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Abstract 

The use of reclaimed asphalt pavement (RAP) as a partial replacement of coarse aggregate in concrete 

paving mixtures has seen recent interest as a result of significant availability of stockpiles of RAP materials. 

While previous research has primarily focused on the mechanical and durability properties of concrete with 

RAP aggregates, this research investigates the microstructural changes that RAP aggregates produce as well as 

the large-scale response testing of concrete slabs containing RAP. The main objectives were to examine the 

fundamental bonding and interaction between asphalt and cement paste in order to explain the properties 

observed in laboratory-sized specimens and to quantify how the RAP aggregates affected the flexural capacity 

of large-scale concrete slab despite its known reduction in tensile strength and modulus.  

Microstructural characterizations were carried out by principally studying the interfacial transition 

zone (ITZ) and the interfacial bond energies between asphalt (RAP) and cement paste. Studies of the ITZ were 

performed using Euclidean distance mapping and image analysis of compositional backscatter electron 

micrographs of polished epoxy-impregnated samples to examine the porosity, calcium hydroxide (CH), and 

unhydrated cement distributions. The findings suggested that concrete with RAP aggregates has a larger, more 

porous ITZ, which explains, in part, the reduced strength observed for concrete with RAP, as the more porous 

ITZ allows for easier crack initiation. The CH morphology was not greatly affected by the presence of the 

asphalt, although there was less CH immediately at the asphalt-cement paste interface. Another finding was 

that silica fume did somewhat improve the ITZ properties of mortar with RAP but did not significantly 

improve the composition relative to the dolomite ITZ, which explains why silica fume has not been reported to 

significantly improve the bulk mechanical properties of concrete with RAP aggregates.  

The fundamental bonding potential between asphalt and cement was investigated by measuring the 

surface free energy of the materials. Chemical treatments of the asphalt samples were also performed to 

determine if this bonding potential could be improved. Using Fourier transform infrared spectroscopy, certain 

chemical treatments, such as nitric acid, chromic acid, and maleic anhydride, oxidized the asphalt surface, as 

measured by increased carbonyl and sulfoxide spectroscopic indexes. Using the sessile drop method to 

measure surface free energy, these chemical treatments increased the energy of interaction and interfacial 

energy between asphalt and cement paste. However, the work of adhesion between asphalt and cement paste 

was found to be higher than the asphalt work of cohesion; this leads to crack propagation occurring 

preferentially through the asphalt binder and not through the ITZ nor directly at the RAP-cement paste 

interface. This is the other mechanism for the reduced strength observed in concrete with RAP. Furthermore, 

this explains why improvements to the microstructure, such as through densification and pozzolanic reactions 

with silica fume and with asphalt chemical treatments, are not effective in improving the bulk strength. Thus, 

the reduction in concrete strength with RAP aggregates has been attributed to (1) the larger, more porous ITZ 

and (2) the dominance of asphalt cohesion failure. The reduction in modulus is primarily a function of the 

larger, more porous ITZ caused by the asphalt on the RAP particles. Using established multi-phase elastic 

models, it was found that accounting for the larger, more porous ITZ did predict composite moduli that were 

similar to the experimentally-measured values. 


