
23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 1/15

Abstract

The incorporation of copper slag (CS) in asphalt pavements proves to be a good substitute in

replacing the natural aggregates. This reduces pavement construction cost and plays a key role

in protecting the environment. The CS can be used with recycled asphalt pavement (RAP)

material especially in warm mix asphalt pavements. The use of RAP not only leads to

environmental benefits but also considerably saves natural resources and decreases the

requirement to use virgin bitumen. The use of CS in pavement construction sector eliminates

the disposal as well as leaching problems associated with it. This paper focuses on the review of

studies carried out on the use of CS along with RAP in road construction. It presents and

discusses the work done on the use of CS in the pavement construction sector and the use of

RAP in providing the necessary stiffening effect to the asphalt pavements. It analyzes the

requirement and advantage of using CS with RAP in asphalt pavements in light of previous

research findings and its influence on various engineering properties in pavements. This paper

also reviews the work done to study the environmental impact of using CS in asphalt mixes.

Résumé

L’incorporation de laitier de cuivre (LC) dans les revêtements d’asphalte s’avère un bon moyen

de substitution pour remplacer les granulats naturels. Cela réduit les coûts de construction de la

chaussée et joue un rôle clé dans la protection de l’environnement. Le LC peut être utilisé avec

des revêtements d’asphalte recyclé (RAR), en particulier dans les revêtements d’asphalte

mélangé à chaud. L’utilisation de RAR permet non seulement d’obtenir des avantages au niveau

de l’environnement, mais aussi de préserver de façon considérable les ressources naturelles et

de réduire l’utilisation du bitume vierge. L’utilisation de LC dans le secteur de la construction

des chaussées élimine les problèmes d’élimination et de lixiviation associés au LC. Le présent

       



23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 2/15

Get full access to this article

View all available purchase options and get full access to this article.

 GET ACCESS

References

Al-Jabri K.S., Taha R.A., Al-Hashmi A., and Al-Harthy A.S. 2006. Effect of copper slag and cement by-

pass dust addition on mechanical properties of concrete. Construction and Building Materials, 20(5):

322–331.

Crossref | ISI | Google Scholar

Al-Qadi, I.L., Carpenter, S.H., Pine, W.J., and Trepanier, J. 2012. Impact of high RAP content on

structural and performance properties of asphalt mixtures. Report No. FHWA-ICT-12-002; Paper No.

UILU-ENG-2012-2006.

Google Scholar

Al-Qadi, I.L., Elseifi, M., and Carpenter, S.H. 2014. Reclaimed asphalt pavement – a literature review.

document est axé sur l’examen des études réalisées au sujet de l’utilisation du LC avec le RAR

dans la construction routière. On y présente et traite du travail effectué sur l’utilisation du LC

dans le secteur de la construction des chaussées et de l’utilisation de RAR afin de procurer l’effet

de raidissement nécessaire aux chaussées d’asphalte. Le document analyse les exigences et les

avantages de l’utilisation de LC avec le RAR dans les chaussées asphaltées à la lumière des

résultats de recherches antérieures et de ses effets sur diverses propriétés techniques des

chaussées. Ce document passe également en revue le travail effectué pour étudier l’impact

environnemental de l’utilisation de LC dans les mélanges d’asphalte. [Colour online.]

https://doi.org/10.1016/j.conbuildmat.2005.01.020
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000236311900005
https://scholar.google.com/scholar_lookup?title=Effect+of+copper+slag+and+cement+by-pass+dust+addition+on+mechanical+properties+of+concrete&author=K.S.+Al-Jabri&author=R.A.+Taha&author=A.+Al-Hashmi&author=A.S.+Al-Harthy&publication_year=2006&journal=Construction+and+Building+Materials&pages=322-331&doi=10.1016%2Fj.conbuildmat.2005.01.020
https://scholar.google.com/scholar?q=Al-Qadi%2C+I.L.%2C+Carpenter%2C+S.H.%2C+Pine%2C+W.J.%2C+and+Trepanier%2C+J.+2012.+Impact+of+high+RAP+content+on+structural+and+performance+properties+of+asphalt+mixtures.+Report+No.+FHWA-ICT-12-002%3B+Paper+No.+UILU-ENG-2012-2006.


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 3/15

Google Scholar

Alter H. 2005. The composition and environmental hazard of copper slags in the context of the Basel

Convention. Resources, Conservation and Recycling, 43: 353–360.

Crossref | ISI | Google Scholar

Alvarez, C., Bonneau, D., Dupriet, S., Le Noan, C., and Olard, F. 2008. Very high recycling rate (>50%) in

hot mix and warm mix asphalts for sustainable road construction. In Proceedings of the 4th

Eurasphalt and Eurobitume Congress, Copenhagen, Denmark, May 2008.

Google Scholar

Ameri M., Hesami S., and Goli H. 2013. Laboratory evaluation of warm mix asphalt mixtures containing

electric arc furnace (EAF) steel slag. Construction and Building Materials, 49: 611–617.

Crossref | ISI | Google Scholar

Arabani M. and Azarhoosh A.R. 2012. The effect of recycled concrete aggregate and steel slag on the

dynamic properties of asphalt mixtures. Construction and Building Materials, 35: 1–7.

Crossref | ISI | Google Scholar

Ayman, W.A. 2010. Laboratory evaluation of warm mix asphalt prepared using foamed asphalt

binders. University of Akron.

Google Scholar

Boriack P., Katicha S.W., and Flintsch G.W. 2014. Laboratory study on effects of high reclaimed asphalt

pavement and binder content. Transportation Research Record: Journal of the Transportation

Research Board, 2445(1): 64–74.

Crossref | Google Scholar

Button, J.W., Estakhri, C., and Wimsatt, A. 2007. A synthesis of warm-mix asphalt. Texas Department

of Transportation. Available from http://tti.tamu.edu/documents/0-5597-1.pdf.

Google Scholar

Celauro C., Bernardo C., and Gabriele B. 2010. Production of innovative, recycled and high-

performance asphalt for road pavements. Resources, Conservation and Recycling, 54(6): 337–347.

Crossref | ISI | Google Scholar

https://scholar.google.com/scholar?q=Al-Qadi%2C+I.L.%2C+Elseifi%2C+M.%2C+and+Carpenter%2C+S.H.+2014.+Reclaimed+asphalt+pavement+%E2%80%93+a+literature+review.
https://doi.org/10.1016/j.resconrec.2004.05.005
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000227252800002
https://scholar.google.com/scholar_lookup?title=The+composition+and+environmental+hazard+of+copper+slags+in+the+context+of+the+Basel+Convention&author=H.+Alter&publication_year=2005&journal=Resources%2C+Conservation+and+Recycling&pages=353-360&doi=10.1016%2Fj.resconrec.2004.05.005
https://scholar.google.com/scholar?q=Alvarez%2C+C.%2C+Bonneau%2C+D.%2C+Dupriet%2C+S.%2C+Le+Noan%2C+C.%2C+and+Olard%2C+F.+2008.+Very+high+recycling+rate+%28%3E50%25%29+in+hot+mix+and+warm+mix+asphalts+for+sustainable+road+construction.+In+Proceedings+of+the+4th+Eurasphalt+and+Eurobitume+Congress%2C+Copenhagen%2C+Denmark%2C+May+2008.
https://doi.org/10.1016/j.conbuildmat.2013.08.034
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000329080900070
https://scholar.google.com/scholar_lookup?title=Laboratory+evaluation+of+warm+mix+asphalt+mixtures+containing+electric+arc+furnace+%28EAF%29+steel+slag&author=M.+Ameri&author=S.+Hesami&author=H.+Goli&publication_year=2013&journal=Construction+and+Building+Materials&pages=611-617&doi=10.1016%2Fj.conbuildmat.2013.08.034
https://doi.org/10.1016/j.conbuildmat.2012.02.036
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000309493700001
https://scholar.google.com/scholar_lookup?title=The+effect+of+recycled+concrete+aggregate+and+steel+slag+on+the+dynamic+properties+of+asphalt+mixtures&author=M.+Arabani&author=A.R.+Azarhoosh&publication_year=2012&journal=Construction+and+Building+Materials&pages=1-7&doi=10.1016%2Fj.conbuildmat.2012.02.036
https://scholar.google.com/scholar?q=Ayman%2C+W.A.+2010.+Laboratory+evaluation+of+warm+mix+asphalt+prepared+using+foamed+asphalt+binders.+University+of+Akron.
https://doi.org/10.3141/2445-08
https://scholar.google.com/scholar_lookup?title=Laboratory+study+on+effects+of+high+reclaimed+asphalt+pavement+and+binder+content&author=P.+Boriack&author=S.W.+Katicha&author=G.W.+Flintsch&publication_year=2014&journal=Transportation+Research+Record%3A+Journal+of+the+Transportation+Research+Board&pages=64-74&doi=10.3141%2F2445-08
http://tti.tamu.edu/documents/0-5597-1.pdf
https://scholar.google.com/scholar?q=Button%2C+J.W.%2C+Estakhri%2C+C.%2C+and+Wimsatt%2C+A.+2007.+A+synthesis+of+warm-mix+asphalt.+Texas+Department+of+Transportation.+Available+from+http%3A%2F%2Ftti.tamu.edu%2Fdocuments%2F0-5597-1.pdf.
https://doi.org/10.1016/j.resconrec.2009.08.009
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000275780600001
https://scholar.google.com/scholar_lookup?title=Production+of+innovative%2C+recycled+and+high-performance+asphalt+for+road+pavements&author=C.+Celauro&author=C.+Bernardo&author=B.+Gabriele&publication_year=2010&journal=Resources%2C+Conservation+and+Recycling&pages=337-347&doi=10.1016%2Fj.resconrec.2009.08.009


