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ABSTRACT

Self-curing concrete is one of the important new types of concrete due to the scarcity of water
especially, in the desert areas. Recycling waste demolitions as coarse aggregates for concrete is one of the
recent solutions to reduce its bad impact on the environment. In this research, the both types will be
combined. This research aims to investigate the behavior of recycled aggregate self-curing concrete under
elevated temperatures. The main variables are; aggregate types (recycled vs. natural), elevated
temperatures (200°C, 400°C, and 600°C), cooling methods (in the air or by using water), and storage time
after cooling (for 1 or 28 days). Results are driven in terms of compressive, splitting tensile, flexure, and
bond strengths. Test results showed that the recycled aggregate self-curing concrete could be used under
elevated temperature considering a strength loss. The use of self-curing and recycled aggregate self-curing
concrete may be considered as an alternative solution to the use of conventional curing concrete for
infrastructures. Using crushed ceramics as a coarse aggregate at elevated temperature is efficient. The use
of recycled aggregate self-curing concrete may consider as an alternative solution to the use of
conventionally cured concrete in infrastructures. Firefighting is not recommended by using water due to
its bad effects after cooling.
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1. Introduction

There are two cases of fire effects on concrete.
Direct fire and indirect fire effects, which
considered as elevated temperatures. Fire or
elevated temperatures affect badly on most types of
concrete, especially when the concrete strength
increased [1]. Several researchers have studied
normal strength concrete (NSC) subjected to fire or
elevated temperatures under the effect of varying
aggregate types, high temperature, heating rate,
cooling rate, and storage time after the test [2, 3, 4,
5]. Increasing heating time and heating temperature
decreases the residual concrete strength for most
types of concretes [3, 4, 6]. Cooling system and
storing time after heating are important factors
affecting strength loss of concrete despite its type
[5, 4]. During heating samples, the strength of
concrete decreases with a range of 15-40%, 55-
70% for temperatures of 300°C and 550°C,
respectively of its original value [2, 7]. The range
between 400°C and 800°C is critical to the strength
loss [8]. At a temperature of over 600°C, common
concretes suffered deterioration and only a small
part of the initial strength is left, ranging from 7%
to 25% [9]. The temperature exposure exceeds
700°C is not recommended for conventional
concrete [10]. The surface cracks become visible

when the temperature reaches 600°C. The cracks
are very pronounced at 800°C and increase
extremely when the temperature is increased to
1000°C [11]. Previous experiments on concrete
under high temperatures have mainly concentrated
on the reduction of stiffness and strength
properties. Only a few studies are concerned with
the combined effect of high temperature and
heating time on the residual strength of concrete [3,
12].

Curing of concrete can be performed externally by
adding water or by preventing internal water to be
evaporated. Also, internal curing "IC" which is
curing concrete without using any external water or
external curing can be conducted by using two
techniques, permeable aggregates (which acts as
internal  reservoirs such as wood powder,
lightweight aggregates such as lightweight sand
"LWS" or lightweight aggregates "LWA" or by
using chemical curing agents such as chemical
additives (super-absorbent polymers "SAP" and
shrinkage reducing admixture "SRA") [13]. Self-
curing (SC) concrete is a type of concrete, which
did not need conventional curing after molding
concrete that is based on the technique [14].

It behaves well under elevated temperatures with
acceptable durability [4, 15]. The compressive
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strength will be enhanced by the reduced shrinkage
rising from water evaporation, making it ideal for
concrete placing without any external curing [16,
17].

To reduce the risk of cracking in concrete caused
by drying shrinkage, using SRA is recommended
[18, 19]. The risk of cracking related to drying
shrinkage can be mitigated but not eliminated by
using SRA to reduce the shrinkage [20]. Using
polyethylene glycol 400, "PEG 400" is more
effective than most valid curing compounds to
obtain SC concrete [21]. It acts as a chemical
curing agent to reduce water evaporation by
increasing its viscosity.

In recent years, using waste construction materials
become an essential need to reduce their bad
impact on the environment. Several researchers
suggest using it as coarse aggregates for concrete
[22, 23, 24, 25, 26, 27, 28]. Concrete casts using
recycled aggregates (RA) as coarse aggregate is
less suitable for structural concrete.

