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Abstract

Background/Objectives: The objective of the present paper is to study the effect of admixtures and the mixing
approach on the Interfacial Transition Zone (ITZ) of Recycled Aggregate Concrete (RAC). Methods/Statistical analysis:
The micro structure of RAC is generally analyzed by the Vickers micro-hardness test, Atomic-Force Microscopy (AFM),
Nanoindentation and scanning electron microscope (SEM). The various mixing approaches were presented for partially
and fully replacement of recycled aggregate (RA) which basically enhanced the properties of RA. It is also observed that the
use of fly ash and silica fume improve the properties of ITZ. Findings: This paper presents a review of the studies on the
micro structure and mixing approach of RAC elements and Structures. The behavior of RAC has been studied since last 45
years. In this paper micro structure of RAC and mixing approaches conducted by many researchers are critically studied for
the enhancement of strength and durability of RAC. The findings and recommendations derived from the earlier research
may be helpful for the design engineers and professionals for proper design of structural components using RAC. This will
also help in popularizing the use of recycled concrete aggregate in Civil Engineering field. Applications/Improvements:
To achieve sustainable issue in construction area the use of waste concrete as RAC is an important focus for construction
industries and for the safe guard of the natural environment.
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1. Introduction

The RAC is widely used in all over the world. Recycling of
concrete is necessary from the viewpoint of environmen-
tal preservation, shortage of land for waste disposal and
the effective utilization of resources. It is not only make
the concrete economy but also gives higher volume stabil-
ity, better durability and higher strength than the hydrated
cement paste. RCA is a sustainable building material and
it reduces the need for virgin aggregates. Recent research
in concrete technology reports shows that concrete with
RCA performs similarly to concrete with natural aggre-
gate. For using RCA as a construction material, all the
essential properties of RCA must be equivalent to the
properties of natural aggregate. The main reason of pos-
sible reduction of different essential properties of RAC is
because RAC has two inter-facial transition zones (ITZs),
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one is between the RCA and new mortar matrix (new
ITZ), and the other is between the RCA and the old mor-
tar attached (old ITZ). The old mortar of the RCA forms
the weak link in RAC, which is composed of many poros-
ity and cracks. Proper RAC mix design is recommended
by researchers in the past to enhance the properties of
ITZs. The literature reveals that the addition of fly ash to
the RAC enhances some of its properties. In the present
paper a brief review of the existing studies on the micro
structure and mixing approach of RAC elements and
Structures is presented. The review of the literatures is
carried out in two sections: Interfacial Transition Zone
and Mixing Approach.

1.1 Interfacial Transition Zone (ITZ)

ITZ is an important stage that affects the mechanical and
durability properties of RAC. The author examined the
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influence of RA on ITZ. ITZ is the effective part of RAC
that affects the strength and durability of concrete. Vickers
micro-hardness test was carried out to find the character-
istics of ITZ. They concluded that the characteristic of
ITZ is influence by the quality of mortar surrounding the
recycled aggregate’. The effect of microstructure of ITZ on
compressive strength of RAC was studied by using silica
fume. The microstructure of RAC was observed by SEM
and the porosity and pore size distribution of RA was seen
by MIP. They concluded that the high perform RAC has
dense interfacial transition zone than normal strength
concrete it is due to the higher porosity and absorp-
tion capacity of RA% The Two-Stage Mixing Approach
(TSMA) was proposed to improve the ITZ around the
RA. This approach basically fills up some cracks and pores
which make the concrete dense and enhanced the strength
of RAC:. The TSMA was again modified and named as
TSMAproportional-1(TSMAp1)and TSMAproportional2
(TSMAp2) to improve the properties of ITZ and quality of
RAC. The cement slurry was used during premix proce-
dure in TSMAp1 which covered the surface of RA rather
than NMA. Whereas cement with low water cement ratio
was used in TSMAp2 which fills the pores and cracks of
RA than TSMAp1 and NMA at first stage of mixing, hence
weaklink of ITZ was improved by this method*. The TSMA
used for 0 % to 100 % substitution of RA and compared
with NMA. Better ITZ properties were observed by using
TSMA than NMA?®. The TSMA by adding silica fume and
silica fume + cement was proposed, named as TSMAs and
TSMAsc respectively. This approach was used for 5 % to
30 % of RA. Good ITZ was observed in this procedure®.
The effect of different mixing approaches on the proper-
ties of ITZ in RAC was investigated. Nano-indentation
and Scanning Electron Microscopy (SEM) were used to
know the Nano mechanical properties and microstruc-
tures of ITZs (i.e. old and new ITZ) respectively. Figure 1a
shows that the indentation modulus increases when dis-
tance increases from the aggregate surface for old ITZ. For
new ITZ with TSMA, there was no indication while new
ITZ with NMA modulus decreases from old paste matrix.
Hence TSMA gave stronger new ITZ. Figure 1b shows
the probability of modulus which corresponds to poros-
ity and CH phases were lesser in new ITZ with TSMA
than the old and new ITZ with NMA, which improve the
microstructure of new ITZ”. The influence of mix propor-
tion, aggregate type and hydration age on the properties
of new and old ITZ was investigated by AFM, SEM and
Nanoindentation. With the increase in hydration porosity
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and thickness of new ITZ decreases and new ITZ become
stronger and denser. By Atomic Force Microscopy (AFM)
it was seen that the old ITZ has higher roughness than
new ITZ and also found that the both old and new ITZ
region are flat in RAC. From SEM it was found that old
and new ITZ has higher porosity than the paste matrix and
dense zone was found near to new ITZ at old paste. And
by Nanoindentation the thickness of old ITZ and new ITZ
were 40-50 um and 55-65 um respectively at 90 days but
the modulus of old and new ITZ was observed 70-80% of
old paste matrix and 80-90% of new paste matrix respec-
tively. It was concluded that the indentation modulus of
new ITZ in RAC (having water binder ratio of 0.42) was
lower than new ITZ in RAC (having water cement ratio
of 0.45) and thickness of new ITZ in RAC (having water
binder ratio of 0.42) was greater than RAC (having water
cement ratio of 0.45) because the RAC (having water
cement ratio of 0.42) contain fly ash. So the thickness of
new ITZ decreases when the hydration age increases and
the new ITZ become denser and stronger®. The experi-
mental investigation was done to find the influence of RA
on RAC and also the influence on strength of RAC after
the test. The vicker hardness test was used to get the hard-
ness of ITZ between aggregate and mortar. In this studied
the effect of old mortar on RA surface was determined.
Author observed that the natural aggregate concrete
(NAC) failed with the development of cracks in the ITZ
between natural coarse aggregate (NCA) and cement
mortar after compression and tensile test. Whereas the
RAC was failed by both with the development of cracks
in the ITZ between RCA and cement mortar and with the
ITZ failure of aggregate itself. The RCA fell off more eas-
ily than NA from new mortar and bigger ITZ cracks was
in RAC. It was also found that the micro hardness value
was larger in both new ITZ and mortar zone compared to
old ITZ and mortar zone respectively®. Figure 2 shows the
vicker hardness test values. Lee and Choi concluded that
the micro-hardness value tends to increase in old mortar
zone (120-180pm) while in new ITZ(180-210um) micro-
hardness value was decreased. On the other hand, Otsuki
has found that the micro-hardness value increases as the
water-binder ratio decreases, where B2 represent the RA
which having w/b ratio of 0.55 and 0.40"°. The author
used the stone chips and granite chips and the proper-
ties of granite chips were studied and compared with the
conventionally used aggregate material, and observed that
the increases in the percentage of the granite results to
increases in strength of the concrete®.
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Figure 1. Nano-mechanical properties characteristics
of old ITZ and new ITZ in RAC (a) Average modulus
distribution of ITZs (b) Average modulus statistical analysis
of ITZs.
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Figure 2. Vicker micro-hardness distribution at new ITZ
of RAC.

