Eng. &Tech.Journal, Vol.34,Part (A), No.1,2016

Influence of Incorporating Construction Building Demolition as
Recycled Aggregate on Concrete Behavior

Building and Construction Engineering Department, University of Technology/ Baghdad.

IDr.Shatha Sadiq Hussen
Email: Shatha Sadig@yahoo.com

Received on:25/3/2014 &  Accepted on: 2/4/2015

ABSTRACT

Because of increasing waste production and public concerns about the environment, it is
desirable to recycle materials from construction and building demolition. This study aimed to
find a technique for producing recycled aggregate concrete obtained from construction and
building demolition waste. Laboratory trials were conducted to investigate the possibility of
using recycled aggregate from different sources in Iraq, as a partial replacement of both coarse
and fine natural aggregates or one of them. Recycled aggregate consists of crushed concrete
(CC) or a combination of crushed brick (CB) and crushed concrete (CC). The aggregate in
concrete was replaced with 10%, 20%, 30% and 50% by weight of crushed concrete (CC) or
crushed brick (CB) and crushed concrete CC. Some of mechanical properties of recycled
aggregate concrete as compared to those of conventional normal aggregate concrete are studied.
Compressive strength and the splitting tensile strength were determined after curing for 7, 28,
and 90 days while density was determined after28 days. From these results, it is reasonable to
assume that the use of recycled concrete aggregate does not jeopardize the mechanical
properties of concrete for replacement ratios up to 50%. The concrete prepared with the crushed
concrete only as a partial replacement of natural aggregate achieved the highest strength values
at 7, 28and 90 days. The results suggested that an aggregate that contains 50% recycled
aggregate is optimum for producing recycled aggregate concrete The test results showed that the
replacement of coarse or fine natural aggregate by recycled brick aggregate at the levels of
10,20,30 and 50% had little effect on the compressive strength of the specimens.
Keywords: concrete; splitting tensile strength; compressive strength; recycled aggregate;
demolition
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INTRODUCTION
F I Yhe environmental impact of the production of the raw ingredients of concrete (such as
cement, coarse and fine aggregate) is considerable [1-3]. The scale of the problem makes
it prudent to investigate other sources of raw materials in order to reduce the
consumption of energy and available natural resources, and to achieve a more ‘‘green’’
concrete. Crushing concrete to produce aggregate for the production of new concrete is one
common mean for achieving a more environment-friendly concrete. This reduces the
consumption of the natural resources as well as the consumption of the landfills required for
waste concrete [4].

For years people have been trying to keep the environment clean. Scientific studies provide us
with information on how can maintain the natural balance of life, and recycling has a primary
role in these studies. As a result of natural disasters or increasing population and urbanization,
great amounts of waste materials are produced. These waste materials include concrete, wood,
glass, aluminum, ceramics, PVC, and iron [5].

In Iraq, the possible sources of concrete for reuse as aggregate are that from demolition of
existing reinforced concrete structures, and the rejected concrete from ready-mix plants.

Concrete demolition waste has been proved to be an excellent source of aggregate for new
concrete production. There are many studies proved that concrete made with this type of
aggregate can have mechanical properties similar to those of conventional concrete is nowadays
a possible goal for this environmentally sound practice [1-3].

Generally, two typical grades of crushed concrete aggregates can be produced and classified by
size gradation. One is the coarse recycled concrete aggregate (CRCA), part of which can be
used in new concrete or road base materials. The other is the fine recycled concrete aggregate
(FRCA) or recycled mortar from crushed concrete waste whose sizes are smaller than 5 mm
[6,7].

Clay brick generated from construction and demolition sites is mostly delivered to landfills or
reclamation sites for disposal. With the limited landfill space and reclamation areas in Iraq, it is
important to explore the possible use of crushed clay brick as a civil engineering material.