The compressive strength of recycled aggregate
concrete "RAC" is lower than that of conventional
concrete, but when using recycled aggregate with
self-curing concrete "SC-RA" the obtained strength
is comparable to conventional concrete cast using
recycled aggregates [29, 28]. Using dolomite as a
concrete coarse aggregate with self-curing concrete
is more efficient than using recycled aggregates
such as crushed concrete or crushed bricks with
self-curing concrete [28].

When considering the SC at elevated temperature,
the reduction of the strength of SC is dependent on
target temperature, heating time, and cooling
method. Increasing temperature and time led to a
decrease in the strength of SC samples [4]. Left
samples in the air are better than cooling using
water [4]. Using recycled coarse aggregate with SC
concrete  mixes  affecting in  decreasing
compressive, splitting tensile, and flexural
strengths, compared to that using dolomite as a
natural aggregate [30]. The residual compressive
strength decreases as increasing the elevated
temperatures [3, 4].

In this research, the behavior of self-curing
concrete cast using recycled aggregates to obtain
recycled aggregate self-curing "RA-SC" concrete is
studied. In addition, the performance of this
concrete type under the effect of indirect fire
effects (elevated temperatures) compared to using
dolomite as natural coarse aggregate studied.

2.Research Significance
This study aims to investigate the effects of
elevated temperature, cooling methods, and storage
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time after exposure to elevated temperatures on
recycled aggregate self-curing "RA-SC" concrete
compared to self-curing "SC" concrete. The
importance of this work is based on the need to
know the data available addressing the behavior of
RA-SC under the effect of elevated temperature.
This study provides data concerning the main
mechanical properties of RA-SC under high
temperatures. The innovations in this research are
the use of different recycled coarse aggregates with
self-curing concrete to obtain applicable RA-SC
concrete. Also, the effect of elevated temperature
on RA-SC concrete considering the cooling
methods and storage times.

3.Experimental Program

The experimental program is shown in Fig. (1). All
tests in this study are carried out in the
Construction Materials Laboratory in the Civil
Engineering Department, Faculty of Engineering,
Menoufia University.
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Fig. 1: The flow chart of the experimental
program.

3.1. Materials

The cement used was the ordinary Portland cement
CEM 1 425 N. It obtained from the Lafarge
Cement Factory. It satisfies the Egyptian Standard
specification (E.S.S. 4756-1/2013) [31] and its
properties are given in Table (1).
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Table 1: Main properties of the cement used

E.S.S. 4756-
I Test 1/2013
Test Description Results  Specification
Limits
Specific gravity 3.15 3.15
Wate:r percentage for the standard 27% 25.30
consistency wi/c % of paste.
L . . hr : Not less than
Setting time (.Vl(;i:ttiijt). min 45 min.
e Final 1:20 Not more
5:30 than 10 hr.
The fineness of hydraulic cement ( 79 Not more
sieve No. 170) than 10%
Compressive Strength:
2 days 10 8 (MPa)
28 days 42 40 (MPa)
Sandiness expansion 1 Not more
(le-chatalies test) (mm) than 10 mm

The fine aggregate used was the natural siliceous
clean and nearly free from impurities sand with a
specific gravity 2.6 t/m® and a fineness modulus 2.52
that satisfies the (E.S.S 1109/2008) [32]. Its grading is
given in Table (2) while its mechanical properties are
given in Table (3). Two types of coarse aggregates
were used natural and recycled aggregates. The
dolomite as a natural aggregate and three types of
recycled aggregates (crushed concrete, crushed
ceramics, and crushed red bricks) were used. Recycled
coarse aggregates with a 100 % replacement ratio of
dolomite having a maximum nominal size of 20 mm
were used. Physical and mechanical properties of
coarse aggregate used are given in Tables (4) satisfies
the (E.S.S 1109/2008) and (ASTM C-33) [32, 33]. The
shape of those particles is irregular and angular with a
very low percentage of flat particles. Water used was
drinkable clean water, fresh and free from impurities.
It was used for mixing the concrete of tested samples
according to the Egyptian Code of Practice (E.C.P.
203/2018) [34].
Table 2: Grading of fine aggregate according to

