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This paper discusses the effect of recycled crushed concrete fines (RCCF) with particle sizes less than 75 ym on concrete
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Generally, the performance of the mix cast using 20% RCCF was significantly lower than the control mix. The incorporation
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ABSTRACT

This paper discusses the effect of recycled crushed concrete fines (RCCF)
with particle sizes less than 75 pym on concrete properties. Specifically,
the effect of RCCF at 10% and 20% by mass of cement on the
density, slump, compressive strength and accelerated drying shrinkage
of laboratory-made concrete mixes was investigated. The mixes were
cast with a fixed water:binder ratio of 0.50. The incorporation of RCCF
reduced strength, density, slump and accelerated drying shrinkage.
There was no statistically significant difference in the magnitude of
accelerated drying shrinkage across the specimens with RCCF. Generally,
the performance of the mix cast using 20% RCCF was significantly lower
than the control mix. The incorporation of 10% RCCF, in comparison
with the control mix, did not result in a significant reduction in density,
compressive strength and accelerated shrinkage.
Keywords: recycled crushed concrete fines, construction and
demolition waste, concrete, cement replacement.

1. INTRODUCTION

Notable strategies that have been used globally to mitigate the
negative effects of increased cement consumption comprise the use of
supplementary cementitious materials (SCMs) such as ground granulated
blast furnace slag (GGBS) and fly ash (FA). SCMs produce concrete with
improved durability and mechanical performance. Despite their superior
performance, the declining steel production in Cape Town has resulted
in fluctuations in the quantity of slag available for construction. Also,
FA has become uneconomical due to high costs involved in freighting
over long distances and the high carbon impact of coal combustion. It
is evident, therefore, that the demand for fly ash and slag in Cape Town
outstrips the supply - a situation that could potentially increase the
cost of construction significantly in future. There is a need, therefore,
to identify and investigate alternative cementitious materials that are
affordable, readily available and in significant quantities to meet the
long-term demand for construction with a minimum negative impact
on the environment. Recycled crushed concrete fines (RCCF) from
construction and demolition waste (C&DW) is such a material. The use
of RCCF in concrete would also contribute to the efficient management
of municipal solid waste "7,

Research on, and the use of, C&DW in concrete has been ongoing
since the early 1940s 5712 Limited research, however, has been done
on the use RCCF in concrete production 3 >712-141 Shui et al [9], Oksri-
Nelfia et al B'and Prosek et al®”Ispecifically report that sub-sieve recycled
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concrete fractions are yet to be adopted in construction. Studies [
6. 7.11-13. 151 have reported that the incorporation of RCCF in concrete
and cement-based composites results in: reduced water demand for
normal consistency, accelerated hydration of cement, negligible heat
production during hydration, increased porosity and slump and reduced
carbonation resistance and compressive strength. Contradictions have
been reported on the effect of RCCF on slump, tensile strength and the
overall fluidity of concretel'-3. 12131,

This paper presents the preliminary results from an ongoing study
on the effect of RCCF on the following concrete properties: slump,
density, compressive strength and accelerated drying shrinkage. The
primary objective of this feasibility study is to assess the potential of
RCCF as an SCM in concrete. This is one of the pioneer feasibility
studies on the effect of RCCF in concrete cast using materials that are
locally available in Cape Town and South Africa. The findings from this
study will, therefore, inform future studies on the effect of RCCF on
concrete cast using locally-available materials and the development of
future guidelines on the use of RCCF in concrete.

2. METHODOLOGY

Three concrete mixes were designed and tested. The following materials

were used:

i. CEMIIB-M (L), 42.5 N: limestone content = 20%, clinker content =
80%, fineness = 3500 cm2/g; density = 2790 kg/m?.

ii. Dune sand: Fineness Modulus = 1.88, compacted bulk density =
1670 kg/m?.

iii. Greywacke crusher sand: Fineness Modulus = 3.09, compacted
bulk density = 1890 kg/m?.

iv. 13 mm Greywacke stone: bulk density = 1500 kg/m?, relative
density = 2.71.

v. Recycled crushed concrete fines (abbreviated as RCCF hereafter):
density = 2590 kg/m?, particle size < 75 pm.

The mix designs are summarised in Table 1.