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 4/15

Chang C.-J., Tseng L., Lin T.-S., Wang W.-J., and Lee T.-C. 2012. Recycling of modified MSWI ash-mix

slag and CMP sludge as a cement substitute and its optimal composition. Indian Journal of

Engineering and Materials Sciences, 19(1): 31–40.

ISI | Google Scholar

Chiu C.-T., Hsu T.-H., and Yang W.-F. 2008. Life cycle assessment on using recycled materials for

rehabilitating asphalt pavements. Resources, Conservation and Recycling, 52(3): 545–556.

Crossref | ISI | Google Scholar

Christensen D.W. 1998. Analysis of creep data from indirect tension test on asphalt concrete. Journal

of the Association of Asphalt Paving Technologists, 67: 458–492.

Google Scholar

Cooley, D.A. 2005. Effects of reclaimed asphalt pavement on mechanical properties of base materials.

Google Scholar

Cristian, A., Ramos, R., and Quesada, D.M. 2017. Evaluation of marshall stiffness, indirect tensile stress

and resilient modulus in asphalt mixes with reclaimed asphalt pavement and copper slag. Revista

Ingeniería de Construcción, 32(1).

Google Scholar

D’Angelo, J., Harm, E., Bartoszek, J., Baumgardner, G., Corrigan, M., Cowsert, J. et al. 2008. Warm-mix

asphalt: European practice. US Department Transportation.

Google Scholar

Dawson A.R., Dehdezi P.K., Wang J., and Isola R. 2012. Enhancing thermal properties of asphalt

materials for heat storage and transfer applications. Road Materials and Pavement Design, 13(4): 784–

803.

Crossref | ISI | Google Scholar

Dinis-Almeida M., Castro-gomes J., Sangiorgi C., Zoorob S.E., and Lopes M. 2016. Performance of warm

mix recycled asphalt containing up to 100% RAP. Construction and Building Materials, 112: 1–6.

Crossref | ISI | Google Scholar

Edil, T.B., and Benson, C.H. 2007. Demonstration of ash utilization in low volume roads.

Google Scholar

https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000304502700004
https://scholar.google.com/scholar_lookup?title=Recycling+of+modified+MSWI+ash-mix+slag+and+CMP+sludge+as+a+cement+substitute+and+its+optimal+composition&author=C.-J.+Chang&author=L.+Tseng&author=T.-S.+Lin&author=W.-J.+Wang&author=T.-C.+Lee&publication_year=2012&journal=Indian+Journal+of+Engineering+and+Materials+Sciences&pages=31-40
https://doi.org/10.1016/j.resconrec.2007.07.001
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000253134500007
https://scholar.google.com/scholar_lookup?title=Life+cycle+assessment+on+using+recycled+materials+for+rehabilitating+asphalt+pavements&author=C.-T.+Chiu&author=T.-H.+Hsu&author=W.-F.+Yang&publication_year=2008&journal=Resources%2C+Conservation+and+Recycling&pages=545-556&doi=10.1016%2Fj.resconrec.2007.07.001
https://scholar.google.com/scholar_lookup?title=Analysis+of+creep+data+from+indirect+tension+test+on+asphalt+concrete&author=D.W.+Christensen&publication_year=1998&journal=Journal+of+the+Association+of+Asphalt+Paving+Technologists&pages=458-492
https://scholar.google.com/scholar?q=Cooley%2C+D.A.+2005.+Effects+of+reclaimed+asphalt+pavement+on+mechanical+properties+of+base+materials.
https://scholar.google.com/scholar?q=Cristian%2C+A.%2C+Ramos%2C+R.%2C+and+Quesada%2C+D.M.+2017.+Evaluation+of+marshall+stiffness%2C+indirect+tensile+stress+and+resilient+modulus+in+asphalt+mixes+with+reclaimed+asphalt+pavement+and+copper+slag.+Revista+Ingenier%C3%ADa+de+Construcci%C3%B3n%2C+32%281%29.
https://scholar.google.com/scholar?q=D%E2%80%99Angelo%2C+J.%2C+Harm%2C+E.%2C+Bartoszek%2C+J.%2C+Baumgardner%2C+G.%2C+Corrigan%2C+M.%2C+Cowsert%2C+J.+et+al.+2008.+Warm-mix+asphalt%3A+European+practice.+US+Department+Transportation.
https://doi.org/10.1080/14680629.2012.735791
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000312452900013
https://scholar.google.com/scholar_lookup?title=Enhancing+thermal+properties+of+asphalt+materials+for+heat+storage+and+transfer+applications&author=A.R.+Dawson&author=P.K.+Dehdezi&author=J.+Wang&author=R.+Isola&publication_year=2012&journal=Road+Materials+and+Pavement+Design&pages=784-803&doi=10.1080%2F14680629.2012.735791
https://doi.org/10.1016/j.conbuildmat.2016.02.108
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000375166900001
https://scholar.google.com/scholar_lookup?title=Performance+of+warm+mix+recycled+asphalt+containing+up+to+100%25+RAP&author=M.+Dinis-Almeida&author=J.+Castro-gomes&author=C.+Sangiorgi&author=S.E.+Zoorob&author=M.+Lopes&publication_year=2016&journal=Construction+and+Building+Materials&pages=1-6&doi=10.1016%2Fj.conbuildmat.2016.02.108
https://scholar.google.com/scholar?q=Edil%2C+T.B.%2C+and+Benson%2C+C.H.+2007.+Demonstration+of+ash+utilization+in+low+volume+roads.


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 5/15

Emery, J. 1982. Slag utilization in pavement construction. In Extending Aggregate Resources. Edited

by W. Hotaling. ASTM International, West Conshohocken, PA. pp. 95–118.

Crossref | Google Scholar

Epps, J.A., Little, D.N., Holmgreen, R.J., and Terrel, R.L. 1980. Guidelines for recycling pavement

materials. Available from http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_224.pdf.

Google Scholar

Farooq M.A. and Mir M.S. 2017. Use of reclaimed asphalt pavement (RAP) in warm mix asphalt (WMA)

pavements: a review. Innovative Infrastructure Solutions, 2(1): 10.

Crossref | ISI | Google Scholar

Farooq M.A., Mir M.S., and Sharma A. 2018. Laboratory study on use of RAP in WMA pavements using

rejuvenator. Construction and Building Materials, 168: 61–72.

Crossref | ISI | Google Scholar

Feih S., Boiocchi E., Mathys G., Mathys Z., Gibson A.G., and Mouritz A.P. 2011. Mechanical properties of

thermally-treated and recycled glass fibres. Composites Part B: Engineering, 42(3): 350–358.

Crossref | ISI | Google Scholar

Gandhi, T.S., and Amir khanian, S.N. 2007. Laboratory investigation of warm asphalt binder properties

- a preliminary analysis. In 5th International Conference on Maintenance and Rehabilitation of

Pavements and Technological Control (MAIREPAV5).

Google Scholar

Gorai B.Jana R.K. and Premchand. 2003. Characteristics and utilisation of copper slag - a review.

Resources, Conservation and Recycling, 39(4): 299–313.

Crossref | ISI | Google Scholar

Hamzah M.O., Jamshidi A., Kanitpong K., and Aman M.Y. 2012. Parameters to characterise the effects

of Sasobit® content on the rheological properties of unaged and aged asphalt binders. Road

Materials and Pavement Design, 13(2): 368–375.