(ASTM C33)

Sieve Size  %Passingof % Passing
(mm) sand used (ASTM C33)
9.5 100 100
4.75 100 100 - 95
2.36 94 100 - 80
1.18 80 85 -50
0.61 50 60 - 25
0.31 15 30-5
0.16 0 10 -0
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Table 3: Physical and mechanical properties of sand

used
Description Value
Volume weight (t/m%) 1.73
Specific gravity 2.6
% absorption (%) 0.78
Void ratio (%) 33.81
Fineness modulus 2.61

Table 4: Physical properties of the coarse aggregates

used
Property D CC CY CRB
Specific gravity
(Kg/em®) 26 24 2.3 1.6
Absorption (%) 0.6 3 6.4 114
Aggregate
crushingvalue 16.6 249 168 50.5

(ACV) (%)
D= Dolomite, CC= Crushed Concrete,
CC= Crushed Ceramics, CRB= Crushed Red Bricks

Two chemical admixtures were used. The first is a
high-range water-reducing admixture (HRWRA). It
was often referred to as super-plasticizers that help in
increasing the workability of concrete without the
additional amount of water. A naphthalene sulphonate
group-based super-plasticizer, supplied by Chemicals
for Modern Buildings Company (CMB) under the
brand name of Addicrete BVF was chosen to be used
in this study. Its base is Naphthalene sulphonate, in a
liquid state with a Brown color. Its density is
1.18+0.01 kg/lit with a nil amount of chloride content
and air entrainment (As provided by the manufacturer).
The used super-plasticizer complies with (ASTM
C494-Type F) [35]. The second is a self-curing
chemical agent. In this study, polyethylene glycol
"PEG 400" in a liquid form for internal curing of
concrete was used. It is free from chlorides and
produces an internal membrane, which protects and
prevents fresh concrete from over-rapid water
evaporation. Its average molecular weight is 380-420.
Hydroxyl Number is 264 to 300 Mg KOH/g. Melting
or Freezing range is 4-8°C. It is complete soluble in
water at 20°C %. Its viscosity at 100°C is equal to 7.3.
Its Liquid Density is 1.1255, 1.0931 and 1.0769 g/cc at
temperatures of 20°C, 60°C and 80°C, respectively (As
provided by the manufacturer). The agent was
obtained from Morgan Chemicals Pvt. Ltd, Egypt.
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3.2. Concrete and Tested Samples

The concrete mixes are shown in Table (5). The mix
proportions were chosen based on previous research
conducted by Bashandy et al., 2016 [28]. The concrete
was evaluated in terms of a slump test (as a fresh
concrete property) and terms of compressive, splitting
tensile, flexure, and bond strengths (as hardened
concrete properties). Samples were cast using concrete
mixtures then stored at room temperature (25° C) and
relative humidity of approximately 72% for 28 days. A
total number of 156 samples were cast for each test.
For each test, three samples were used then their
average is obtained. Cubes (100x100x100 mm) were
used to evaluate compressive strength, cylinders
(100x200 mm) were used to obtain splitting tensile
strength, prisms (100x100x500 mm) were used to
obtain flexure strength, and cubes (150x150x150 mm)
with embedded rebars of 10mm diameter and 160mm
height were used to have bond strength.

Table 5: Concrete mixes used

Type of coarse D cc cy CRB

aggregate
MD MC MY MB

Mix.
Cement (kg/m°) 350

w/C* 0.5

Sand (kg/m?) 614.8 598.8 565.6 433.9

Corse
aggregate
(kg/m°)

1229.6 1197.6 11312 867.9

Super-
plasticizer 35
(kg/m?)

Chemical agent
PEG400
(kg/m’)

1.75

F., 28 days

(MPa) 24 18.5 26.8

11.8

Slump (mm) 225 215 230 205

D= Dolomite, CC= Crushed Concrete, CC= Crushed
Ceramics, CRB= Crushed Red Bricks, W/C = Water to
cement ratio.