The mechanical properties and the durability characteristics of recycled concrete aggregate
must be investigated to ensure proper use of the recycled material. Tests have shown that the
mechanical properties depend on the properties of the recycled concrete used to produce the
aggregate and on the percentage replacement of coarse aggregate in the new concrete. With
100% replacement of coarse aggregate with recycled aggregate for example, Ravindraraj [8]
measured a 9% decrease in compressive strength while Yamato et al. [9] measured a 45%
decrease. Similarly, Gerardu and Hendriks[10]showed that 15% decrease in the modulus of
elasticity of RAC, while Frondistou-Yannas[11] reported up to 40% decrease at relatively high
water—cement ratio of0.75 and an insignificant difference at a lower ratio of 0.55.
Ravindraraj[12] suggested equations for the modulus of elasticity that give an average decrease
of15% for NAC and RAC of similar cylinder compressive strengths.

Successful application of recycled aggregate in construction projects has been reported in
Hong Kong , as reviewed by Poon etal .[13] Their study aimed to develop a technique for
producing concrete bricks and paving blocks using construction and demolition wastes as
recycled aggregate. The test results showed that the replacement of coarse and fine natural
aggregate by recycled aggregate at the levels of 25% and 50% had little effect on the
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compressive strength of the concrete bricks and blocks, but higher levels of replacement
reduced the compressive strength.

There have been a number of publications on the use of recycled aggregate in concrete. It was
concluded that concrete strength decreases when recycled concrete was used [6] and the
strength reduction could be as low as 40% [6,14]. However, no decrease in strength was
reported for concrete containing up 20% fine or 30% coarse recycled concrete aggregate, but
beyond these levels, there was a systematic decrease in strength as the content of recycled
aggregates increased. The strength characteristics of concrete was not affected by the quality of
recycled aggregate at high water/cement ratio, it was only affected when the water/cement ratio
is low. The higher the water/cement ratio, the less is the reduction in compressive strength [6].
On the other hand, the physical properties and the presence of unhydrated cement in recycled
concrete aggregate affected the properties of concrete [14]. For concrete containing recycled
brick, the strength was unaffected by the strength of brick [6]

Most of the work on using recycled aggregate in concrete has focused on replacing the coarse
aggregate. Therefore, Khatib[6]reports the effect of replacing the fine aggregate (sand) with
either fine crushed concrete or brick on the properties of the concrete. Properties include
compressive strength, ultrasonic pulse velocity, and dynamic modulus of elasticity, shrinkage
and expansion. The fine aggregate in concrete was replaced with 0%, 25%, 50% and 100%
crushed concrete or crushed brick. Generally, there is strength reduction of 15-30% for concrete
containing crushed concrete. However, concrete incorporating up to 50% crushed brick exhibits
similar long-term strength development to that of the control mix.[6].

Due to the wide variation in the properties of the available resources, properties of concrete
using local materials need to be investigated in order to gain the required confidence in the
performance of the new material. In Baghdad region, waste concrete from demolished sites
constitute the larger resource for recycled aggregate and hence need to be studied. Studies on
the properties of recycled aggregate concrete in Iraq and in the Arabian Gulf Region are limited
[15-18].

Experimental program
Materials
Cement

Ordinary Portland cement manufactured by AL-Mass cement factory was used throughout this
research. It was stored in air-tight plastic containers to avoid the atmospheric conditions and to
maintain constant quality. Table (1) and Table (2) show the chemical and physical properties of
the cement used in this research. The used cement conforms to Iraqi specification No.5 / 1984
[19].

Natural aggregate

-Fine aggregate:-Natural sand (Al-Ukhaider) was used with maximum size of Smm .Table (3)
shows that the grading and sulfate content which are conforming to the Iraqi specification No.
45/1984 20].