Discarded laboratory-made concrete specimens of varying ages (older
than 1 year) were mechanically crushed into small pieces using a
hammer and a hydraulic compression machine. Utmost care was taken
to minimise the inherent variability in the chemical composition of the
discarded concrete by ensuring that they were from one source. The
crushed concrete pieces were pulverised using a laboratory jaw crusher



Table 1: Concrete mix designs

Mix ID

Mix component Control 10% 20%

(0% RCCF) RCCF RCCF
CEM II B-M(L) (kg/m?) 450 405 360
RCCF (kg/m?) 0 45 90
Water (I/m?) 225 225 225
Dune sand (kg/m?) 402.5 402.5 402.5
Greywacke crusher sand (kg/m?) 402.5 402.5 402.5
13 mm greywacke stone (kg/m?) 850 850 850
Water:binder ratio 0.50 0.50 0.50

into fine powder. The powder extracts that
passed through the 75 pym sieve — i.e., RCCF
- were collected for subsequent testing. The
RCCF, dune sand and greywacke crusher sand
were oven-dried at 105 oC for 48 hours. Oven-
drying was used to remove moisture. The
oven-dried sands were left to cool for at least
4 hours and thereafter stored in cylindrical
steel containers. The fineness modulus and
grading of the dune and greywacke crusher
sands was done according to ASTM C 136
¢l The dune and greywacke crusher sands
were blended at a ratio of 1:1. The density
of aggregates was determined according to
ASTM C 29 ", A water to binder (i.e., CEM
Il B-M(L) and RCCF) ratio — abbreviated as
water:binder or w:b hereafter - of 0.50 was
used. This water:binder ratio was deemed to
be representative of conventional concrete.
Three concrete mixes were cast: a control
mix and two test mixes containing RCCF at
replacement levels of 10% and 20% by mass
of binder. The maximum replacement level of
20% was informed by past studies (132 12,151,

The dry materials — 13 mm greywacke
stone, greywacke crusher sand, dune sand,
cement and RCCF - were mass-batched
and put in a 50-litre pan mixer. Thereafter,
water was added to the dry mix in small
increments after the mixer was switched on.
The materials were mixed for five minutes.
The slump of the freshly-cast concrete mixes
was tested according to ASTM C 143 '8 The
test for slump was repeated thrice and the
mean of three test results calculated. The
slump test results are presented in Section
3.1. Test specimens were cast in standard
moulds depending on the specifications for
the particular test. A vibrating table was used
to compact the freshly cast concrete mixes.
The mixes, after compaction, were covered
in a dark polythene sheet and left to harden
in an undisturbed state in the laboratory
(temperature = 21 + 2 oC; relative humidity
60 + 5%) for 24 + 8 hours. The hardened

specimens were demoulded and water-cured
in a bath maintained at 21 + 3 oC for 3, 7 or
28 days depending on the test. Three replicate
specimens were cast and tested for each
material property under investigation. Tests
for density and compressive strength were
done on 100 mm cube specimens while those
for accelerated shrinkage were done on 100 x
100 x 200 mm prisms.

3. RESULTS AND DISCUSSIONS

3.1 Slump

The effect of RCCF on the slump of fresh
concrete mixes is presented in Figure 1.

It can be observed, from Figure 1, that
the incorporation of RCCF reduced slump
significantly. The reduction in slump increased
with an increase in RCCF content. This
reduction has also been observed by other
researchers 12 The observed reduction in
slump could be attributed to the reduction
in the volume of spherical cement particles
due to their replacement with coarser RCCF
particles. The coarse RCCF particles increase
inter-particle  friction during mixing and
a corresponding reduction in slump. The
reduction in slump could also be attributed to
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the high absorption of RCCF particles which
would reduce the volume of water available
for the lubrication of the concrete mix B3l
Ma and Wang !, while referring to other
researchers, report that the surface of RCCF
particles have pores which absorb water. The
absorption of water in a mix would increase
interparticle friction among the particles
due to the reduction in water which acts as
a lubricating agent. The increased friction
would manifest as a reduction in slump.
Prosek, et al” further attribute the reduction
in slump in concrete containing RCCF to their
high adhesion which results from their high
specific surface area.