3.3. Testing Methodology and Elevated
Temperatures

The experimental program was divided into two

stages. The first stage was conducted to obtain the

main properties of recycled aggregates self-curing RA-

SC concrete. The second stage was conducted to study

the effect of exposure to elevated temperatures (200

°C, 400 °C, and 600 °C measured at the core of each

sample by using thermo-cables) then left at that
temperature for 1 hour. After that, the samples were
cold down by using one of two methods (left in the air
or immersed in water at 25°C). To cooling in air, the
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samples were cooled at laboratory temperature at 25 °C
as a slow cooling method while cooling by using
water; samples are immersed in the water at 25 °C as a
fast cooling method. The samples were stored in a
laboratory atmosphere after exposure to elevated
temperatures for 1 or 28 days as storage time, and then
tested to judge the RA-SC concrete characteristics.

4. Test Results

The results obtained from the performed tests on self-
curing concrete cast using recycled aggregates under
the effect of elevated temperature are discussed in this
section in terms of; the effects of aggregate type,
temperature degree, cooling method and storage time.

4.1. Effects of Coarse Aggregate Type on RA-SC
Concrete

After casting the concrete samples, they left in
laboratory temperature for 28 days, then tested as a
control sample to get their main mechanical properties
(compressive, splitting tensile, flexure, and bond
strengths). The obtained results are shown in Figs. (2)
to (5).

All test results were compared to samples cast using
dolomite (as a natural aggregate) at the same
temperature. The values of compressive, splitting
tensile, flexure, and bond strengths were decreased
when using RA. As using crushed concrete, crushed
ceramics, and crushed red bricks the strengths decrease
by a range of 15.4-36.5 %, 4.3-16.1 %, and 33.3-
55.6 %, respectively compared to those cast employing
dolomite as coarse aggregate. Using crushed ceramics
as a recycled coarse aggregate with self-curing
concrete is more efficient compared to other types of
recycled aggregates used. That may because of its
small crushing factor compared to other recycled
aggregates used, which led to a higher strength. Based
on the obtained results, recycled aggregates concrete
"RAC" is less suitable for structural concrete
compared to natural aggregate but it may be
considered when casting nonstructural concrete as an
economic alternative.
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Fig. 2: Compressive strength values of self-curing
concretes with different types of recycled coarse
aggregates compared to that cast using dolomite after

28 days.
&35
= u(C-28
P 3
225
g
h 2
[}
=15
c
e 1
2os
£
2 0
@ Dolomite  Crushed Crushed Crushed
Concrete  Ceramics Red Brick
COARSE AGGREGATE

Fig. 3: Splitting tensile strength values of self-curing
concretes with different types of recycled coarse
aggregates compared to that cast using dolomite after

28 days.
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Fig. 4: Flexural strength values of self-curing concretes
with different types of recycled coarse aggregates
compared to that cast using dolomite after 28 days.
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Fig.5: Bond strength values of self-curing concretes
with different types of recycled coarse aggregates
compared to that cast using dolomite after 28 days.

4.2. Effects of Elevated Temperature on RA-SC
Concrete

The residual strength of RA-SC concrete is affected

mainly by the target temperature and cooling method

as show in Figs. (6) to (21).
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When considering the cooling at air, after exposing to
200°C then cooled at air, then stored for 1 day, the
strength values decrease when cast using crushed
concrete, crushed ceramics, and crushed red bricks by
a range of 17.8-37.8 %, 5-13.5 %, and 32.5-60.3 %,
respectively compared to those cast using dolomite as
a coarse aggregate. As increasing the storage time to
28 days after cooling, the strengths of the RA-SC
concrete cast using crushed concrete, crushed
ceramics, and crushed red bricks decreased by a range
of 17.8-38.4 %, 2.9-13.7 %, and 32.6-60.3 %,
respectively compared to that cast using dolomite.
That may refer to their crushing factor and the weak of
crushed red bricks compared to other types used.

