ER]

Engineering Research Journal
Facuity of Engineering
Minoufiya University

REUTILIZATION OF RECYCLED CONCRETE AS CONCRETE
COARSE AGGREGATE

Ayman Gamal* and Faiz A. Mirza**

* Engineering Materials Dep., Faculty of Engineering,
Zagazig University, Zagazig, EGYPT.
** Civil Engineering Dep., Faculty of Engineering and Islamic Arch.
Umm - Elqura University, Maka, SUADI ARABIA

Abstract

Demolished concrete which became million tons annually, so reuse of these concrete represents
a new source of aggregate. The aim of this paper is to study experimentally the effect of using
recycled crushed concrete as a coarse aggregate in concrete mix. The main variables considered in
this study were the recycled concrete aggregate (RCA) content (0, 25, 50, 75 and 100% by weight)
as substitution of natural aggregate (NA) and Cement content (250, 300, 350 and 400 kg/m"). The
strength development under compressive and tensile stresses was measured. Test results showed
that the behavior of concrete that contained recycled concrete aggregate and that contained natural
aggregate are nearly the same uader compression and tension stress. The compressive strength
increases by increasing the recycled aggregate content from 25% up to 100%. The tensile strength
has optimum value at 50% recycled concrete aggregate content. Also it was found that the
compressive and tensile strengths of recycled concrete aggregate specimens were increased by
increasing cement content from 250 kg/m’ up to 400 kg/m’. This is mainly due to the high
reactivity of the recycled concrete and cause alkali-silica bi-reaction.
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INTRODUCTION

Use of wastes or by-products as aggregate has great
potential because 75% of concrete is composed of
aggregates. However, various materials such as
gravel, slags, burnt clay can be used as fine or course
aggregate. Concrete is the major contributor .to
construction and demolition waste that makes up to
around 40% of the total waste that ends up in a
landfill. The most common sources of waste are from
demolished concrete structures, fresh batch leftovers
and waste concrete cubes that have been tested for
compliance with building specifications. Therefore,
many researches are conducted in the field of

recycling concrete. Based on tests carried out on
different mixes, many investigations attempt to
develop data especially on the strength, failure
mechanism, and durability characteristics of the
recycled aggregate in comparison with conventional
concrete [1-4]. These investigations covered the
following aspects: i) An evaluation of typical
demolished local concrete rubble in terms of its
suitability as aggregate material source. ii)
Development of data on some of the engineering
properties of fresh and hardened concrete made from
recycled material for different w/c ratios and cement
contents. iii) Comparison with conventional control
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mixes in terms of strength, deformation and
durability characteristics for various w/c ratio and
different cement content. The results showed that for
a w/c of 0.35, the recycled aggregate concrete had
30% lower strength than that of the reference
concrete. The strength differential was narrowed by
increasing w/c ratios until the strengths were about
equal for a w/c ratio of 0.55. Variability of recycled
concrete aggregate and its effects on the properties of
concrete was studied [5,6]. Creation of buildings with
industrial made concrete containing recycled
aggregate was fried [7]. Use of recycled concrete
aggregate in high strength c oncrete was studied [8].
Dhir et al were studied suitability of recycled
concrete aggregate for use in BS5328 Designated
mixes as well as resolving the application issues with
the use of recycled concrete aggregate [9,10].
Karlsson et al [11] studied the demolition and
recycling of concrete in the Netherlands and also
studied reactivity in mortar phase in recycled
concrete aggregate. Many studies were evaluated
about the use of recycled concrete as a source for a
new aggregate [12,13].

Portland cement concrete can be reclaimed during
demolition operations and crushed into a coarse
granular material that can be used as a substitute for
crushed virgin rock. Aggregate processors are
beginning to accept reclaimed concrete for a "tipping
fee" significantly lower than the cost of l1and filling
the material and to supply recycled concrete
aggregate of sufficient quality for many applications.
The influence of aggregate derived from recycled
mineral building material on the stress-strain relation
of concrete was studied [14,15]. The concrete
mixtures consist of natural dense aggregate,
aggregate derived from concrete demolition and
brick demolition materials with d ifferent grain sizes
and varying quantities. All concrete mixtures
containing the same cement type, and w/c ratio.