-Coarse aggregate:- Crushed aggregate of 14 mm maximum size and 2.65 specific gravity
were used . It was obtained from AL- Nebaiquarry. The grading of aggregate and sulfate
content was within the limit specified by Iraqi standard No. 45/ 1984 [20] as shown in
Table (4)

Recycled aggregate

Waste concrete was obtained from two buildings under demolition in the Baghdad area in Iraq.
No information was available on the age of the buildings, but most old construction in that area
took place 20—40 years ago. Large parts of crushed concrete (CC) and crushed brick (CB) were
transported to the laboratories and broken by workers into pieces with size smaller than 70 mm.
Those pieces were crushed using a hammer (hand) in the University of Technology Laboratory
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to produce crushed concrete (CC) and crushed brick CB aggregate with particle size of less than
14 mm and sieving to produce fine aggregate and coarse aggregate according to the particle size
requirements. The particle size distribution of crushed concrete (CC) and crushed brick CB is
similar to the particle size distribution of normal aggregate. The sulfate content was 0.48% so
that it was within the limit specified by Iraqi standard No. 45/1984.

Mix proportions

Different mixes were employed to examine the influence of incorporating building demolition
as recycled aggregate on the compressive strength of concrete. Table 5 gives the details of the
mix proportions. The control mix (M1) had weight of 1 (cement): 2(sand): 3 (coarse aggregate)
and did not include either CC or CB. Inseries] ( mixes M2, M3, M4 and M5), the natural coarse
aggregate was replaced with 10%, 20%30% and 50% (by weight) crushed concrete coarse
aggregate, respectively while in series 2 (mixesM6, M7, M8, and M9), the fine aggregate was
replaced with 10%, 20%30% and 50% (by weight) crushed concrete sand, respectively. On the
other hand, in series 3(mixes M10, M11, M12 and M13), the natural coarse aggregate was
replaced with 10%, 20%, 30% and 50% (by weight) crushed (concrete and bricks) (CC+CB)
coarse aggregate respectively. While in series4 (mixes M14, M15, M16, and M17), the fine
aggregate was replaced with 10%, 20%, 30and50% (by weight) crushed (concrete and
bricks)(CC+CB) sand, respectively. Finally in series 5(mixes M18, M19, M20,and M21), the
fine and coarse aggregate were replaced with 10%, 20%,30% and 50% (by weight) crushed
concrete (CC) aggregate, respectively. On the other hand, in series 6(mixes M22, M23,
M?24,and M25), the fine and coarse aggregate were replaced with 10%, 20%30% and 50%
crushed (concrete and brick)(CB+CC) aggregate, respectively.

Results and discussion
Density

Generally speaking, the compressive strength of the normal concrete increases with a rising of
the mass density [23]. Within the data investigated,(Table6- Table10) show the values of the
density. It can be assumed here that there exists approximately a linear relationship between the
compressive strength and the mass density[23].

Tables(6-10) present density values in kg/m® for all mixes at28 days curing time. The density
value ranged from 2285 kg/m’ to 2372 kg/m’ for all concretes while the control mix has 2322
kg/m® density

A decrease in density can be observed as the replacement of natural aggregate with CB
increases as reported by Khatib[6].Recycled brick aggregates present relatively lower
density and higher water absorption compared to natural aggregates[6].

A slightly lowered is obtained for concrete containing crushed brick (CB)as compared with
those containing crushed concrete (CC) at the same replacement level. A decrease in density for
concrete containing CB as compared with those containing CC is not associated with a decrease
in compressive strength as suggested by Khatib[6].

Furthermore, the density of the mix with recycled coarse aggregate is slightly higher than that
of the control mix prepared with natural aggregate.