After exposing to 400 °C then cooled at the air then
stored for 1 day, the strength values decreased when
cast using crushed concrete, crushed ceramics, and
crushed red bricks by a range of 24.9-39.2 %, 4.5-
13.9 %, and 36-53.2 %, respectively compared to those
cast using dolomite as a coarse aggregate. As
increasing the storage time to 28 days, the strengths of
the RA-SC concrete cast using crushed concrete,
crushed ceramics, and crushed red bricks decreased by
a range of 25.6-37.2 %, 0.4-12.9 %, and 35.6-53.6 %,
respectively compared to that cast using dolomite. That
may refer to their crushing factor and the presence of
voids.

After exposing to 600 °C then cooled at the air, then
stored for 1 day, the strength values decreased when
cast using crushed concrete, crushed ceramics, and
crushed red bricks by a range of 25.4-54.5 %, 4.2-
27.3 %, and 42-57.6 %, respectively compared to that
cast using dolomite as coarse aggregate. As increasing
the storage time to 28 days, the strengths of the RA-SC
concrete cast using crushed concrete, crushed ceramics,
and crushed red bricks decreased by a range of 25.2-
54.7 %, 0.4-27.1 %, and 42.5-57.1 %, respectively
compared to that cast using dolomite. That may refer to
the small crushing factor of crushed ceramics followed
by crushed concrete used.

When considering the cooling by using water, after
exposing to 200 °C then cooled by using the water then
stored for 1 day, as using crushed concrete, crushed
ceramics, and crushed red bricks the strength values
decreased by a range of 31.2-47.8 %, 2.3-14.2 %, and
36.5-55.9 %, respectively compared to that cast using
dolomite as coarse aggregate. As increasing the storage
time to 28 days, the strengths of the RA-SC concrete
cast using crushed concrete, crushed ceramics, and
crushed red bricks decreased by a range of 31.5-
45.8 %, 2-13.6 %, and 36.8-55.4 % compared to that
cast using dolomite as a coarse natural aggregate.

After exposing to 400 °C then cooled in the water then
stored for 1 day, when using crushed concrete, crushed
ceramics, and crushed red bricks the strength values
decreased by a range of 27.7-37.5 %, 3.9-14.8 %, and
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35.7-52 %, respectively compared to that cast using
dolomite as coarse aggregate. As increasing the storage
time to 28 days after tests, the strengths of the RA-SC
concrete cast using crushed concrete, crushed
ceramics, and crushed red bricks decreased with ranges
of 25.7-37 %, 2.5-145 %, and 34.9-51.4 %,
respectively compared to that cast using dolomite.
After exposing to 600 °C then cooled in the water, then
stored for 1 day, as using crushed concrete, crushed
ceramics, and crushed red bricks the strength values
were decreased with ranges of 23-57.6 %, 4.4-40.3 %,
and 40.5-59.4 %, respectively compared to that cast
using dolomite as coarse aggregate. Therefore,
increasing the storage time to 28 days, the strengths of
the RA-SC concrete cast using crushed concrete,
crushed ceramics, and crushed red bricks were
decreased with ranges of 19.4-58 %, 3-39.8 %, and
39.3-59 %, respectively compared to that cast using
dolomite. This could be attributed to the effect of heat
stability of ceramics due to its manufacturing
compared to those of crushed concrete and crushed red
bricks.

Comparison of the residual compressive strength test
results, the residual splitting tensile strength, flexure,
and bond strengths of RA-SC concrete. It is interesting
to note that there is always drop continuously as the
temperature is elevated as shown in Figs. (6) to (21).
Concrete undergoes a significant change when exposed
to high temperatures resulting in changing in structural
properties. The residual strength decreases as
increasing the exposure time to an elevated
temperature in accordance with the previous researches
for SC concrete and RA concrete [5, 4, 3, 36].

At the elevated temperatures used (200 °C, 400 °C, and
600 °C), cooling methods used (air or water cooling
methods) and storage time 1 day or 28 days after
testing) all results decrease compared to the results of
the control sample. Strength results (compressive,
splitting tensile, flexure and bond strengths) decreased
for each recycled coarse aggregate type used in this
study by a range of 1.4 — 69.4 % as shown in Table (5).
The results are comparable to those for SC concrete
obtained by Bashandy, 2015 [4, 10].