The results showed that the deformation of the test
samples increasing with raising the amount of
recycled demolition material. Aggregate derived
from recycled clay, has the highest influence. The
deformation under maximum stress for concrete
made of 100 % recycled concrete rubble is 20 %
higher than the deformation of concrete made of 100
% natural dense aggregate. By replacing 100 % of
the natural aggregate by recycled clay, the
deformation rises about 30 %. No definite changes in
the compressive strength of concrete with recycled
demolition aggregate compared to that with 100 %
natural dense aggregate were observed [15].

Recycled concrete aggregate is increasingly available
and is often an economical alternative to new
aggregate. Project managers can ensure that their
contractors are aware of opportunities to recycle this

material and can require the use of recycled material
in construction. Users of recycled concrete aggregate
should take customary precautions to ensure that the
material is suitable for the intended application.

The main objective of this study is to investigate the
effect of using crushed waste concrete as coarse
aggregate in concrete on the development of concrete
strength for different cement content.

EXPERIMENTAL PROGRAM

Within the scope of this study, different concrete
mixtures were manufactured to determine the
influence of aggregate derived from recycled mineral
building material referring to tensile and compressive
strength of concrete. These concrete mixtures consist
of natural dense aggregate, aggregate derived from
concrete demolition. All concrete mixtures contained
the same cement-type, cement quality and water-
cement-ratio. The main variables, material properties,
experiments on recycled and natural aggregate, mix
design, casting and tested models are described as
follows:

Variables

All concrete mixtures contained the s ame ¢ ement-
type, cement quality and water-cement-ratio equals to
0.5. The main variables considered in this study were
the content of recycled aggregate (0, 25, 50, 75and
100% by weight) as substitution of natural aggregate
and the cement content (250, 300, 350 and 400
kg/m” as reported in Table (1).

Materials properties

A locally produced ordinary Portland cement (Type
I) was used in this investigation. Recycled concrete
aggregates with nominal maximum size of 20 mm
(0.8 in) were used as coarse aggregate. These
aggregates were brought from quality control lab test
samples of ready mixed concrete plant. The
aggregates were crushed by hand into small pieces
and separated from fine aggregate by using sieve
No.4. Natural aggregate (crushed stone) was used; it
was free from any undesirable impurities and with
aggregate of size 20 mm. Natural fine clean sand free
from any impurities such that silt, clay and organic
compounds was used. The fine aggregate was
confirmed the ASTM requirements (ASTM C-33)
[16].The water that used in mixing and curing of all
concrete mixes and specimens was clean fresh water
free from any impurities. The used superplasticizer is
based on selected sulphonated naphthalene polymers
and is free from chlorides. It is supplied as a brown
solution which instantly disperses in water.

Specimens and Test procedure

The primary tests such as specific gravity, unit
weight, water absorption and Los Angeles were
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carried out for both RCA and NA. Internationally,
the most frequently used paste for aggregate abrasion
resistance is probably that employing the Los
Angeles apparatus [17].

The compression and splitting tensile tests were
carried out according to B.S. 1881.52 [18], on
standard cubes (15x 15x15 cm) and standard
cylinders (15 cm in diameter and 30 cm in height).
Three cubes and ¢ ylinders were cast form each mix
and cured in clean water for 28 days. T he crushing
load was recorded to determine the compressive
strength or splitting tensile strength of concrete
samples using compression testing machine.

RESULTS AND DISCUSSIONS

It is known that the physical properties of the
concrete aggregate as specific gravity, water
absorption and moisture content play an important
role on the ultimate aggregate reactivity for aggregate
cement bond strength. Table (2) shows the primary
test results for these ¢ haracteristics o f both types of
the aggregate used in this investigation. The specific
gravity for natural aggregate (crushed stone) and
recycled concrete aggregate were nearly equal, while
the water absorption of recycled concrete aggregate
(highly porous) was about two times the water
absorption of natural aggregate.

Table 1: Experimental program.

Recycled Coiienit

Compressive Strength

Tensile Strength

Concrete

Aggregate 3
content (%) (Kynr)

Content

Test Age (days)

14 28 3 7 14 28

250 - -

300 - -

350 - -

400 - -

250 - -

300 - -
25

350 - -

400 - ”

250 - -

300 - -
50

350 - -

400 - -

250 - -

300 - -

75
350 - -

400 - -

250 - .