Crossref | ISI | Google Scholar

https://doi.org/10.1520/STP32459S
https://scholar.google.com/scholar_lookup?doi=10.1520%2FSTP32459S
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_224.pdf
https://scholar.google.com/scholar?q=Epps%2C+J.A.%2C+Little%2C+D.N.%2C+Holmgreen%2C+R.J.%2C+and+Terrel%2C+R.L.+1980.+Guidelines+for+recycling+pavement+materials.+Available+from+http%3A%2F%2Fonlinepubs.trb.org%2FOnlinepubs%2Fnchrp%2Fnchrp_rpt_224.pdf.
https://doi.org/10.1007/s41062-017-0058-7
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000409249800010
https://scholar.google.com/scholar_lookup?title=Use+of+reclaimed+asphalt+pavement+%28RAP%29+in+warm+mix+asphalt+%28WMA%29+pavements%3A+a+review&author=M.A.+Farooq&author=M.S.+Mir&publication_year=2017&journal=Innovative+Infrastructure+Solutions&pages=10&doi=10.1007%2Fs41062-017-0058-7
https://doi.org/10.1016/j.conbuildmat.2018.02.079
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000430756900007
https://scholar.google.com/scholar_lookup?title=Laboratory+study+on+use+of+RAP+in+WMA+pavements+using+rejuvenator&author=M.A.+Farooq&author=M.S.+Mir&author=A.+Sharma&publication_year=2018&journal=Construction+and+Building+Materials&pages=61-72&doi=10.1016%2Fj.conbuildmat.2018.02.079
https://doi.org/10.1016/j.compositesb.2010.12.020
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000287901100002
https://scholar.google.com/scholar_lookup?title=Mechanical+properties+of+thermally-treated+and+recycled+glass+fibres&author=S.+Feih&author=E.+Boiocchi&author=G.+Mathys&author=Z.+Mathys&author=A.G.+Gibson&author=A.P.+Mouritz&publication_year=2011&journal=Composites+Part+B%3A+Engineering&pages=350-358&doi=10.1016%2Fj.compositesb.2010.12.020
https://scholar.google.com/scholar?q=Gandhi%2C+T.S.%2C+and+Amir+khanian%2C+S.N.+2007.+Laboratory+investigation+of+warm+asphalt+binder+properties+-+a+preliminary+analysis.+In+5th+International+Conference+on+Maintenance+and+Rehabilitation+of+Pavements+and+Technological+Control+%28MAIREPAV5%29.
https://doi.org/10.1016/S0921-3449(02)00171-4
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000186207300001
https://scholar.google.com/scholar_lookup?title=Characteristics+and+utilisation+of+copper+slag+-+a+review&author=B.+Gorai&author=R.K.+Jana&author=Premchand.&publication_year=2003&journal=Resources%2C+Conservation+and+Recycling&pages=299-313&doi=10.1016%2FS0921-3449%2802%2900171-4
https://doi.org/10.1080/14680629.2012.668836
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000305761500012
https://scholar.google.com/scholar_lookup?title=Parameters+to+characterise+the+effects+of+Sasobit%C2%AE+content+on+the+rheological+properties+of+unaged+and+aged+asphalt+binders&author=M.O.+Hamzah&author=A.+Jamshidi&author=K.+Kanitpong&author=M.Y.+Aman&publication_year=2012&journal=Road+Materials+and+Pavement+Design&pages=368-375&doi=10.1080%2F14680629.2012.668836


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 6/15

Harish, M., Sundaramoorthy, S., Kumar, D., and Vaijapurkar, G. 2011. Cu 2 + uptake by chlorococcum

hemicolum - a xeric chlorophycean alga. Nature Precedings.

Crossref | Google Scholar

Hassan H.F. and Al-jabri K. 2011. Laboratory evaluation of hot-mix asphalt concrete containing copper

slag aggregate. Journal of Materials in Civil Engineering, 23(6): 879–885.

Crossref | ISI | Google Scholar

Havanagi V., Mathur S., Prasad P., and Kamaraj C. 2007. Feasibility of copper slag-fly ash-soil mix as a

road construction material. Transportation Research Record, 1989(1): 13–20.

Crossref | Google Scholar

Havanagi V.G., Sinha A.K., and Ranjan A. 2016. Fine copper slag as an alternative marginal material for

road construction. Indian Highways, 44: 25–33.

Google Scholar

Hefer, A.W., Little, D.N., and Lytton, R.L. 2005. A synthesis of theories and mechanisms of bitumen-

aggregate adhesion including recent advances in quantifying the effects of water. In Proceedings of

Association of Asphalt Paving Technologists, Long Beach, California. Vol. 74, pp. 139–196.

Google Scholar

Hesami S., Roshani H., Hamedi G.H., and Azarhoosh A. 2013. Evaluate the mechanism of the effect of

hydrated lime on moisture damage of warm mix asphalt. Construction and Building Materials, 47:

935–941.

Crossref | ISI | Google Scholar

Hicks, R.G. 1991. Moisture damage in asphalt concrete. Transportation Research Board.

Google Scholar

Hurley, G.C., and Prowell, B.D. 2005a. Evaluation of sasobit® for use in warm mix asphalt. Auburn,

Alabama Brian.

Google Scholar

Hurley, G.C., and Prowell, B.D. 2005b. Evaluation of aspha-min ® zeolite for use in warm mix asphalt.

Auburn, Alabama Brian.

Google Scholar

https://doi.org/10.1038/npre.2011.5657.1
https://scholar.google.com/scholar_lookup?doi=10.1038%2Fnpre.2011.5657.1
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000246
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000291633500023
https://scholar.google.com/scholar_lookup?title=Laboratory+evaluation+of+hot-mix+asphalt+concrete+containing+copper+slag+aggregate&author=H.F.+Hassan&author=K.+Al-jabri&publication_year=2011&journal=Journal+of+Materials+in+Civil+Engineering&pages=879-885&doi=10.1061%2F%28ASCE%29MT.1943-5533.0000246
https://doi.org/10.3141/1989-43
https://scholar.google.com/scholar_lookup?title=Feasibility+of+copper+slag-fly+ash-soil+mix+as+a+road+construction+material&author=V.+Havanagi&author=S.+Mathur&author=P.+Prasad&author=C.+Kamaraj&publication_year=2007&journal=Transportation+Research+Record&pages=13-20&doi=10.3141%2F1989-43
https://scholar.google.com/scholar_lookup?title=Fine+copper+slag+as+an+alternative+marginal+material+for+road+construction&author=V.G.+Havanagi&author=A.K.+Sinha&author=A.+Ranjan&publication_year=2016&journal=Indian+Highways&pages=25-33
https://scholar.google.com/scholar?q=Hefer%2C+A.W.%2C+Little%2C+D.N.%2C+and+Lytton%2C+R.L.+2005.+A+synthesis+of+theories+and+mechanisms+of+bitumen-aggregate+adhesion+including+recent+advances+in+quantifying+the+effects+of+water.+In+Proceedings+of+Association+of+Asphalt+Paving+Technologists%2C+Long+Beach%2C+California.+Vol.+74%2C+pp.+139%E2%80%93196.
https://doi.org/10.1016/j.conbuildmat.2013.05.079
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000325232600103
https://scholar.google.com/scholar_lookup?title=Evaluate+the+mechanism+of+the+effect+of+hydrated+lime+on+moisture+damage+of+warm+mix+asphalt&author=S.+Hesami&author=H.+Roshani&author=G.H.+Hamedi&author=A.+Azarhoosh&publication_year=2013&journal=Construction+and+Building+Materials&pages=935-941&doi=10.1016%2Fj.conbuildmat.2013.05.079
https://scholar.google.com/scholar?q=Hicks%2C+R.G.+1991.+Moisture+damage+in+asphalt+concrete.+Transportation+Research+Board.
https://scholar.google.com/scholar?q=Hurley%2C+G.C.%2C+and+Prowell%2C+B.D.+2005a.+Evaluation+of+sasobit%C2%AE+for+use+in+warm+mix+asphalt.+Auburn%2C+Alabama+Brian.
https://scholar.google.com/scholar?q=Hurley%2C+G.C.%2C+and+Prowell%2C+B.D.+2005b.+Evaluation+of+aspha-min+%C2%AE+zeolite+for+use+in+warm+mix+asphalt.+Auburn%2C+Alabama+Brian.


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 7/15

Hurley, G.C., and Prowell, B.D. 2006. Evaluation of evotherm® for use in warm mix asphalt. Auburn,

Alabama Brian.

Google Scholar

Hwang, C.-L., and Laiw, J.-C. 1989. Properties of concrete using copper slag as a substitute for fine

aggregate. 114(Special Publication): 1677–1696.

Google Scholar

Imaninasab R. 2017. Effect of granular polymers on rutting performance of SMA with respect to

modification process. Construction and Building Materials, 130: 64–72.