1.2 Mixing Approaches

Figure 3 shows the Double mixing method, for 100 %
substitution of RA the compressive and tensile enhanced
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by 4.18 % and 5.25 % respectively by using DMM, at 28
days of curing similarly the chloride penetration and car-
bonation resistance also improved when compared with
NMA of w/c + 0.55'. Figure 4 shows the Two Stage Mixing
Approach. Tam et al. have proposed TSMA to improve
the quality of RAC. At 28 days of curing the compressive
strength was enhanced by 21.19% for 20 % replacement
of RCA’. Figure 5(a) and Figure 5(b) shows the mixing
approach TSMA | and TSMA , respectively. At 28 days of
curing the compressive strength was enhanced by 11.47%
of 25 % replacement of RCA and 19.75 % of 20 % replace-
ment of RCA for the TSMA | and TSMA , respectively.
For modulus of elasticity there was no much difference
observed®. Figure 6(a) and Figure 6(b) shows the TSMA_
and TSMA _mixing approach respectively. At 28 days of
curing, the compressive strength, flexural strength, tensile
strength and static modulus of elasticity were enhanced
by 19.50%(with 25% RA substitution), 20.04%(with 20%
RA substitution),16.16%(with 10% RA substitution)
and 16.28%(with 30% RA substitution) respectively for
TSMAs. On the other hand, for TSMAsc the compres-
sive strength, flexural strength, tensile strength and static
modulus of elasticity were enhanced by 19.73% (with
25% RA substitution), 4.44%(with 25% RA substitution),
24.22% (with 5% RA substitution) and 11.92% (with
30% RA substitution) respectively when compared with
NMAS. According to Li et al. the compressive strength
was enhanced by 3.21% (with 100% RA substitution, at
28 days)~. Figure 7 shows the Two Stage Mixing method'’.
At 28 days of curing, the compressive strength improved
20.5 %( with 75% RA substitution) when cement con-
tent was 250 kg/m® (w/c = 0.60) and 2.3 %( with 75% RA
substitution) when cement content was 400 kg/m* (w/c =
0.45) whereas tensile strength enhanced by 54.6%( with
75% RA substitution, cement content 250 kg/m?®) 13.8%(
with 75% RA substitution, cement content 400 kg/m?)
and bond strength for cement content 250 kg/m® was
13.1%( with 75% RA substitution) and 42.9% for cement
content 400 kg/m* ( with 75% RA substitution)'. Figure
8(a) and Figure 8(b) shows the Motar Mixing Approach
and Sand Envaloped Mixing Approach respectively. At
28 days of curing and 0.45 w/c, the compressive strength
was observed higher than MMA and TSMA when SEMA
used™. Figure 9 shows the Mixing Approach where the
compressive strength of RAICSF10 (40 % RA content)
and RA2CSF10 (30 % RA content) and tensile strength
of RA2CSF5 (30 % RA content) and RA2CSF10 (30 % RA
content) were higher than NMA at 28 days of curing2.
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Figure 9. Mixing Approach'.

2. Conclusion

From the literature review it was concluded that the prop-
erties of RAC is effected by Interfacial Transition Zones
of RA, so to overcome this problem or make the ITZ
stronger, different mixing approaches were adopted and
it shown the comparable strength with normal concrete.
Hence the concrete with suitable added fly ash and silica
fume can be studied for better performance by adopting
new mixing approach.
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