Compressive strength

The compressive strength of the hardened concrete was determined at the ages of 7, 28 and 90
days on (100*100*100) mm cubes. These cubes were removed from the molds after 1 day and
were cured in water before testing. The test results are summarized in Tables (6, 7, 8,9 and 10).
The following sections discuss these results of the study, with emphasis on the comparison
between the behavior of recycled aggregate concrete RAC and natural aggregate concrete NAC.
Figs (1, 2, 3, 4, 5, 6) showed the development of the cube strength at different age ranging from
7 to 90 days .However, the effects of the recycled aggregate on the compressive strength of the
concrete were quite different for different percent and type of recycled aggregate.
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Laboratory trials were carried out on six series of mixes with recycled aggregate obtained
from different sources in Baghdad, as the replacement for coarse or fine or both coarse and fine
natural aggregate at levels of up to 50% by weight. The test results showed that the replacement
of natural coarse aggregate by recycled concrete aggregate at the levels of, 10%, 20%, 30% and
50% had little effect on the compressive strength. However, the strength of the specimens
increased as the percentage of the replacement increased .Using recycled concrete aggregate as
the replacement of natural coarse aggregate at the level of up to 50%, concrete with a 90-day
compressive strength of not lessthan25.1MPa can be produced as shown in Fig(1). However, the
results presented in Table(6) have shown that when recycled concrete aggregate was used as a
replacement of natural coarse aggregate the compressive strength of hardened concrete was
almost unchanged when compared with concrete prepared with natural aggregate. Tabsh [21]
reported the strength for the concrete mix made with recycled coarse aggregates from concrete
produced almost the same compressive strength as that of the concrete made with natural
coarse aggregate.

The test results also showed that the replacement of fine natural aggregates by recycled
concrete aggregates at the levels of, 10%, 20%, 30% and 50% had little effect on the
compressive strength. However test results of cubic specimens showed that strength was only a
little high for concrete containing fine recycled aggregate as a partial replacement of natural fine
aggregate but remained almost same. The strength of the specimens increased as the percentage
of the replacement increased. Using recycled concrete aggregates as the partial replacement of
natural fine aggregates at the level of up to 50%, concrete with a 90-day compressive strength
of not less than 23.6MPa can be produced as shown in Fig(2) .

From Table (6) and Table (7) concrete made with recycled concrete aggregate was better
than concrete made with natural aggregate. The compressive strength of concrete made by
replacing coarse aggregate was significantly better than those concretes made by replacing fine
aggregate

The cube compressive strength for all mixes in series 3 and series 4 at 7, 28 and 90 days is
presented in Table (8)and Table(9) respectively. In both series3 and 4, the incorporation of
crushed clay brick as a partial replacement of coarse or fine aggregate reduced the compressive
strength. Generally, compressive strength decreases in concrete containing crushed concrete CC
and crushed brick CB as a partial replacement of coarse aggregate or fine aggregate. This
observation is similar to that by Poon et al [13].

At 90 days of curing, an increase in crushed concrete CC and crushed brick CB content results
reduction in compressive strength. This is best illustrated in Fig. (3) and Fig(4) where
compressive strength is plotted against different curing times. The inclusion of crushed brick
CB in recycled concrete results in a lower compressive strength as compared with that of
recycled concrete incorporating crushed concrete CC only at the same replacement level. Due
to the lower performance of concrete with crushed bricks aggregate, structural concrete
applications should be limited to low performance concrete such as pavement blocks and
manufactured elements.

The test results of series 5 and series 6 are summarized inTablel0 and Table 11. Each
presented value is an average of two measurements. The results indicated that the incorporation
of crushed concrete only and crushed concrete and crushed clay brick as a partial replacement of
fine and course aggregate increased the compressive strength has shown in Fig. 5 and Fig 6. As
the replacement level increased from 0% to 50%, the compressive strength increased. This
might be attributed to further cementing action of unhydrated cement particles in the crushed
concrete (CC)[6]. In both series5 and 6, the incorporation of recycled fine and coarse aggregate
increases the compressive strength. Hence, substitution of both coarse and fine aggregate with
recycled brick aggregate should be done with caution as it can adversely affect the compressive
strength[22]also Khatib[6] reported that including brick in concrete causes an increase in long-
term strength due to its pozzolanic nature.
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Furthermore, at the same replacement level, the compressive strength of the concrete in all
Series replacing the fine or coarse aggregate or both of them by crushed concrete was higher
than that replacing the fine or course aggregate or both of them by crushed brick and crushed
concrete.

Splitting tensile strength

The splitting tensile strength test is often used to obtain the tensile strength of concrete, rather
than by a direct tensile strength test because the former is easier to perform. In practical
applications, however, the tensile strength of concrete is often estimated from the compressive
strength [23]. The splitting tensile strength of the recycled aggregate concrete is shown in Fig8
to Figl0. Although the results show a considerable scatter, the tendency that the splitting tensile
strength increases with increasing compressive strength can still be recognized.