Crossref | ISI | Google Scholar

Islam, R., Mannan, U.A., Rahman, A.S.M.A., and Tarefder, R.A. 2018. Effects of reclaimed asphalt

pavement on hot-mix asphalt. 3(1).

Crossref | Google Scholar

Kandhal, P.S., and Mallick, R.B. 1997. Pavement recycling guidelines for state and local governments.

Google Scholar

Karlheinz, S., and John, T. 2008. Mining and the environment: from ore to metal. CRC Press.

Google Scholar

Kennedy, T.W., McGennis, R.B., and Holmgreen, R.J. 1987. Asphalt mixture segregation: diagonistics

and remedies. In Proceeding of Association of Asphalt Paving Technologists.

Google Scholar

Khanzadi M. and Behnood A. 2009. Mechanical properties of high-strength concrete incorporating

copper slag as coarse aggregate. Construction and Building Materials, 23(6): 2183–2188.

Crossref | ISI | Google Scholar

Kumar B. 2013. Properties of pavement quality concrete and dry lean concrete with copper slag as

fine aggregate. International Journal of Pavement Engineering, 14(8): 746–751.

Crossref | ISI | Google Scholar

https://scholar.google.com/scholar?q=Hurley%2C+G.C.%2C+and+Prowell%2C+B.D.+2006.+Evaluation+of+evotherm%C2%AE+for+use+in+warm+mix+asphalt.+Auburn%2C+Alabama+Brian.
https://scholar.google.com/scholar?q=Hwang%2C+C.-L.%2C+and+Laiw%2C+J.-C.+1989.+Properties+of+concrete+using+copper+slag+as+a+substitute+for+fine+aggregate.+114%28Special+Publication%29%3A+1677%E2%80%931696.
https://doi.org/10.1016/j.conbuildmat.2016.11.025
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000389164900007
https://scholar.google.com/scholar_lookup?title=Effect+of+granular+polymers+on+rutting+performance+of+SMA+with+respect+to+modification+process&author=R.+Imaninasab&publication_year=2017&journal=Construction+and+Building+Materials&pages=64-72&doi=10.1016%2Fj.conbuildmat.2016.11.025
https://doi.org/10.1520/ACEM20140002
https://scholar.google.com/scholar_lookup?doi=10.1520%2FACEM20140002
https://scholar.google.com/scholar?q=Kandhal%2C+P.S.%2C+and+Mallick%2C+R.B.+1997.+Pavement+recycling+guidelines+for+state+and+local+governments.
https://scholar.google.com/scholar?q=Karlheinz%2C+S.%2C+and+John%2C+T.+2008.+Mining+and+the+environment%3A+from+ore+to+metal.+CRC+Press.
https://scholar.google.com/scholar?q=Kennedy%2C+T.W.%2C+McGennis%2C+R.B.%2C+and+Holmgreen%2C+R.J.+1987.+Asphalt+mixture+segregation%3A+diagonistics+and+remedies.+In+Proceeding+of+Association+of+Asphalt+Paving+Technologists.
https://doi.org/10.1016/j.conbuildmat.2008.12.005
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000266054500009
https://scholar.google.com/scholar_lookup?title=Mechanical+properties+of+high-strength+concrete+incorporating+copper+slag+as+coarse+aggregate&author=M.+Khanzadi&author=A.+Behnood&publication_year=2009&journal=Construction+and+Building+Materials&pages=2183-2188&doi=10.1016%2Fj.conbuildmat.2008.12.005
https://doi.org/10.1080/10298436.2012.729059
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000324087700006
https://scholar.google.com/scholar_lookup?title=Properties+of+pavement+quality+concrete+and+dry+lean+concrete+with+copper+slag+as+fine+aggregate&author=B.+Kumar&publication_year=2013&journal=International+Journal+of+Pavement+Engineering&pages=746-751&doi=10.1080%2F10298436.2012.729059


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 8/15

Kummer, K. 2001. Basel convention on the control of transboundary movements of hazardous wastes

and their disposal study on annex VII, part II.

Google Scholar

Lavin, P. 2003. Asphalt pavements: a practical guide to design, production and maintenance for

engineers and architects.

Google Scholar

Legret M., Odie L., Demare D., and Jullien A. 2005. Leaching of heavy metals and polycyclic aromatic

hydrocarbons from reclaimed asphalt pavement. Water Research, 39(15): 3675–3685.

Crossref | PubMed | ISI | Google Scholar

Legret, M., Chaurand, P., Benard, A., Capowiez, Y., Deneele, D., Lassabatere, L. et al. 2014.

Environmental assessment of a BOF steel slag used in road construction.

Google Scholar

Lidelöw, S. 2008. Environmental assessment of construction with recycled materials. Doctoral thesis,

Department of Civil, Mining and Environmental Engineering, Luleå University of Technology.

Google Scholar

Mallick R.B., Bradley J.E., and Bradbury R.L. 2007. Evaluation of heated reclaimed asphalt pavement

material and wax-modified asphalt for use in recycled hot-mix asphalt. Transportation Research

Record, 1998(1): 112–122.

Crossref | Google Scholar

Mallick R.B., Kandhal P.S., and Bradbury R.L. 2008. Using warm-mix asphalt technology to incorporate

high percentage of reclaimed asphalt pavement material in asphalt mixtures. Transportation

Research Record: Journal of the Transportation Research Board, 2051(1): 71–79.

Crossref | Google Scholar

Mcdaniel, R., and Anderson, R.M. 2001. Recommended use of reclaimed asphalt pavement in the

superpave mix design method: technician’s manual.

Google Scholar

Mcdaniel R.S., Shah A., Huber G.A., and Copeland A. 2012. Effects of reclaimed asphalt pavement

content and virgin binder grade on properties of plant produced mixtures. Road Materials and

https://scholar.google.com/scholar?q=Kummer%2C+K.+2001.+Basel+convention+on+the+control+of+transboundary+movements+of+hazardous+wastes+and+their+disposal+study+on+annex+VII%2C+part+II.
https://scholar.google.com/scholar?q=Lavin%2C+P.+2003.+Asphalt+pavements%3A+a+practical+guide+to+design%2C+production+and+maintenance+for+engineers+and+architects.
https://doi.org/10.1016/j.watres.2005.06.017
https://www.ncbi.nlm.nih.gov/pubmed/16083938
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000232417800026
https://scholar.google.com/scholar_lookup?title=Leaching+of+heavy+metals+and+polycyclic+aromatic+hydrocarbons+from+reclaimed+asphalt+pavement&author=M.+Legret&author=L.+Odie&author=D.+Demare&author=A.+Jullien&publication_year=2005&journal=Water+Research&pages=3675-3685&doi=10.1016%2Fj.watres.2005.06.017&pmid=16083938
https://scholar.google.com/scholar?q=Legret%2C+M.%2C+Chaurand%2C+P.%2C+Benard%2C+A.%2C+Capowiez%2C+Y.%2C+Deneele%2C+D.%2C+Lassabatere%2C+L.+et+al.+2014.+Environmental+assessment+of+a+BOF+steel+slag+used+in+road+construction.
https://scholar.google.com/scholar?q=Lidel%C3%B6w%2C+S.+2008.+Environmental+assessment+of+construction+with+recycled+materials.+Doctoral+thesis%2C+Department+of+Civil%2C+Mining+and+Environmental+Engineering%2C+Lule%C3%A5+University+of+Technology.
https://doi.org/10.3141/1998-14
https://scholar.google.com/scholar_lookup?title=Evaluation+of+heated+reclaimed+asphalt+pavement+material+and+wax-modified+asphalt+for+use+in+recycled+hot-mix+asphalt&author=R.B.+Mallick&author=J.E.+Bradley&author=R.L.+Bradbury&publication_year=2007&journal=Transportation+Research+Record&pages=112-122&doi=10.3141%2F1998-14
https://doi.org/10.3141/2051-09
https://scholar.google.com/scholar_lookup?title=Using+warm-mix+asphalt+technology+to+incorporate+high+percentage+of+reclaimed+asphalt+pavement+material+in+asphalt+mixtures&author=R.B.+Mallick&author=P.S.+Kandhal&author=R.L.+Bradbury&publication_year=2008&journal=Transportation+Research+Record%3A+Journal+of+the+Transportation+Research+Board&pages=71-79&doi=10.3141%2F2051-09
https://scholar.google.com/scholar?q=Mcdaniel%2C+R.%2C+and+Anderson%2C+R.M.+2001.+Recommended+use+of+reclaimed+asphalt+pavement+in+the+superpave+mix+design+method%3A+technician%E2%80%99s+manual.


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 9/15

Pavement Design, 13(S1): 161–182.