4.3. Effects of Storage Time after Exposing to
Elevated Temperatures

The effects of storage time (for 1 or 28 days after
exposure to elevated temperatures) on RA-SC concrete
are shown in Figs. (6) to (21). The decrease in the
strength of SC and RA-SC concretes increases with the
rising of temperature.

For samples cooled in the air then tested after 28 days,
all strength results (compressive, splitting tensile,
flexure, and bond strength) decrease for all coarse
aggregate types compared to the same obtained results
when tested after a storage time of 1 day at each
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elevated temperature (at 200, 400 and 600 °C) by a
range of 1.1 — 10.5 % as showed in Table (7).

For samples cooled by using water then tested after a
storage time of 28 days, all strength results increased
compared to the same samples tested after a storage
time of 1 day at each elevated temperature with a range
of 0.6-7.5 % as showed in Table (6). This may be
referred to the re-arrangement of the internal stresses
in the concrete during the storage time of 28 days.
Increasing the storage time for RA-SC concrete after
cooling in the air increases their residual strengths.

4.4. Effect of Cooling Methods on RA-SC Concrete
The effects of cooling RA-SC concrete after exposure
to elevated temperatures were compared to those
samples cooling in the air as a slow cooling method are
shown in Figs. (6) to (21). The values of compressive,
splitting tensile, flexure, and bond strengths decreased
for each change in coarse aggregate type.

After exposing to 200 °C then cooled in water then
stored for 1 day, when cast using dolomite, crushed
concrete, crushed ceramics, and crushed red bricks the
strengths were decreased with ranges of 10.7-32 %,
17.1-34 %, 17.6-27.8 %, and 12.9-30.3 %, respectively
compared to those of the samples cooled in air such as
slow cooling method. As increasing the storage time to
28 days, the strengths of the concrete cast using
dolomite, crushed concrete, crushed ceramics, and
crushed red bricks were decreased with ranges of 7.2-
29.3 %, 13.2-29.6 %, 14.2-25.5 %, and 7.5-26.1 %,
respectively.

After exposing to 400 °C then cooled in water then
stored for 1 day, as cast using dolomite, crushed
concrete, crushed ceramics, and crushed red bricks the
strengths were decreased with ranges of 15.8-49.3 %,
13.4-43.3 %, 12.8-47.9 %, 15-45 %, respectively
compared to those samples cooled in air. As increasing
the storage time to 28 days, the strengths of the
concrete cast using dolomite, crushed concrete,
crushed ceramics, and crushed red bricks were
decreased with ranges of 5.3-46.3 %, 9.5-38.7 %, 9.1-
41.8 %, and 7.8-38.7 %, respectively.

After exposing to 600 °C then cooled in water, then
stored for 1 day, once cast using dolomite, crushed
concrete, crushed ceramics, and crushed red bricks the
strengths were decreased with ranges of 8.4-38.4 %,
14.5-35.5 %, 24.8-38.5 %, 12.3-36.4 %, respectively
compared to those samples cooled in air. As increasing
the storage time to 28 days, the strengths of the
concrete cast using dolomite, crushed concrete,
crushed ceramics, and crushed red bricks decreased by
a range of 1.8-31.9 %, 8.1-28.6 %, 18.9-33.6 %, and
6.1-28 9%, respectively compared to their original
values. The lower decrease in crushed red bricks could
be attributed to the presence of voids that afford a
place to expand during elevated temperatures.



Alaa A. Bashandy, Noha M. Soliman, Mohamed I. Nemr, ""Recycled Aggregate Self-Curing Concrete
Under Elevated Temperatures™

Air-cooling (as a slow cooling method) is more Fig. 8: Compressive strength values of the self-curing
efficient compared to water-cooling (as a fast cooling concrete cast using crushed ceramics as recycled
method) after exposure to high temperatures. That may coarse aggregates.
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Fig. 13: Splitting tensile strength values of the self-
curing concrete cast using crushed red bricks as
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Fig. 14: Flexure strength values of the self-curing

concrete cast using dolomite.
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Fig. 15: Flexure strength values of the self-curing
concrete cast using crushed concrete as recycled
coarse aggregates.
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Fig. 16: Flexure strength values of the self-curing
concrete cast using crushed ceramics as recycled
coarse aggregates.
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Fig. 17: Flexure strength values of the self-curing
concrete cast using crushed red bricks as recycled
coarse aggregates.