Compared with normal concrete, splitting tensile strength values showed that strength was
only a little high for seriesland in series,2 but remained almost the same in series3and in
series4. Therefore, it could be concluded that splitting tensile strength remained unchanged.
Relations between age and splitting tensile strengths are presented in Table12 to Tablel7.

The tensile splitting strengths of the mixes in series 4and in seriesSwere higher than that of
the control mix. Since the tensile splitting strength is mainly governed by the properties of the
interfacial transition zone (ITZ), the improvement of the ITZ can be attributed to two main
reasons: firstly the high water absorbability of the particles of crushed concrete and crushed clay
brick allowed a better penetration of the cement paste, thus increasing the bond strength,
secondly, the lower particle density of crushed brick and crushed concrete compared to that of
recycled concrete aggregate represented a higher volume of fine particles in the mixture when
recycled concrete aggregate was replaced by either crushed clay brick or crushed concrete. The
finer particles of crushed clay brick and crushed concrete may fill the voids and reduce the
porosity at the interface. Hence, an enhancement in the properties of the ITZ was achieved[24].

On the other hand, the splitting tensile strength of the mixes in which crushed building
demolition was used was comparable to that of the control mix.

CONCLUSIONS

Based on the results of this study, the following conclusions can be drawn:
1-For concrete mixtures prepared with the incorporation of recycled concrete aggregate only as
a partial replacement of natural fine and coarse aggregate exhibited the highest compressive
strength.
2-The concrete mixtures prepared with the incorporation a combination of recycled concrete
aggregate and recycled brick aggregate as a partial replacement of fine or course natural
aggregate seemed to impose the largest negative effect on the concrete strength than that mixes
prepared with the incorporation of recycled concrete aggregate only as a partial replacement of
fine or coarse natural aggregate.
3-The use of crushed clay brick reduced the density of the new concrete.
4- The compressive and tensile strengths of the new concrete decreased as the crushed clay
brick content increased.
5- Both compressive strength and tensile splitting strength not reduced with the increase of the
replacement ratio; however<the values obtained for both properties are still acceptable,
especially for reasonable levels of the replacement ratio (50%).
6- In conclusion, recycling waste concrete aggregate in concrete production may help solve
a vital environmental issue.
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Table(1):Chemical composition and main compounds of the cement

Oxide composition Ca0 | SiO, | AlO; | Fe;,0O; | MgO | SO3 | L.OI | IR
Content (percent) 61.89 | 21.37 | 4.6 335 | 3.05 | 242 | 2.16 0.6
Main compounds CsS C,S C;A C4AF
Content (percent) 46.88 26.17 6.53 10.18
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Table (2) :Physical properties of the cement

Physical Specific | Soundness Setting Setting time Compressive Compressive
properties | surface (mm) time final setting strength strength
area (Autoclave) Initial (hrs:min) (Mpa)3days (Mpa)
(m?/kg) setting 7days
(Blain) (hrs:min)
Test 321 0.5 1:55 2:24 23 29
results

Table (3): Grading and physical properties of fine aggregate.

Sieve size Cumulative % passing Limits of Ira;lsi j{);,;iﬁcation NO.
4.75 mm 94 90-100

2.36 mm 90 85-100

1.18 mm 85 75-100

600 pm 65 60-79

300 um 20 12-40

150 um 3 0-10

Specifi gravity : 2.6
Sulfate content : 0.5% max 0.5 % Fineness modulus : 2.43

Table (4): Grading and physical properties of coarse aggregate .