300 & 3
100

350 - -

400 - -

*Three samples were preformed for each test condition.
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Table 2: Results of primary tests.

Experiment Natural Recycled Standard*
Specific Gravity 23 2.61 2.6-2.9
Water Absorption (%) 213 4.26 1.7
Moisture Content (%) 21 2.23 --
Unit Weight (kg/m") 1720 1440 1750-1800
Los Angeles (%) 37 27.28 10-45
* ASTM 1992.

Therefore, the increase of water absorption of
recycled concrete must be taken into consideration in
the design of concrete mix to avoid absorption of
mixing water. The unit weight of the recycled
concrete aggregate is also lower than natural
aggregate by about 20%, so the density of c oncrete
made from recycled aggregate is lower than that
made from natural aggregate. This may be due to the
higher porosity of recycled concrete aggregate
particles compared to natural aggregates. Also it was
observed that recycled aggregate give a better results
rather than natural aggregate especially in abrasion
resistance; this mainly attributed to the presence of
well crystalline calcium silicate hydrate s urrounding
the aggregate particles in case of recycled concrete
causes more aggregate- surface resistance for
degradation.

The physical and mechanical properties of concrete
made with recycled concrete aggregate appear
generally inferior to those of comparable concretes
made using high quality natural aggregate [19].Table
(3) shows the average compressive and tensile
strength test results. These data were graphically
represented in Figs. (1, 2), it explains the effect of
recycled aggregate content at different cement
contents on compressive and tensile strength,
respectively. At 250 kg/m’ and 300 kg/m’ cement
content, the compressive strength has a higher value
at 50% recycled concrete aggregate. While with
using 350 kg/m’ cement content, the compressive
strength of recycled concrete was increased with the
increase in the percent of recycled aggregate, and
showed the highest value at 100% recycled concrete
aggregate. Similar observation was found for tensile
strength with little effect of recycled concrete
aggregate content. For cement content 350 and 400
kg/m®, the higher value of tensile strength was
recorded at 50% of recycled concrete aggregate, this
is due to the presence of some remaining calcium
silicate hydrates (C-S-H), which acting as nuclease
for the more formation and accumulation for more
silicate compounds resulting well crystalline network

and finally good cement aggregate bond strength.
Generally, the compressive strength of the concrete
with recycled aggregate is better than that observed
with natural aggregate used.

The compressive strength of recycled concrete
aggregate specimens was plotted for different cement
contents in Figs. (3-6). Generally, it was observed
that the behavior of recycled concrete aggregate
specimens under compression is similar for all
recycled aggregate contents (0, 25, 50, 75, and
100%), and the rate of strength gaining was nearly
the same and equal to 0.5. Also, it was found that
with increasing cement content the compressive
strength increases by a higher values than that
recorded for 0% recycled concrete aggregate,
specially at cement contents of 300 and 3 50 k g/m’,
this is mainly due to the more cement hydration
products w hich responsible to the concrete strength.
The rate of strength gaining up to 7 days was higher
than that occurred after at 28 days.

Similar behavior was observed for all types of
concrete specimens and the rate of strength gaining
was nearly the same and equal to 0.6 for 400 kg/m’
cement content recycled concrete aggregate mixture
and it can be concluded that there is no any negative
effect of using recycled concrete aggregate by any
ratio on the development of concrete compressive
strength up to 28 days.

The behavior of recycled concrete aggregate
specimens under tension for different ratios of
recycled concrete aggregate content was presented in
Figs. (7-10) for cement content 250, 300, 350 and
400 kg/m™ respectively. It was observed that the
tensile s trength increased by nearly constant rate up
to 28 days for all cement contents and different ratios
of recycled concrete aggregate. Also, specimens
contained 50 % recycled concrete aggregate showed
a better behavior for cement contents of 250 and 300
kg/m’ rather than for 350 kg/m® cement content. The
tensile strength of recycled concrete aggregate
specimens was greater than or nearly equal to that
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recorded for normal concrete specimens of 0%
recycled concrete aggregate.