Crossref | Google Scholar

Miliutenko S., Björklund A., and Carlsson A. 2013. Opportunities for environmentally improved asphalt

recycling: the example of Sweden. Journal of Cleaner Production, 43: 156–165.

Crossref | ISI | Google Scholar

Mills-Beale J. and You Z. 2010. The mechanical properties of asphalt mixtures with recycled concrete

aggregates. Construction and Building Materials, 24(3): 230–235.

Crossref | ISI | Google Scholar

Mirhosseini S.R., Fadaee M., Tabatabaei R., and Fadaee M.J. 2017. Mechanical properties of concrete

with Sarcheshmeh mineral complex copper slag as a part of cementitious materials. Construction

and Building Materials, 134: 44–49.

Crossref | ISI | Google Scholar

Miró R., Valdés G., Martínez A., Segura P., and Rodríguez C. 2011. Evaluation of high modulus mixture

behaviour with high reclaimed asphalt pavement (RAP) percentages for sustainable road

construction. Construction and Building Materials, 25(10): 3854–3862.

Crossref | ISI | Google Scholar

Mirzababaei P. 2016. Effect of zycotherm on moisture susceptibility of warm mix asphalt mixtures

prepared with different aggregate types and gradations. Construction and Building Materials, 116:

403–412.

Crossref | ISI | Google Scholar

Mittal, A., Bose, S., and Nagabhushaha, M.N. 2010. Recycling of pavements-an approach suitable for

sustainable development. In Nirman Surbhi, Rashtriya Sangoshti 2010, Nirman Samagriya Vision

2030. Central Road Research Institute, New Delhi.

Google Scholar

Modarres A. and Hosseini Z. 2014. Mechanical properties of roller compacted concrete containing rice

husk ash with original and recycled asphalt pavement material. Materials & Design, 64: 227–236.

Crossref | ISI | Google Scholar

https://doi.org/10.1080/14680629.2012.657066
https://scholar.google.com/scholar_lookup?title=Effects+of+reclaimed+asphalt+pavement+content+and+virgin+binder+grade+on+properties+of+plant+produced+mixtures&author=R.S.+Mcdaniel&author=A.+Shah&author=G.A.+Huber&author=A.+Copeland&publication_year=2012&journal=Road+Materials+and+Pavement+Design&pages=161-182&doi=10.1080%2F14680629.2012.657066
https://doi.org/10.1016/j.jclepro.2012.12.040
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000317547100017
https://scholar.google.com/scholar_lookup?title=Opportunities+for+environmentally+improved+asphalt+recycling%3A+the+example+of+Sweden&author=S.+Miliutenko&author=A.+Bj%C3%B6rklund&author=A.+Carlsson&publication_year=2013&journal=Journal+of+Cleaner+Production&pages=156-165&doi=10.1016%2Fj.jclepro.2012.12.040
https://doi.org/10.1016/j.conbuildmat.2009.08.046
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000274870300002
https://scholar.google.com/scholar_lookup?title=The+mechanical+properties+of+asphalt+mixtures+with+recycled+concrete+aggregates&author=J.+Mills-Beale&author=Z.+You&publication_year=2010&journal=Construction+and+Building+Materials&pages=230-235&doi=10.1016%2Fj.conbuildmat.2009.08.046
https://doi.org/10.1016/j.conbuildmat.2016.12.024
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000393726700006
https://scholar.google.com/scholar_lookup?title=Mechanical+properties+of+concrete+with+Sarcheshmeh+mineral+complex+copper+slag+as+a+part+of+cementitious+materials&author=S.R.+Mirhosseini&author=M.+Fadaee&author=R.+Tabatabaei&author=M.J.+Fadaee&publication_year=2017&journal=Construction+and+Building+Materials&pages=44-49&doi=10.1016%2Fj.conbuildmat.2016.12.024
https://doi.org/10.1016/j.conbuildmat.2011.04.006
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000292664700008
https://scholar.google.com/scholar_lookup?title=Evaluation+of+high+modulus+mixture+behaviour+with+high+reclaimed+asphalt+pavement+%28RAP%29+percentages+for+sustainable+road+construction&author=R.+Mir%C3%B3&author=G.+Vald%C3%A9s&author=A.+Mart%C3%ADnez&author=P.+Segura&author=C.+Rodr%C3%ADguez&publication_year=2011&journal=Construction+and+Building+Materials&pages=3854-3862&doi=10.1016%2Fj.conbuildmat.2011.04.006
https://doi.org/10.1016/j.conbuildmat.2016.04.143
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000377312300042
https://scholar.google.com/scholar_lookup?title=Effect+of+zycotherm+on+moisture+susceptibility+of+warm+mix+asphalt+mixtures+prepared+with+different+aggregate+types+and+gradations&author=P.+Mirzababaei&publication_year=2016&journal=Construction+and+Building+Materials&pages=403-412&doi=10.1016%2Fj.conbuildmat.2016.04.143
https://scholar.google.com/scholar?q=Mittal%2C+A.%2C+Bose%2C+S.%2C+and+Nagabhushaha%2C+M.N.+2010.+Recycling+of+pavements-an+approach+suitable+for+sustainable+development.+In+Nirman+Surbhi%2C+Rashtriya+Sangoshti+2010%2C+Nirman+Samagriya+Vision+2030.+Central+Road+Research+Institute%2C+New+Delhi.
https://doi.org/10.1016/j.matdes.2014.07.072
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000342681600029
https://scholar.google.com/scholar_lookup?title=Mechanical+properties+of+roller+compacted+concrete+containing+rice+husk+ash+with+original+and+recycled+asphalt+pavement+material&author=A.+Modarres&author=Z.+Hosseini&publication_year=2014&journal=Materials+%26+Design&pages=227-236&doi=10.1016%2Fj.matdes.2014.07.072


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 10/15

Moreno F., Rubio M.C., and Martinez-Echevarria M.J. 2011. Reuse of sludge from the decorative quartz

industry in hot bituminous mixes. Construction and Building Materials, 25(5): 2465–2471.

Crossref | ISI | Google Scholar

Moreno-Navarro F., Sol M., Rubio-Gámez M.C., and Ramírez A. 2013. Reuse of thermal power plant slag

in hot bituminous mixes. Construction and Building Materials, 49: 144–150.

Crossref | ISI | Google Scholar

Muradov N.Z. and Veziroä T.N. 2005. From hydrocarbon to hydrogen – carbon to hydrogen economy.

International Journal of Hydrogen Energy, 30: 225–237.

Crossref | ISI | Google Scholar

Navarro F.M. and Gámez M.C.R. 2011. Influence of crumb rubber on the indirect tensile strength and

stiffness modulus of hot bituminous mixes. Journal of Materials in Civil Engineering, 24: 715–724.

Crossref | ISI | Google Scholar

Nejad F.M., Azarhoosh A., Hamedi G.H, and Hossein R. 2014. Rutting performance prediction of warm

mix asphalt containing reclaimed asphalt pavements. Road Materials and Pavement Design, 15(1):

207–219.

Crossref | ISI | Google Scholar

Oluwasola E.A., Hainin M.R., and Aziz M.A. 2016. Comparative evaluation of dense-graded and gap-

graded asphalt mix incorporating electric arc furnace steel slag and copper mine tailings. Journal of

Cleaner Production, 122: 315–325.

Crossref | ISI | Google Scholar

O’Sullivan, K., and Wall, P.A. 2009. The effects of warm mix asphalt additives on recycled asphalt

pavement. Dissertation, Worcester Polytechnic Institute, 84. Available from

http://www.wpi.edu/Pubs/E-project/Available/E-project-030609-

183749/unrestricted/WMA_Aided_RAP_MQP.pdf.

Google Scholar

Pocius, A. 2012. Adhesion and adhesives technology. Carl Hanser Verlag GMBH & Co KG. pp. 47–83.