.. . . Limits of Iraqi specifiction NO.
o
Sive size(mm) Camulative % passing 45 /1984
14 97.8 90-100
10 71. 50-85
5 8.7 0-10
2.36 0 0-5
Sulfate content : 0.041 % max 0.1%
Specific gravity : 2.65 Dry density: 1630 kg/m3
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Table (5 ): Details of mixes used throughout this investigation

Mix No. Composition Series No.
C | NS | N |RCS| RC | RBS | RBG | replacement ratio
G G (% by weight)

1 Mix1 ¥ - - 0% control
2 Mix2 - - - - 10%0f NG series 1
3 Mix3 - - - - 20% of NG partial
4 Mix4 - - - - 30% of NG replacement of
5 Mix5 - - - - 50% of NG normal gravel
6 Mix6 - - - - 10%o0f NS series2
7 Mix7 - - - - 20% of NS partial
8 Mix8 - - - - 30% of NS replacement of
9 | Mix9 - - - - 50% of NS normal sand
10 | Mix10 - - - - - 10%0f NG series 3 partial
11 | Mixl11 - - - - - 20% of NG replacement of
12 | MixI2 - - - - - 30% of NG normal gravel
13 | Mix13 - - - - - 50% of NG
14 | Mixl14 - - - - - 10%o0f NS series 4 partial
15 | Mixl5 - - - - - 20% of NS replacement of
16 | Mixl6 | - - - - - 30% of NS normal sand
17 | Mix17 - - - - - 50% of NS
18 | Mixl8 - - - - - 10%o0f (NG+ NS) | series 5 partial
19 | Mix19 - - - - - 20% of (NG+ NS) | replacement of
20 | Mix20 | - - - - - 30% of (NG+NS) normal
21 | Mix21 | - - - - - 50% of (NG+ NS) | (gravel+sand)
22 | Mix22 - - - - - - - 10%o0f (NG+ NS) | series 6 partial
23 | Mix23 - - - - - - - 20% of (NG+ NS) | replacement of
24 | Mix24 - - - - - - - 30% of (NG+ NS) normal
25 | Mix25 | - - - - - - - 50% of (NG+ NS) | (gravel+sand)

* :used in mix, blank:not used

Notation:

C =cement, NS =normal fine aggregate

NG = normal coarse aggregate RCS=recycled concrete sand(fine aggregate) RCG=recycled
concrete gravel(coarse aggregate)

RBS=recycled brick sand(fine aggregate

RBG=recycled brick gravel(coarse aggregate)

Table(6) compressive strength for series 1
( with crushed concrete as a partial replacement of normal gravel)

Compressive strength (MPa) Density(Kg/M?)
(28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2334
2 13.2 21.8 22.1 2365
3 14.3 23.2 24 2353
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4 15.5 24.2 25.2 2361
5 14.8 24.4 25.1 2372
Table (7 ) compressive strength for series 2
(with RCG as a partial replacement of normal sand)
Compressive strength (MPa) Density(Kg/M°)
(28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2324
6 12.6 20.5 21.1 2315
7 11.4 22.3 23.2 2298
8 13.9 22.1 24.8 2290
9 14 21 23.6 2285
Table (8) compressive strength for series 3
( with {RCG +RBG} as a partial replacement of normal gravel)
Compressive strength (MPa) Density(Kg/M?)
(28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2320
10 10.7 16.4 16.8 2333
11 10.8 17 17.3 2339
12 11.1 17.9 18.4 2350
13 10.5 16.8 16.9 2352
Table (9) compressive strength for series 4
( with {RCG +RBG} as a partial replacement of normal sand)
Compressive strength (MPa) Density(Kg/M°)
(28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2311
14 9.9 16 16.1 2335
15 10.1 16.4 16.7 2322
16 10.5 16.9 17.1 2341
17 10.4 16.2 16.3 2333
Table (10 ) compressive strength for series 5
( with RCG as a partial replacement of normal gravel+sand)
Compressive strength (MPa) Density(Kg/M?)
(28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2324
18 17.2 22.9 23.8 2345
19 18.7 25.9 26 2358
20 18.9 30.9 30.8 2365
21 19.2 31 31.1 2371
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Table(11) compressive strength for series 6
(with {RCG+RBG}as a partial replacement of normal {sand+gravel})