Alaa A. Bashandy, Noha M. Soliman, Mohamed I. Nemr, ""Recycled Aggregate Self-Curing Concrete
Under Elevated Temperatures*

Bond Strength (MPa)
[=2]

4
2 Al Wl
A28 —W-28
0
C-28 200 400 600

Temp. (°C)

Fig. 18: Bond strength values of the self-curing
concrete cast using dolomite.
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coarse aggregates.
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Fig. 20: Bond strength values of the self-curing
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coarse aggregates.
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coarse aggregates
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Table 6: The percentages of strength values after supposed to elevated temperatures compared to control

samples.
COARSE Control 200 AIR 400 AIR 600 AIR 200 WATER 400 WATER 600 WATER
Strength -\ GGREGATE
C-28  200-A-1 200-A-28 400-A-1 400-A-28 600-A-1 600-A-28| 200-W-1 200-W-28 400-W-1 400-W-28 600-W-1 600-W-28

5 S Dolomite 0 -43 -74 -20.8 -287  -375  -40.2 -16.7  -157  -333 324 427 413
§ g Crushed Concrete 0 -5.4 -8.0 -314  -329 595  -614 | -216  -201  -405 -39.2 -65.4  -64.8
g 3/’3) Crushed Ceramics 0 -4.0 5.1 -280  -29.1 -520  -54.0 | -240 -231  -372 -356  -639  -62.7
o @ Crushed Red Brick 0 -5.4 -8.8 -324  -36.5 -52.7  -54.3 -20.9 -193 -426 414 585  -57.0
S Dolomite 0 3.7 -6.8 -24.1 -287  -574  -59.6 | -244  -231  -512 -49.7  -657  -64.8
5 % §> Crushed Concrete 0 -13.0 -166  -305 350 -53.8  -56.1 426  -395  -525 489  -65.0  -63.2
% § g Crushed Ceramics 0 -4.8 -6.5 -24.2 -258  -58.1  -59.0 | -313 -303  -51.0 487 -69.4  -68.4
‘. Crushed Red Brick 0 -13.9 -16.7  -200 -256 444  -486 | -250 -229 -354  -326 -542  -52.1
o £ Dolomite 0 -5.5 -7.5 -19.6 224  -465  -50.7 -358  -346  -59.2 584  -67.1  -66.4
; §: Crushed Concrete 0 -5.0 -6.6 -18.2 -20.5 -48.2 -53.6 -30.4 -29.5 -53.6 513 -60.1 -57.4
E % Crushed Ceramics 0 -2.6 -5.0 -12.7 -19.5 -389  -415 -25.3 -23.7  -546  -53.2 -62.5  -61.2
Crushed Red Brick 0 -5.3 -6.7 -11.1 -17.7 -440 472 240  -231  -511 496  -643  -62.0
- Dolomite 0 -2.7 5.8 -6.8 -100  -121 -16.7 -13.1 -126 -234 221 -309 -29.3
2 §1 Crushed Concrete 0 -5.4 -8.4 -17.2 -20.8 -25.8 -31.0 -37.0 -35.5 -42.5 -41.1 -52.1 -50.7
@ E Crushed Ceramics 0 -3.0 -5.0 -7.0 -9.2 -10.7  -146 | -20.1 -185  -300 -286  -368  -35.8
@ Crushed Red Brick 0 -1.4 -4.7 -10.5 -13.0 -341  -388 | -313 -296  -448 425 -56.0  -53.1

Table 7: The percentages of strength values after a storage time of 28-days compared to those stored for 1 day.

