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INTRODUCTION

Yearly, around 12 billion tons of concrete is produced world-
wide. Ready Mix Concrete (RMC) plays a noteworthy role
in concrete industry due to the large quantum of concrete
being utilized every year. Though RMC has lots of advan-
tages, disposal of wastewater generated from RMC plants
which contains cement slurry sludge and unused concrete
aggregated is a great problem for RMC producers (Borger
etal. 1994, Chini & Muszynski 2001, Chatveera et al. 2006,
Chatveera & Lertwattanaruk 2009). At the end of each work
day the chutes, drums of concrete trucks, hoppers of con-
crete pump, conveyors, etc. should be cleaned thoroughly.
About 700-1300 litres of washout water, which contains
cement slurry sludge is generated (Ibrahin Al-Ghusain &
Mohammed Terro 2003, Low et al. 2007) and 8-10 tons of
fresh concrete waste is generated per day per plant due to
reclaiming of over-ordered concrete and cleaning of lefto-
ver concrete in mixing drums (Manzi et al. 2013). The pH
value of this washout water ranges between 12.5 and13.0
(Marco Paolini & Rabinder Khurana 1998). According to
Water Quality Act (Part 116), this wash out water is a haz-
ardous substance. If this wastewater is disposed in water
bodies, it will harm the aquatic living beings because the
aquatic life can live in water that has a pH range 6.5 to 9.0.
Fresh concrete waste is generally dumped into the landfills.
Nowadays, due to rapid urbanization and industrial growth,
the availability of landfills is considerably reduced with each

Pollution is a critical environmental issue. Currently an enormous amount of wastewater and fresh concrete
waste aggregates are being produced by the ready mix concrete industry throughout the world. The concrete
washout water and excess fresh concrete aggregates are hazardous for disposal due to their high pH value
(pH >12). Improper disposal of such wastewater and fresh concrete aggregates results in high environmental
pollution. This study envisages an overview of the current state of knowledge about the reuse of hazardous
wastewater and concrete in an environmentally acceptable manner. This study was motivated by the necessity
to recycle the wastewater and fresh concrete aggregates resulting from washing out the concrete mixing
trucks. Laboratory investigation was conducted and from the test results, it is identified that the performance
and properties of concrete is not affected by the reuse of this hazardous wastewater and recycled aggregates.

passing year. So the disposal of this waste is a great burden
for the concrete industry and improper disposal of such waste
results in many environmental problems (Yeong-Nain Sheen
et al. 2013, Shi-Cong Kou et al. 2012). Hence, reusing the
concrete washout water and aggregate in concrete has great
benefits in disposal cost as well as protection of the envi-
ronment from pollution (Sandrolini & Franzoni Elisa 2001,
Nan et al. 2002, Parker & Slimak 1977). Thus, this investi-
gation aims to reuse and study the effects of this washout
water and sludge on mechanical properties of concrete.

MATERIALS AND METHODS

Materials

Concrete washout water: Concrete washout water sam-
ples were collected from a ready mix concrete batching plant
and kept in tightly sealed plastic containers. The washout
discharge from truck wash contains cementitious materials
and chemical admixture residue. Due to high content of dis-
solved limestone solids, the washout water is caustic and
has a high pH value ranging between 12.5 and 13.0. In gen-
eral the washout water contains dissolved solids which in-
clude sulphates and hydroxides from cement, and chlorides
from the use of calcium chloride as admixture. The proper-
ties of potable water and washout water used in this study
are depicted in Table 1.

Recycled fresh concrete waste aggregate: Both natural
and recycled fresh concrete waste aggregates were used in
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Table 1: Chemical composition of slurry mixed washout water and potable water for significant parameters.
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Parameter Potable 20% Slurry 40% Slurry 60% Slurry 80% Slurry 100% Slurry
Water mixed Portable mixed Portable mixed Portable mixed Portable mixed washout
water water water water water
pH 7.76 1291 12.93 12.96 12.98 13.02
TDS (mg/L) 1472 3224 3734 4655 5395 5945
Chloride (mg/L) 148 153 161 165 170 179
Sulphate (mg/L) 135 139 146 152 161 169

this study. Recycled aggregate was obtained from a
reclaimer system of ready mix concrete plant. In order to
improve the quality of recycled fresh concrete waste aggre-
gate, Rinsed Air-Dried (RAD) method was used. The rinsed
air-dried aggregates were prepared by applying high pres-
sure water on the surface of the recycled aggregate, after
that the aggregates were thoroughly rinsed with water. Due
to the application of water, the maximum quantity of ad-
hering mortar, which is present in the surface of the recy-
cled aggregates, was detached. Then the aggregates were
dried at ambient temperature before using them in concrete.

