small scale, the 
case study is methodologically designed to allow parallels to be drawn with much larger construction 
projects. [ABSTRACT FROM AUTHOR]  
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