Crossref | Google Scholar

https://doi.org/10.1016/j.conbuildmat.2010.11.062
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000288102500037
https://scholar.google.com/scholar_lookup?title=Reuse+of+sludge+from+the+decorative+quartz+industry+in+hot+bituminous+mixes&author=F.+Moreno&author=M.C.+Rubio&author=M.J.+Martinez-Echevarria&publication_year=2011&journal=Construction+and+Building+Materials&pages=2465-2471&doi=10.1016%2Fj.conbuildmat.2010.11.062
https://doi.org/10.1016/j.conbuildmat.2013.07.090
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000329080900019
https://scholar.google.com/scholar_lookup?title=Reuse+of+thermal+power+plant+slag+in+hot+bituminous+mixes&author=F.+Moreno-Navarro&author=M.+Sol&author=M.C.+Rubio-G%C3%A1mez&author=A.+Ram%C3%ADrez&publication_year=2013&journal=Construction+and+Building+Materials&pages=144-150&doi=10.1016%2Fj.conbuildmat.2013.07.090
https://doi.org/10.1016/j.ijhydene.2004.03.033
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000226695400002
https://scholar.google.com/scholar_lookup?title=From+hydrocarbon+to+hydrogen+%E2%80%93+carbon+to+hydrogen+economy&author=N.Z.+Muradov&author=T.N.+Veziro%C3%A4&publication_year=2005&journal=International+Journal+of+Hydrogen+Energy&pages=225-237&doi=10.1016%2Fj.ijhydene.2004.03.033
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000436
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000304924900013
https://scholar.google.com/scholar_lookup?title=Influence+of+crumb+rubber+on+the+indirect+tensile+strength+and+stiffness+modulus+of+hot+bituminous+mixes&author=F.M.+Navarro&author=M.C.R.+G%C3%A1mez&publication_year=2011&journal=Journal+of+Materials+in+Civil+Engineering&pages=715-724&doi=10.1061%2F%28ASCE%29MT.1943-5533.0000436
https://doi.org/10.1080/14680629.2013.868820
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000329777100014
https://scholar.google.com/scholar_lookup?title=Rutting+performance+prediction+of+warm+mix+asphalt+containing+reclaimed+asphalt+pavements&author=F.M.+Nejad&author=A.+Azarhoosh&author=G.H+Hamedi&author=R.+Hossein&publication_year=2014&journal=Road+Materials+and+Pavement+Design&pages=207-219&doi=10.1080%2F14680629.2013.868820
https://doi.org/10.1016/j.jclepro.2016.02.051
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000375162600028
https://scholar.google.com/scholar_lookup?title=Comparative+evaluation+of+dense-graded+and+gap-graded+asphalt+mix+incorporating+electric+arc+furnace+steel+slag+and+copper+mine+tailings&author=E.A.+Oluwasola&author=M.R.+Hainin&author=M.A.+Aziz&publication_year=2016&journal=Journal+of+Cleaner+Production&pages=315-325&doi=10.1016%2Fj.jclepro.2016.02.051
http://www.wpi.edu/Pubs/E-project/Available/E-project-030609-183749/unrestricted/WMA_Aided_RAP_MQP.pdf
https://scholar.google.com/scholar?q=O%E2%80%99Sullivan%2C+K.%2C+and+Wall%2C+P.A.+2009.+The+effects+of+warm+mix+asphalt+additives+on+recycled+asphalt+pavement.+Dissertation%2C+Worcester+Polytechnic+Institute%2C+84.+Available+from+http%3A%2F%2Fwww.wpi.edu%2FPubs%2FE-project%2FAvailable%2FE-project-030609-183749%2Funrestricted%2FWMA_Aided_RAP_MQP.pdf.
https://doi.org/10.3139/9783446431775.003
https://scholar.google.com/scholar_lookup?doi=10.3139%2F9783446431775.003


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 11/15

Pradyumna T.A., Mittal A., and Jain P.K. 2013. Characterization of reclaimed asphalt pavement (RAP)

for use in bituminous road construction. Procedia - Social and Behavioral Sciences, 104: 1149–1157.

Crossref | Google Scholar

Prowell, B.D., Hurley, G.C., and Frank, B. 2011. Warm-mix asphalt: best practices. National Asphalt

Pavement Association Napa. pp. 1–5.

Google Scholar

Pundhir N.K.S., Kamaraj C., and Nanda P.K. 2005. Use of copper slag as construction material in

bituminous pavements. Journal of Scientific and Industrial Research, 64(12): 997–1002.

ISI | Google Scholar

Raposeiras A.C., Vargas-Cerón A., Movilla-Quesada D., and Castro-Fresno D. 2016. Effect of copper slag

addition on mechanical behavior of asphalt mixes containing reclaimed asphalt pavement.

Construction and Building Materials, 119: 268–276.

Crossref | ISI | Google Scholar

Raposeiras A.C., Movilla-Quesada D., Bilbao-Novoa R., Cifuentes C., Ferrer-Norambuena G., and

Castro-Fresno D. 2018. The use of copper slags as an aggregate replacement in asphalt mixes with

RAP: physical–chemical and mechanical behavioural analysis. Construction and Building Materials,

190: 427–438.

Crossref | ISI | Google Scholar

Recycled Materials Resource Center. 2008. User guidelines for by-products and secondary use of

materials in pavement construction.

Google Scholar

Roberts, F.L., Kandhal, P.S., Brown, E.R., Lee, D.-Y., and Kennedy, T.W. 1996. Hot-mix asphalt materials,

mixture design, and construction.

Google Scholar

Rubio M.C., Moreno F., Belmonte A., and Menéndez A. 2010. Reuse of waste material from decorative

quartz solid surfacing in the manufacture of hot bituminous mixes. Construction and Building

Materials, 24(4): 610–618.

Crossref | ISI | Google Scholar

https://doi.org/10.1016/j.sbspro.2013.11.211
https://scholar.google.com/scholar_lookup?title=Characterization+of+reclaimed+asphalt+pavement+%28RAP%29+for+use+in+bituminous+road+construction&author=T.A.+Pradyumna&author=A.+Mittal&author=P.K.+Jain&publication_year=2013&journal=Procedia+-+Social+and+Behavioral+Sciences&pages=1149-1157&doi=10.1016%2Fj.sbspro.2013.11.211
https://scholar.google.com/scholar?q=Prowell%2C+B.D.%2C+Hurley%2C+G.C.%2C+and+Frank%2C+B.+2011.+Warm-mix+asphalt%3A+best+practices.+National+Asphalt+Pavement+Association+Napa.+pp.+1%E2%80%935.
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000233830000010
https://scholar.google.com/scholar_lookup?title=Use+of+copper+slag+as+construction+material+in+bituminous+pavements&author=N.K.S.+Pundhir&author=C.+Kamaraj&author=P.K.+Nanda&publication_year=2005&journal=Journal+of+Scientific+and+Industrial+Research&pages=997-1002
https://doi.org/10.1016/j.conbuildmat.2016.05.081
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000378956600027
https://scholar.google.com/scholar_lookup?title=Effect+of+copper+slag+addition+on+mechanical+behavior+of+asphalt+mixes+containing+reclaimed+asphalt+pavement&author=A.C.+Raposeiras&author=A.+Vargas-Cer%C3%B3n&author=D.+Movilla-Quesada&author=D.+Castro-Fresno&publication_year=2016&journal=Construction+and+Building+Materials&pages=268-276&doi=10.1016%2Fj.conbuildmat.2016.05.081
https://doi.org/10.1016/j.conbuildmat.2018.09.120
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000451104900039
https://scholar.google.com/scholar_lookup?title=The+use+of+copper+slags+as+an+aggregate+replacement+in+asphalt+mixes+with+RAP%3A+physical%E2%80%93chemical+and+mechanical+behavioural+analysis&author=A.C.+Raposeiras&author=D.+Movilla-Quesada&author=R.+Bilbao-Novoa&author=C.+Cifuentes&author=G.+Ferrer-Norambuena&author=D.+Castro-Fresno&publication_year=2018&journal=Construction+and+Building+Materials&pages=427-438&doi=10.1016%2Fj.conbuildmat.2018.09.120
https://scholar.google.com/scholar?q=Recycled+Materials+Resource+Center.+2008.+User+guidelines+for+by-products+and+secondary+use+of+materials+in+pavement+construction.
https://scholar.google.com/scholar?q=Roberts%2C+F.L.%2C+Kandhal%2C+P.S.%2C+Brown%2C+E.R.%2C+Lee%2C+D.-Y.%2C+and+Kennedy%2C+T.W.+1996.+Hot-mix+asphalt+materials%2C+mixture+design%2C+and+construction.
https://doi.org/10.1016/j.conbuildmat.2009.09.004
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000275398400022
https://scholar.google.com/scholar_lookup?title=Reuse+of+waste+material+from+decorative+quartz+solid+surfacing+in+the+manufacture+of+hot+bituminous+mixes&author=M.C.+Rubio&author=F.+Moreno&author=A.+Belmonte&author=A.+Men%C3%A9ndez&publication_year=2010&journal=Construction+and+Building+Materials&pages=610-618&doi=10.1016%2Fj.conbuildmat.2009.09.004


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 12/15

Saride, S. 2010. Towards green pavements in India.

Google Scholar

Shah A., Mcdaniel R.S., Huber G.A., and Gallivan V.L. 2007. Investigation of properties of plant-

produced reclaimed asphalt pavement mixtures. 1998: 103–111.