Concrete constituents: Ordinary Portland cement of grade
53 was used in this study. Crushed angular aggregates of 20
mm size were used as coarse aggregate and natural river
sand was used as fine aggregate for the production of
concrete.

Methodology

In this study, the experimental part was divided into two
different sections; the first section focuses on the influence
of sludge water on the properties of concrete and the sec-
ond one deals with the role of recycled aggregate in con-
crete. Cement slurry mixed washout water was blended with
fresh potable water and used as mixing water for produc-
tion of concrete. The mixing water for the test concrete con-
sisted of 0%, 20%, 40%, 60%, 80 and 100% recycled wash-
out water blended with fresh potable water. In this study,
M, grade of concrete was used and the water cement ratio
was keptas 0.48. Mix SW , SW_, SW_, SW_ and SW_ denote
the concrete mixed with 20%, 40%, 60%, 80% and 100%
cement slurry mixed washout water. M, denotes the control
mix concrete made with potable water. Similarly the amount
of recycled fresh concrete waste aggregate content was var-
ied by replacing it with natural aggregate in various ratios.
Mix RAC »RAC,RAC,,RAC n RAC and RAC, denote the
concrete samples made with recycled fresh concrete waste
aggregate at natural aggregate level of 15 %, 20%, 40%,
60%, 80% and 100%.

In order to investigate the effects of washout water and
recycled aggregate on mechanical properties of concrete,
concrete cubes of size (100x100x100 mm), prisms of size

(500%100x100 mm) and cylindrical concrete specimens of
size (150300 mm) were cast. After 3, 7, 28 and 56 days of
curing, concrete cubes were tested for compressive strength.
Similarly, prism and cylindrical concrete specimens were
tested for flexural and split tensile strength after 7 days and
28 days of curing. Test results were compared with con-
crete specimens cast with fresh potable water and natural
aggregate.

RESULTS AND DISCUSSION

The compressive, flexural and split tensile strength of the
concrete samples, cast with fresh potable water, cement
slurry mixed washout water and recycled aggregates are
shown in Fig. 1 to Fig. 3. The compressive, flexural and
split tensile strength increase in mix SW  is noted. The test
results indicated that the strength of concrete samples made
with washout water exceeded in all testing ages with the
compressive strength reached by the reference mix, which
was produced with the exact same proportions but with fresh
water used as concrete mixing water. This could be due to
the fact that cement fines and dissolved solids present in
washout water could help improve the packing against the
surface aggregates of concrete. The test results clearly indi-
cate that the concrete washout water can be used as mixing
water in concrete without any dilution or treatment. If the
washout water, which contains cement slurry, is used as mix-
ing water, excess slurry in washout water reacts with hydrated
Portland cement and forms ettringite
(3Ca0.Al0,.3CaS0,.32H,0). Ettringite is a hydrous cal-
cium alumino sulphate mineral (white needle like crystals)
(Fig. 4); it forms due to a reaction of calcium aluminate
with calcium sulphate which is present in the slurry. This
ettringite may form a thick layer in the transition zone and
reduce the bonding between cement paste and aggregate
which results in lower compressive strength.

It can be observed that the compressive, flexural and
split tensile strength increase in mix RAC,. The strength of
concrete samples made with 15% recycled aggregate ex-
ceeds in all testing ages with the strength reached by the
reference mix. Test results clearly indicating that, up to 15%
recycled aggregate can be replaced for natural aggregate in
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Fig. 1: Compressive strength of concrete after 3, 7, 28 and 56 days of curing for various mixes.
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Fig. 2: Flexural strength of prisms after 7and 28 days of curing for various mixes.
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Fig. 3: Split tensile strength of cylinders after 7 and 28 days of curing for various mixes.
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concrete. Concrete containing 20% and more than that of
recycled aggregates attains less compressive strength than
the control concrete at all ages. The main reason for strength
reduction is that, more amount of recycled aggregates in-
creases the porosity of concrete, because the recycled fresh
concrete aggregates are porous in nature. Increase in poros-
ity results in weaker bonding between aggregate and cement
matrix. Hence, it is beneficial to replace 15% recycled ag-
gregate in concrete for better results.

CONCLUSION

The research findings suggests that the washout water can
be used as mixing water in concrete and 15% recycled ag-
gregates can be replaced instead of natural aggregate with-
out any adverse effects on mechanical properties of concrete.
This investigation clearly indicates that the problem of dis-
posing washout water and excess fresh concrete aggregate
from ready mix concrete plants in an environmentally ac-
ceptable manner can be eased by reusing the same in con-
crete. Instead of disposing this discarded hazardous waste as
pollutant in environment, it can be totally reused for making
concrete without any treatment, which helps in pollution con-
trol and sustainable development. On the whole the reuse of
washout water and recycled aggregate in concrete is advan-
tageous in both economical and environmental aspects.
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