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The authors are to be congratulated for their comprehensive research work on the use of RCA as
aggregate in structural grade concrete [1], but some of their conclusions with regard to the effect of
aggregate type and RCA content on the fresh and hardened properties of concrete made with coarse
RCA, termed RAC for brevity, need discussion.

The authors investigated the fresh and hardened properties of RAC mixes with three different RCA
content levels. The sources of RCA were waste lab specimens (class C30/37) and precast concrete
columns (class C40/50). The conventional concrete mix proportioning method was applied but the
coarse aggregate content was modified by substituting, based on weight, 0%, 50% or 100% of the
coarse natural aggregate by coarse RCA. Based on their test results, they concluded that concrete
compressive and splitting tensile strengths are only affected by the quality of RCA rather than its
quantity. In other words, the percent replacement of coarse natural aggregate by RCA does not
influence the above strengths. Although the discussers agree with the authors that the compressive and
tensile strengths of RAC depend on the quality of coarse RCA (properties of original concrete), other
important parameters also influence to various degrees RAC concrete strength, including the relative
strength of its components (original virgin aggregate and residual mortar in RCA as well as fresh
mortar and natural aggregate in RAC), and the fractures properties of the interfacial transition zone
(ITZ) between the natural aggregate and the residual mortar in RCA, the ITZ between the residual
mortar and the fresh mortar and the 1TZ between the fresh mortar and the fresh natural aggregate in
RAC. According to Fathifazl et al. [2], the compressive and splitting tensile strength of RAC may be
higher or lower compared to companion natural aggregate concrete (NAC) with zero replacement ratio.
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This depends on the physical and mechanical properties of the original coarse natural aggregate in
RCA. If the original aggregate in RCA and the fresh aggregate in RAC were both crushed stone, the
RCA particles would be less angular than the fresh aggregate particles, which would result in a RAC
mix with lower strength than the companion NAC. On the other hand, if the natural aggregate in RCA
and the fresh natural aggregate in RAC were both river gravel, due to the greater angularity of the
RCA particles than the fresh aggregate particles, the RCA mix would have higher strength than the
companion NAC. Therefore, the authors’ conclusion that only the quality of RCA determines the
strength of RAC is not universally valid.

The authors’ conclusion that the RCA content of RAC does not affect its compressive strength is
also not supported by existing research findings in the literature. According to Hansen-Narud [3], in
the case of RCA with better quality residual mortar and original ITZ than the fresh mortar and its ITZ,
the overall strength of RAC can be comparable to that of the companion NAC. Otherwise, RAC would
have lower strength than it companion NAC. The level of reduction in strength will increase as the
RCA content of RAC is increased. This is the main reason for limiting the aggregate replacement ratio
to approximately 30% [3-6]. On the other hand, it has been also shown that RAC with strength higher
than the source concrete of the RCA can be produced by adjusting the w/c ratio of the fresh
mortar [4-6]. In other words, if concrete strength is used as indicator of its quality, then a lower quality
concrete can be recycled as aggregate to produce a higher quality RAC.

Regarding the workability of RAC, the authors stated that workability of concrete with natural and
recycled aggregate is almost similar if water saturated-surface-dry RCA is used. However, according
to Fathifazl [7], at constant w/c ratio; aggregate type and RCA content can affect the slump of RAC
mixes. They showed that depending on the difference between the angularity of natural aggregate and
RCA particles, the slump of RAC could be higher or lower than that of NAC. For instance, all other
factors being the same, NAC containing only virgin river gravel as coarse aggregate would have
higher slump than the companion RAC made with RCA comprising residual mortar and river gravel.

The authors also state that the shrinkage of RAC is higher than NAC for RCA content greater than
50%. They also found the elastic modulus of RAC to be smaller than that of NAC for both aggregate
replacement ratios. According to Table 8 of the paper, the shrinkage values were measured up to the
age of 28 days, which in the opinion of the discussers, is insufficient measurement time for reaching
general conclusion about the shrinkage behavior of concrete . The discussers have demonstrated
through extensive testing [2] that the observed higher shrinkage and lower elastic modulus of RAC
compared to NAC are generally a consequence of applying conventional mix proportioning methods to
RAC and replacing some or all of the coarse natural aggregate by RCA. In fact, conventional
replacement of natural aggregate with RCA, as done by the authors, generally leads to higher overall
mortar (i.e., fresh plus residual mortar) volume in RAC than the NAC, and this high mortar content is
the principal reason for the RCA higher shrinkage and creep and lower elastic modulus. The level of
inferiority would vary, depending on the residual mortar content of RCA, but the problem can be
eschewed by using a proper mix proportioning method, which considers residual mortar volume in
RCA as part of total mortar volume in RAC. Therefore, the 50% RCA content to which the authors
have referred as the critical limit for shrinkage of RAC might also vary depending on residual mortar
content in RCA, and recommending such a limit needs to be made a function of volumetric ratio of
residual mortar in RCA. The authors have not reported the residual mortar content of the RCA that
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they have used in their tests, but as demonstrated by Fathifazl et al. [2,7,8], this quantity is critical to
the design of the RAC mix and its physical and mechanical properties.

Based on their pull-out test results, the authors concluded that the bond between RAC and steel
reinforcing bars is not significantly influenced by RCA, as the failure crack crosses through new
cement paste. However, according to Fathifazl [7], the lower the total natural aggregate (i.e., original
natural aggregate in RCA plus fresh natural aggregates) volume of RCA, the higher the likelihood of
lower bond because of the reduction in the number of potential sites where the lugs of the rebars could
interlock with natural aggregates in the surrounding concrete. Since conventional mix proportioning
methods generally lead to an overall reduction in the total coarse natural aggregate content of RAC
compared to NAC, the likelihood of reduced bond is increased. Of course, the authors test can be used
to measure the relative quality of bond strength of RAC and NAC because both may have had more
bond resistance than necessary but it does not mean that they had equal bond strength.

Finally, the authors reported similar elastic deflections for beams made of mixes with different
aggregate replacement ratio, and consequently, concluded that RCA content has no significant
influence on the flexural behavior of beams made of RAC. However, they have found higher
post-cracking deflections at high RCA content level, and have attributed this to the lower modulus of
elasticity of RAC compared to NAC. The authors further supported their conclusion by referring to our
research results [7]. While we appreciate the authors’ reference to our work, we would like to point out
that the RAC mix proportioning method used in our research is a new method and is termed the
“Equivalent Mortar Volume”, or EMV for short, in which RCA is considered as a two-phase
composite material (i.e., residual mortar and original virgin aggregate). In this approach, the
volumetric ratios of residual mortar and original coarse natural aggregate in RCA are determined and
these are added to the corresponding volumetric ratios of fresh mortar and fresh coarse aggregate in
order to obtain the total mortar and total coarse natural aggregate content of RAC. To achieve concrete
with similar properties as the companion NAC, the total mortar and total coarse natural aggregate of
the two mixes are made equal. Since the EMV method is different than the conventional mix
proportioning method used by the authors in their investigation, the comparison made by the authors
with the discussers’ research findings may not be appropriate.
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