Crossref | Google Scholar

Shannon C., Mokhtari A., Lee H.D., Tang S., Williams C., and Schram S. 2009. Effects of high reclaimed

asphalt-pavement content on the binder grade, fatigue performance, fractionation process, and mix

design. Journal of Materials in Civil Engineering, 29: 1–9.

Crossref | Google Scholar

Sharma, D.K., Swami, B.L., and Vyas, A. 2013. Study on design of hot mix asphalt using waste copper

slag. In Proceedings of the 5th Asia and Pacific Young Researchers and Graduates Symposium.

Google Scholar

Shi C., Meyer C., and Behnood A. 2008. Utilization of copper slag in cement and concrete. Resources,

Conservation and Recycling, 52(10): 1115–1120.

Crossref | ISI | Google Scholar

Shrum, E.D. 2010. Evaluation of moisture damage in warm mix asphalt containing recycled asphalt

pavement.

Google Scholar

Silva H.M.R.D., Oliveira J.R.M., and Jesus C.M.G. 2012. Are totally recycled hot mix asphalts a sustainable

alternative for road paving? Resources, Conservation and Recycling, 60: 38–48.

Crossref | ISI | Google Scholar

Solaimanian M. and Tahmoressi M. 1996. Variability analysis of hot-mix asphalt concrete containing

high percentage of reclaimed asphalt pavement. Transportation Research Record, 1543(1): 89–96.

Crossref | Google Scholar

Sondag, M.S., Chadbourn, B.A., and Drescher, A. 2002. Investigation of recycled asphalt pavement

(rap) mixtures.

Google Scholar

https://scholar.google.com/scholar?q=Saride%2C+S.+2010.+Towards+green+pavements+in+India.
https://doi.org/10.3141/1998-13
https://scholar.google.com/scholar_lookup?author=A.+Shah&author=R.S.+Mcdaniel&author=G.A.+Huber&author=V.L.+Gallivan&publication_year=2007&journal=Investigation+of+properties+of+plant-produced+reclaimed+asphalt+pavement+mixtures.&pages=103-111&doi=10.3141%2F1998-13
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001694
https://scholar.google.com/scholar_lookup?title=Effects+of+high+reclaimed+asphalt-pavement+content+on+the+binder+grade%2C+fatigue+performance%2C+fractionation+process%2C+and+mix+design&author=C.+Shannon&author=A.+Mokhtari&author=H.D.+Lee&author=S.+Tang&author=C.+Williams&author=S.+Schram&publication_year=2009&journal=Journal+of+Materials+in+Civil+Engineering&pages=1-9&doi=10.1061%2F%28ASCE%29MT.1943-5533.0001694
https://scholar.google.com/scholar?q=Sharma%2C+D.K.%2C+Swami%2C+B.L.%2C+and+Vyas%2C+A.+2013.+Study+on+design+of+hot+mix+asphalt+using+waste+copper+slag.+In+Proceedings+of+the+5th+Asia+and+Pacific+Young+Researchers+and+Graduates+Symposium.
https://doi.org/10.1016/j.resconrec.2008.06.008
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000259888000001
https://scholar.google.com/scholar_lookup?title=Utilization+of+copper+slag+in+cement+and+concrete&author=C.+Shi&author=C.+Meyer&author=A.+Behnood&publication_year=2008&journal=Resources%2C+Conservation+and+Recycling&pages=1115-1120&doi=10.1016%2Fj.resconrec.2008.06.008
https://scholar.google.com/scholar?q=Shrum%2C+E.D.+2010.+Evaluation+of+moisture+damage+in+warm+mix+asphalt+containing+recycled+asphalt+pavement.
https://doi.org/10.1016/j.resconrec.2011.11.013
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000301691700004
https://scholar.google.com/scholar_lookup?title=Are+totally+recycled+hot+mix+asphalts+a+sustainable+alternative+for+road+paving%3F&author=H.M.R.D.+Silva&author=J.R.M.+Oliveira&author=C.M.G.+Jesus&publication_year=2012&journal=Resources%2C+Conservation+and+Recycling&pages=38-48&doi=10.1016%2Fj.resconrec.2011.11.013
https://doi.org/10.1177/0361198196154300111
https://scholar.google.com/scholar_lookup?title=Variability+analysis+of+hot-mix+asphalt+concrete+containing+high+percentage+of+reclaimed+asphalt+pavement&author=M.+Solaimanian&author=M.+Tahmoressi&publication_year=1996&journal=Transportation+Research+Record&pages=89-96&doi=10.1177%2F0361198196154300111
https://scholar.google.com/scholar?q=Sondag%2C+M.S.%2C+Chadbourn%2C+B.A.%2C+and+Drescher%2C+A.+2002.+Investigation+of+recycled+asphalt+pavement+%28rap%29+mixtures.


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 13/15

Taha R., Ali G., Basma A., and Al-Turk O. 1999. Evaluation of reclaimed asphalt pavement aggregate in

road bases and subbases. Transportation Research Record: Journal of the Transportation Research

Board, 1652(1): 264–269.

Crossref | Google Scholar

Tam, K.K., Joseph, P.A., and Lynch, D.F. 1992. Five-year experience of low-temperature performance of

recycled hot mix.

Google Scholar

Tamil Selvi P., Lakshmi Narayani P., and Ramya G. 2014. Experimental study on concrete using copper

slag as replacement material of fine aggregate. Journal of Civil & Environmental Engineering, 4: 156.

Crossref | Google Scholar

Tan, Y.-q., Zhang, L., Gong, W.-q., and Guo, M. 2012. Investigation of the effects of wax additive on the

properties of asphalt binder. Construction and Building Materials, 36(October): 578–584.

Crossref | Google Scholar

Tao M. and Mallick R. 2009. Effects of warm-mix asphalt additives on workability and mechanical

properties of reclaimed asphalt pavement material. Transportation Research Record: Journal of the

Transportation Research Board, 2126: 151–160.

Crossref | Google Scholar

Tomlinson, C.R. 2012. The effect of high RAP and high asphalt binder content on the dynamic

modulus and fatigue resistance of asphalt concrete.

Google Scholar

Topal A. and Sengoz B. 2005. Determination of fine aggregate angularity in relation with the

resistance to rutting of hot-mix asphalt. Construction and Building Materials, 19(2): 155–163.

Crossref | ISI | Google Scholar

Topal A., Sengoz B., Kok B.V., Yilmaz M., Aghazadeh Dokandari P., Oner J., and Kaya D. 2014. Evaluation

of mixture characteristics of warm mix asphalt involving natural and synthetic zeolite additives.

Construction and Building Materials, 57: 38–44.

Crossref | ISI | Google Scholar

https://doi.org/10.3141/1652-33
https://scholar.google.com/scholar_lookup?title=Evaluation+of+reclaimed+asphalt+pavement+aggregate+in+road+bases+and+subbases&author=R.+Taha&author=G.+Ali&author=A.+Basma&author=O.+Al-Turk&publication_year=1999&journal=Transportation+Research+Record%3A+Journal+of+the+Transportation+Research+Board&pages=264-269&doi=10.3141%2F1652-33
https://scholar.google.com/scholar?q=Tam%2C+K.K.%2C+Joseph%2C+P.A.%2C+and+Lynch%2C+D.F.+1992.+Five-year+experience+of+low-temperature+performance+of+recycled+hot+mix.
https://doi.org/10.4172/2165-784X.1000156
https://scholar.google.com/scholar_lookup?title=Experimental+study+on+concrete+using+copper+slag+as+replacement+material+of+fine+aggregate&author=P.+Tamil+Selvi&author=P.+Lakshmi+Narayani&author=G.+Ramya&publication_year=2014&journal=Journal+of+Civil+%26+Environmental+Engineering&pages=156&doi=10.4172%2F2165-784X.1000156
https://doi.org/10.1016/j.conbuildmat.2012.06.024
https://scholar.google.com/scholar_lookup?doi=10.1016%2Fj.conbuildmat.2012.06.024
https://doi.org/10.3141/2126-18
https://scholar.google.com/scholar_lookup?title=Effects+of+warm-mix+asphalt+additives+on+workability+and+mechanical+properties+of+reclaimed+asphalt+pavement+material&author=M.+Tao&author=R.+Mallick&publication_year=2009&journal=Transportation+Research+Record%3A+Journal+of+the+Transportation+Research+Board&pages=151-160&doi=10.3141%2F2126-18
https://scholar.google.com/scholar?q=Tomlinson%2C+C.R.+2012.+The+effect+of+high+RAP+and+high+asphalt+binder+content+on+the+dynamic+modulus+and+fatigue+resistance+of+asphalt+concrete.
https://doi.org/10.1016/j.conbuildmat.2004.05.004
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000226017400010
https://scholar.google.com/scholar_lookup?title=Determination+of+fine+aggregate+angularity+in+relation+with+the+resistance+to+rutting+of+hot-mix+asphalt&author=A.+Topal&author=B.+Sengoz&publication_year=2005&journal=Construction+and+Building+Materials&pages=155-163&doi=10.1016%2Fj.conbuildmat.2004.05.004
https://doi.org/10.1016/j.conbuildmat.2014.01.093
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000334133700006
https://scholar.google.com/scholar_lookup?title=Evaluation+of+mixture+characteristics+of+warm+mix+asphalt+involving+natural+and+synthetic+zeolite+additives&author=A.+Topal&author=B.+Sengoz&author=B.V.+Kok&author=M.+Yilmaz&author=P.+Aghazadeh+Dokandari&author=J.+Oner&author=D.+Kaya&publication_year=2014&journal=Construction+and+Building+Materials&pages=38-44&doi=10.1016%2Fj.conbuildmat.2014.01.093


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 14/15

Tu T.Y., Chen Y.Y., and Hwang C.L. 2006. Properties of HPC with recycled aggregates. Cement and

Concrete Research, 36(5): 943–950.