3.2 Density
The effect of RCCF on the density of the
concrete is presented in Figure 2.

It can be observed, from Figure 2, that the
incorporation of RCCF in concrete reduced its
density. This observation is consistent with the
findings of Lidmula et al I'"\. The reduction in
density, however, is not statistically significant.
The observed reduction in density can be
attributed to the reduction in the volume of
cement paste. Cement particles were found
to be denser (2790 kg/m?) than RCCF particles
(2590 kg/m3). The partial replacement of
cement with RCCF would thus result in a
reduction in the density of concrete. Body
et al @3 and Prosek et al 7' also report that
the incorporation of RCCF increases porosity;
with the porosity increasing with an increase
in RCCF content. An increase in porosity due
to the incorporation of RCCF would result in a
reduction in density. From this result, it can be
inferred that RCCF could find potential use in
light-weight concrete construction.
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Figure 1: Trial cement mix with subsequent slump
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Figure 2: Density of concrete at various RCCF replacement levels
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Figure 3: Compressive strength of concrete at various RCCF replacement levels
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Figure 4: Accelerated drying shrinkage of concrete at varying RCCF content
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3.3 Compressive strength
The compressive strength test results are
presented in Figure 3.

[t can be observed that the replacement
of cement with RCCF resulted in a reduction
in compressive strength at all ages. Similar
trends and observations have also been
reported by other researchers!'-37.11-13]_While
studies by Prosek et al " and Oksri-Nelfia et
al ¥ report that the replacement of cement
with 20-30% RCCF by mass of cement would
not result in a significant change in properties;
the test results from this study do not support
their observations entirely. The results
from this study, however, are consistent
with the findings of Ma and Wang "l The
replacement of cement with 20% RCCF
reduced compressive strength significantly
at all ages. However, the difference between
the compressive strength of the control mix
and the 10% RCCF mix at all ages was not
statistically significant.

The observed reduction in strength due
to the replacement of cement with RCCF
could be attributed to the increased porosity
of RCCF mixes & & 3 the low quantity of
anhydrous cement in RCCF and the overall
reduction in cement content in RCCF concrete
mixes. A reduction in cement content results
in a corresponding reduction in the volume of
C-S-H formed during hydration . A reduction
in the volume of C-S-H, the main strength
bearing component of concrete, results in
a corresponding reduction in compressive
strength. The reduction in strength, with all
factors held constant, would be proportional
to the reduction in cement content. Oksri-
Nelfia et al B! further report that the low
anhydrous cement content in RCCF reduces
the likelihood of hydraulic actions (and the
formation of C-S-H) with would manifest as a
reduction in strength.

3.4 Accelerated drying shrinkage
The test results for accelerated drying
shrinkage are presented in Figure 4.

From Figure 4, it can be observed that the
incorporation of RCCF in concrete reduced
accelerated drying shrinkage significantly
in relation to the control mix. The reduction
in shrinkage could be attributed to the
reduction in the volume of cement paste
which is usually responsible for shrinkage
in concrete. Also, anhydrous and hydrated
cement and crushed aggregate particles in
RCCF could have provided internal restraint
to the shrinkage of the paste. The recycled
sand and hydrated cement particles within
RCCF also act as microfillers which would
reduce the porosity of interfacial transition



zones ©71 These microfillers would also
result in a pore-blocking effect which
reduces interconnectivity in the pores; and
a consequent reduction in the rate of loss of
moisture (i.e., shrinkage) from the concrete.

4. CONCLUSIONS

The following conclusions have been arrived

at based on the test results from this study:

i. The replacement of cement with RCCF
resulted in a significant reduction in
slump. The reduction in slump increases
with an increase in RCCF content.

ii. The replacement of cement with RCCF
results in a reduction in density. This
reduction, however, is not significant.

ii. The replacement of cement with 20%
RCCF results in a significant reduction
in compressive strength at all ages. The
replacement of cement with 10% RCCF,
however, does not result in a significant
reduction in compressive strength at all
ages.

iv. The replacement of cement with RCCF
results in a significant reduction in
accelerated drying shrinkage. CB

Dr. Philemon Abuti Arito

holds a BSc. in Civil Engineering from the
University of Nairobi (UoN) and MSc. and
PhD degrees in Civil Engineering from the
University of Cape Town (UCT). He is a
Senior Lecturer at the Department of Civil
and Mining Engineering at the University
of Namibia (UNAM). His research interests
are in cement and concrete materials,
particularly relating to concrete durability,
repair, condition assessment, deterioration
modelling, the use of recycled waste
products, admixtures and novel materials
in concrete production.

YCRETS TECHNICAL PAPER 1

ACKNOWLEDGEMENTS

The authors wish to acknowledge with
gratitude the following for financial support

PPC, AfriSam, Sika (SA) Pty Ltd, and The
Carnegie Corporation of New York.

and materials for this research: Chryso SA,

REFERENCES

(1]

(2]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

X. Ma, Z. Wang, Effect of Ground Waste Concrete Powder on Cement Properties, Adv.
Mater. Sci. Eng. 2013 (2013) 1-5. https://doi.org/10.1155/2013/918294.