For 400 kg/m’ cement content, similar behavior for
all types of concrete specimens up to 7 days was
observed, except at 25% recycled concrete aggregate.
The rate of strength gaining was nearly increased,
while for 25% recycled concrete aggregate was

decreased. After 7 days and up to 28 days, the rate of
strength gaining was nearly increased.

There are an observable influence of recycled
aggregate core moisture on freshly and hardened
concrete properties [20.21]. Indeed some porous
aggregates similar to recycled concrete aggregate can
have beneficial influence, for example by acting as a

water reservoir to assist later hydration of cement.

Table 3 : Average compressive and tensile test results

Recycled . Compressive Strength, MPa Tensile Strength, MPa
Concrete E.é =
Aggregate § Tg’ Test Ages ( Days ) Test Ages ( Days )
content g %
(%) o 3 7 14 28 3 7 14 28
250 15.16 | 16.94 | 2439 | 2850 1.19 1.93 2.14 2,73
. 300 16.90 | 21.72 | 24.64 | 2940 | 1.42 1.80 | 2.28 | 2.80
350 1995 | 26.54 | 27.87 | 28.80 1.75 2.03 2.54 3.53
400 27.44 | 3046 | 36.60 | 46.73 | 220 | 241 291 3.63
250 1643 | 21.73 | 24.84 | 29.91 125 1.80 2.18 2.63
g 300 19.03 | 2441 | 28.00 | 34.25 1.54 1.97 2.54 2.90
350 22.93 | 2579 | 30.22 | 36.95 1.79 2.10 2.54 3.14
400 2349 | 26.75 | 31.65 | 3761 | 2.00 | 2.04 | 261 3.30
250 19.34 | 22.05 | 2637 | 31.84 | 1.59 1.92 | 2.73 2.85
2 300 23.64 | 2820 | 3295 | 3926 | 1.93 2.20 3.11 322
350 22.19 | 28.67 | 3441 | 4056 | 1.80 | 235 3.01 3.35
400 25.23 | 31.68 | 33.07 | 39.43 2.02 2.51 3.21 3.55
250 1690 | 22.09 | 2245 | 29.78 | 147 209 | 223 2.46
2y 300 20.52 | 2746 | 2956 | 3336 | 1.79 | 243 2.45 2.72
350 2526 | 30.84 | 32.82 | 36.61 | 2.04 | 2.60 3.12 | 3.19
400 26.61 | 31.51 | 37.75 | 43.51 2.14 2.92 3.01 3.31
250 1529 | 21.79 | 22.59 | 2459 | 1.24 1.57 1.87 2.31
0 300 21.85 | 2896 | 33.10 | 3458 | 1.55 2.38 248 | 258
350 27.90 | 32.83 | 37.01 | 41.13 2.16 217 2.57 2.95
400 2442 | 3333 | 3847 | 4041 | 1.71 257 | 279 3.10
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Fig. (6): Development of concrete compressive
strength of recycled concrete aggregate mix
at 400 kg/m’ cement content
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CONCLUSIONS

Based on the results of present study, the following
conclusions can be drown:

1- The realized inquests give an answer to the
question, if the used aggregate causes some
negative effects on the compressive strength.

2- The result of this study shows, that there is little
decrease in the compressive strength, when
aggregate derived from recycled concrete is used.
Building components made of concrete with
recycled aggregate, can be designed with the same
characteristic values as components of concrete
made with natural aggregate.

3- Portland cement concrete can be reclaimed during
demolition operations and crushed into a coarse
granular material that can be used as a substitute
for crushed virgin rock. The behavior of concrete
made from recycled concrete aggregate and natural
aggregate were nearly the same under compression
and tension test.

4- The compressive strength of recycled concrete was
increased by increasing the recycled aggregate
content from 25% up to 100%, but still lower than
that obtained from natural aggregate by about
13.5%.

5- The tensile strength had an optimum value at 50%
recycled concrete aggregate content, but still less
than that obtained from natural aggregate mixture
by about 17%. Increasing cement content from 250
kg/m’ up to 400 kg/m’ increased the compressive
and tensile strength of recycled concrete aggregate
specimens.
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