Crossref | ISI | Google Scholar

Vaiana R., Iuele T., and Gallelli V. 2013. Warm mix asphalt with synthetic zeolite: a laboratory study on

mixes workability. International Journal of Pavement Research and Technology, 6(5): 562–569.

Crossref | Google Scholar

Valdés G., Pérez-Jiménez F., Miró R., Martínez A., and Botella R. 2011. Experimental study of recycled

asphalt mixtures with high percentages of reclaimed asphalt pavement (RAP). Construction and

Building Materials, 25(3): 1289–1297.

Crossref | ISI | Google Scholar

Valdes-Vidal G., Calabi-Floody A., and Sanchez-Alonso E. 2018. Performance evaluation of warm mix

asphalt involving natural zeolite and reclaimed asphalt pavement (RAP) for sustainable pavement

construction. Construction and Building Materials, 174: 576–585.

Crossref | ISI | Google Scholar

Vítková M., Ettler V., Mihaljevič M., and Šebek O. 2011. Effect of sample preparation on contaminant

leaching from copper smelting slag. Journal of Hazardous Materials, 197: 417–423.

Crossref | PubMed | ISI | Google Scholar

Zaumanis, M. 2010. Warm mix asphalt investigation. Master of Science thesis.

Google Scholar

Zaumanis M., Mallick R., and Frank R. 2013. Evaluation of Rejuvenator’s effectiveness with

conventional mix testing for 100% reclaimed asphalt pavement mixtures. Transportation Research

Record: Journal of the Transportation Research Board, 2370(2370): 17–25.

Crossref | Google Scholar

Ziari H., Moniri A., Ayazi M.J., and Nakhaei M. 2016. Investigation of rutting performance of WMA

mixtures containing copper slag. International Journal of Transportation Engineering, 3(3): 227–235.

Google Scholar

https://doi.org/10.1016/j.cemconres.2005.11.022
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000237586200018
https://scholar.google.com/scholar_lookup?title=Properties+of+HPC+with+recycled+aggregates&author=T.Y.+Tu&author=Y.Y.+Chen&author=C.L.+Hwang&publication_year=2006&journal=Cement+and+Concrete+Research&pages=943-950&doi=10.1016%2Fj.cemconres.2005.11.022
https://doi.org/10.6135/ijprt.org.tw/2013.6(5).562
https://scholar.google.com/scholar_lookup?title=Warm+mix+asphalt+with+synthetic+zeolite%3A+a+laboratory+study+on+mixes+workability&author=R.+Vaiana&author=T.+Iuele&author=V.+Gallelli&publication_year=2013&journal=International+Journal+of+Pavement+Research+and+Technology&pages=562-569&doi=10.6135%2Fijprt.org.tw%2F2013.6%285%29.562
https://doi.org/10.1016/j.conbuildmat.2010.09.016
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000287111200019
https://scholar.google.com/scholar_lookup?title=Experimental+study+of+recycled+asphalt+mixtures+with+high+percentages+of+reclaimed+asphalt+pavement+%28RAP%29&author=G.+Vald%C3%A9s&author=F.+P%C3%A9rez-Jim%C3%A9nez&author=R.+Mir%C3%B3&author=A.+Mart%C3%ADnez&author=R.+Botella&publication_year=2011&journal=Construction+and+Building+Materials&pages=1289-1297&doi=10.1016%2Fj.conbuildmat.2010.09.016
https://doi.org/10.1016/j.conbuildmat.2018.04.149
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000433656300054
https://scholar.google.com/scholar_lookup?title=Performance+evaluation+of+warm+mix+asphalt+involving+natural+zeolite+and+reclaimed+asphalt+pavement+%28RAP%29+for+sustainable+pavement+construction&author=G.+Valdes-Vidal&author=A.+Calabi-Floody&author=E.+Sanchez-Alonso&publication_year=2018&journal=Construction+and+Building+Materials&pages=576-585&doi=10.1016%2Fj.conbuildmat.2018.04.149
https://doi.org/10.1016/j.jhazmat.2011.09.102
https://www.ncbi.nlm.nih.gov/pubmed/22030274
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000298200400050
https://scholar.google.com/scholar_lookup?title=Effect+of+sample+preparation+on+contaminant+leaching+from+copper+smelting+slag&author=M.+V%C3%ADtkov%C3%A1&author=V.+Ettler&author=M.+Mihaljevi%C4%8D&author=O.+%C5%A0ebek&publication_year=2011&journal=Journal+of+Hazardous+Materials&pages=417-423&doi=10.1016%2Fj.jhazmat.2011.09.102&pmid=22030274
https://scholar.google.com/scholar?q=Zaumanis%2C+M.+2010.+Warm+mix+asphalt+investigation.+Master+of+Science+thesis.
https://doi.org/10.3141/2370-03
https://scholar.google.com/scholar_lookup?title=Evaluation+of+Rejuvenator%E2%80%99s+effectiveness+with+conventional+mix+testing+for+100%25+reclaimed+asphalt+pavement+mixtures&author=M.+Zaumanis&author=R.+Mallick&author=R.+Frank&publication_year=2013&journal=Transportation+Research+Record%3A+Journal+of+the+Transportation+Research+Board&pages=17-25&doi=10.3141%2F2370-03
https://scholar.google.com/scholar_lookup?title=Investigation+of+rutting+performance+of+WMA+mixtures+containing+copper+slag&author=H.+Ziari&author=A.+Moniri&author=M.J.+Ayazi&author=M.+Nakhaei&publication_year=2016&journal=International+Journal+of+Transportation+Engineering&pages=227-235


23/12/2023, 12:03 Study of warm mix asphalt using reclaimed asphalt pavement and copper slag: a review

https://cdnsciencepub.com/doi/abs/10.1139/cjce-2019-0093 15/15

Ziari, H., Moniri, A., Imaninasab, R., and Nakhaei, M. 2017. Effect of copper slag on performance of

warm mix asphalt. International Journal of Pavement Engineering, 8436(June): 1–7.

Crossref | Google Scholar

Zoorob S.E. and Suparma L.B. 2000. Concrete composites laboratory design and investigation of the

properties of continuously graded asphaltic concrete containing recycled plastics aggregate

replacement (Plastiphalt). Cement and Concrete Composites, 22: 233–242.

Crossref | ISI | Google Scholar

View full text | Download PDF

https://doi.org/10.1080/10298436.2017.1339884
https://scholar.google.com/scholar_lookup?doi=10.1080%2F10298436.2017.1339884
https://doi.org/10.1016/S0958-9465(00)00026-3
https://gateway.webofknowledge.com/gateway/Gateway.cgi?GWVersion=2&DestApp=WOS_CPL&UsrCustomerID=5e3815c904498985e796fc91436abd9a&SrcAuth=atyponcel&SrcApp=literatum&DestLinkType=FullRecord&KeyUT=000088956300003
https://scholar.google.com/scholar_lookup?title=Concrete+composites+laboratory+design+and+investigation+of+the+properties+of+continuously+graded+asphaltic+concrete+containing+recycled+plastics+aggregate+replacement+%28Plastiphalt%29&author=S.E.+Zoorob&author=L.B.+Suparma&publication_year=2000&journal=Cement+and+Concrete+Composites&pages=233-242&doi=10.1016%2FS0958-9465%2800%2900026-3
https://cdnsciencepub.com/doi/full/10.1139/cjce-2019-0093
https://cdnsciencepub.com/doi/pdf/10.1139/cjce-2019-0093?download=true