A. Bordy, A. Younsi, B. Fiorio, S. Aggoun, Influence of drying conditions on hydration of
cement pastes with substitution of Portland cement by a recycled cement paste fine.,
in: ICOME"16 Int. Conf. Mater. Energy, 2016: pp. 1-6.

L. Oksri-Nelfia, P-Y. Mahieux, O. Amiri, P. Turcry, J. Lux, Reuse of recycled crushed
concrete fines as mineral addition in cementitious materials, Mater. Struct. 49 (2016)
3239-3251. https://doi.org/10.1617/s11527-015-0716-1.

A. Pilipenko, S. Bazhenova, Usage of Crushed Concrete Fines in Decorative Concrete,
in: IOP Conf. Ser. Mater. Sci. Eng., 2017: p. 032082. https://doi.org/10.1088/1757-
899X/245/3/032082.

A. Pilipenko, S. Bazhenova, A. Kryukova, M. Khapov, Decorative light transmitting
concrete based on crushed concrete fines, in: IOP Conf. Ser. Mater. Sci. Eng.,
2018: p. 032046. https://doi.org/10.1088/1757-899X/365/3/032046.

Z. Prosek, V. Nezerka, R. HIRzek, J. Trejbal, P. Tesarek, G. Karra'a, Role of lime, fly ash,
and slag in cement pastes containing recycled concrete fines, Constr. Build. Mater.
201 (2019) 702-714. https://doi.org/10.1016/j.conbuildmat.2018.12.227.

Z. Prosek, J. Trejbal, V. Nezerka, V. Golias, M. Faltus, P. Tesarek, Recovery of residual
anhydrous clinker in finely ground recycled concrete, Resour. Conserv. Recycl. 155
(2020) 104640. https://doi.org/10.1016/j.resconrec.2019.104640.

C. De Pauw, Reuse of building materials and disposal of structural waste material,
1994.

Z. Shui, D. Xuan, H. Wan, B. Cao, Rehydration reactivity of recycled mortar from
concrete waste experienced to thermal treatment, Constr. Build. Mater. 22 (2008)
1723-1729. https://doi.org/10.1016/j.conbuildmat.2007.05.012.

E. Anastasiou, K. Georgiadis Filikas, M. Stefanidou, Utilization of fine recycled
aggregates in concrete with fly ash and steel slag, Constr. Build. Mater. 50 (2014)
154-161. https://doi.org/10.1016/j.conbuildmat.2013.09.037.

M. Lidmila, P. Tesarek, T. Plachy, Z. Racov4, P. PadevRt, V. NeZerka, O. Zobal, Utilization
of Recycled Fine-Ground Concrete from Railway Sleepers for Production of Cement-
Based Binder, Appl. Mech. Mater. 486 (2013) 323-326. https://doi.org/10.4028/\www.
scientific.net/AMM.486.323.

X. Kang, Y. Li, Effect of Recycled Fine Powder and Mineral Admixture on the Properties
of the Cement Mortar, in: IOP Conf. Ser. Earth Environ. Sci., 2019: p. 012026. https:/
doi.org/10.1088/1755-1315/219/1/012026.

A. Bordy, A. Younsi, S. Aggoun, B. Fiorio, Cement substitution by a recycled cement
paste fine: Role of the residual anhydrous clinker, Constr. Build. Mater. 132 (2017) 1-8.
https://doi.org/10.1016/j.conbuildmat.2016.11.080.

L. Evangelista, J. de Brito, Durability of crushed fine recycled aggregate concrete
assessed by permeability-related properties, Mag. Concr. Res. 71 (2019) 1142-1150.
https://doi.org/10.1680/jmacr.18.00093.

V. Letelier, E. Tarela, P. Mufioz, G. Moriconi, Combined effects of recycled hydrated
cement and recycled aggregates on the mechanical properties of concrete, Constr.
Build. Mater. 132 (2017) 365-375. https://doi.org/10.1016/j.conbuildmat.2016.12.010.

ASTM, C 136: Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates,
2006.

ASTM, C29: Standard Test Method for Bulk Density (“Unit Weight”) and Voids in
Aggregate, 1997.

CONCRETE BETON 5