Control 200 AIR 400 AIR 600 AIR 200 WATER 400 WATER 600 WATER

Strength Aggls\gGSETE

C-28  200-A-1 200-A-28 400-A-1 400-A-28 600-A-1 600-A-28| 200-W-1 200-W-28 400-W-1 400-W-28 600-W-1 600-W-28

; £ Dolomite 0 0 3.2 0 9.9 0 -4.3 0 1.1 0 14 0 2.6
§ g Crushed Concrete 0 0 7/ 0 )7 0 -4.7 0 19 0 2.2 0 1.7
g ;/53 Crushed Ceramics 0 0 -1.1 0 -1.6 0 -4.1 0 12 0 2.5 0 34
ove Crushed Red Brick 0 0 -3.6 0 -6.0 0 3.3 0 2.1 0 2.0 0 3.6
o c Dolomite 0 0 3.2 0 -6.1 0 5.1 0 16 0 3.0 0 2.7
g % §7 Crushed Concrete 0 0 -4.1 0 -6.5 0 -4.9 0 5.5 0 7.5 0 5.1
%_ § g Crushed Ceramics 0 0 =1Ly 0 2l 0 23 0 1.4 0 4.6 0 32
o @ Crushed Red Brick 0 0 -3.2 0 -6.9 0 -7.5 0 2.8 0 43 0 4.5
c Dolomite 0 0 2.1 0 3.5 0 -7.8 0 1.8 0 2.0 0 2.0
§ §1 Crushed Concrete 0 0 =Ly 0 e249 0 -10.5 0 14 0 4.8 0 6.7
é g Crushed Ceramics 0 0 -2.5 0 -7.8 0 -4.2 0 2.1 0 3.1 0 3.5
Crushed Red Brick 0 0 -14 0 -4 0 -5.8 0 1.2 0 3.2 0 6.5
- Dolomite 0 0 3.2 0 34 0 5.2 0 0.6 0 1.6 0 24
T :c;n Crushed Concrete 0 0 3.2 0 -4.3 0 -7.0 0 23 0 2.5 0 3.0
5 fij Crushed Ceramics 0 0 2.1 0 -2.3 0 4.4 0 2.0 0 2.0 0 14
@ Crushed Red Brick 0 0 -3.4 0 -2.8 0 -7.1 0 2.4 0 4.2 0 6.5
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5. Conclusions
In this research, a series of experiments have
been performed to investigate the behavior of
RA-SC concrete subjected to elevated
temperatures ranging between 200°C to 600°C.
After exposure to elevated temperature,
samples were cooled down by a left at the air or
by using water, then stored for 1 or 28 days
then tested. Based on the experimental results
presented, the following conclusions could be
drawn:

1. Using recycled aggregate as coarse
aggregates to cast self-curing concrete is
efficient, especially when cast using crushed
ceramics followed by cast using crushed
concrete as an alternative for conventional
aggregates, especially for non-structural
applications.

2. The behavior of RA-SC under elevated
temperature is affected mainly by aggregate
type, heating temperature, cooling method
and storage time.

3. The loss of strength of RA-SC increases
with the increase of elevated temperature up
to 69.4% at 600 oC (in the range of this
study).

4. The compressive strength of samples casts
using crushed ceramics, crushed concrete,
and crushed red bricks decrease by about
5.3%, 29.9%, 43.9% compared to that cast
using dolomite. They nearly behave in the
same manner under splitting tensile, flexure
and bond strengths with comparable values.

5. Air-cooling is preferable when dealing with
RA-SC concrete at elevated temperatures.
Using water cooling affecting badly on
concrete strength with a decrease in
compressive strength in the range of 1.8-
24.8% compared to those cooled in air.

6. Increasing the storage time after exposure to
an elevated temperature, then cooled in the
air decreased the compressive strength
values with a range of 1.1-9.9%. When
using water cooling, the compressive
strength increased by with a range of 1.1-
3.6% of storage time up to 28 days.

Generally, one can use the recycled aggregate
self-curing RA-SC concrete under elevated
temperatures considering the loss of strength.
Using crushed ceramics as a coarse aggregate
at elevated temperature is efficient. The use of
the RA-SC may consider as an alternative
solution to the use of conventionally cured
concrete in infrastructures. Firefighting is not
recommended by using water due to its bad
effects after cooling.
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