Compressive strength (MPa) Density(Kg/M°) (28 days)
Mix No 7 days 28 days 90 days 2322
1 16.8 22.6 23.1 2315
22 15.8 22.5 22.8 2322
23 17.5 24.3 24.4 2310
24 17.9 26.1 26.5 2298
25 18.5 27.5 27.2 2290
Table(12) splitting tensile strength for series 1
( with RCG as a partial replacement of normal gravel)
splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 2.2
2 .8 2.1 2.2
3 1.1 2.3 2.4
4 1.2 2.4 2.4
5 1.2 2.4 2.5
Table(13) splitting tensile strength for series 2
( with RCG as a partial replacement of normal sand)
splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 2.2
6 .9 2 2.1
7 1.1 2.3 2.2
8 1.3 2.2 2.2
9 1.2 2.3 2.3

Table(14 ) splitting tensile strength for series 3
( with {RCG +RBG} as a partial replacement of normal gravel)

splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 2.2
10 1.1 1.4 1.6
11 1.3 1.7 1.7
12 1.1 1.7 1.6
13 1.5 1.8 1.9

Table(15 ) splitting tensile strength for series 4
( with {RCG +RBG} as a partial replacement of normal sand)

splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 2.2
14 i 1.6 1.5
15 .8 1.5 1.7
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16

1.7

1.7

17

1.8

1.8

Table(16) splitting tensile e strength for series 5
( with RCG as a partial replacement of normal gravel+sand)

splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 22
18 1.1 2.2 2.5
19 1.3 2.5 2.6
20 1.8 3.1 3.2
21 1.9 3.1 33

Table(17 ) splitting tensile strength for series 6(with {RCG+RBG} as a partial
replacement of normal {sand-+gravel})

splitting tensile strength (MPa)
Mix No 7 days 28 days 90 days
1 0.9 1.9 2.2

22 1.1 2.2 2.2

23 1.3 2.3 2.4

24 1.2 2.3 2.5

25 1.5 2.7 2.6
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Figure(1) Compressive strength with time for series 1
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Figure(2) ) Compressive strength with time for series 2
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Figure(3) ) Compressive strength with time for series 3
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Figure(4) ) Compressive strength with time for series 4
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Figure(5) ) Compressive strength with time for series 5
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Figure(6) ) Compressive strength with time for series 6
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Figure(7) compressive strength with time for all mixes
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Figure(8) development of splitting tensile strengthwith time for series1
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Figure(9) development of splitting tensile strength with time for series2
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Figure(10) development of splitting tensile strength with time for series3
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Figure(11) development of splitting tensile strength with time for series4
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Figure(13) development of splitting tensile strength with time for series 6

REFERENCES
[1] Buck AD. Recycled concrete as a source of aggregate. ACI Journal 1977;74(5):212-9.

¢A



Eng. & Tech.Journal, Vol.34,Part (4), No.1,2016 Influence of Incorporating Construction Building
Demolition as Recycled Agoregate on Concrete Behavior

[2] Hansen TC, Narud H. Strength of recycled concrete made from crushed concrete coarse
aggregate. Concrete International 1983;1: 79-83.

[3] Hansen TC, Hedegard SE. Properties of recycled aggregate concrete as affected by
admixtures in original concretes. ACI Journal 1984;81(1):21-6.

[4] RahalK. Mechanical properties of concrete with recycled coarse aggregate. Building and
Environment 42, (2007) ,407-415

[5] Topqui.B. Physical and Mechanical Properties of Concrete Produced with Waste Concrete.
Cement and Concrete Research, Vol. 27, No. 12, pp. 1817-,1823, 1997.

[6] Khatib. JM. Properties of concrete incorporating fine recycled aggregate. Cement Concrete,
Res 2005;35(4):763-9.

[7] ZhongheShui ,DongxingXuan, Huiwen Wan, Beibei Cao. Rehydration reactivity of recycled
mortar from concrete waste experienced to thermal treatment. Construction and Building
Materials, 22 (2008) 1723-1729.

[8] Ravindraraj RS, Steward M, Greco D. Variability of recycled concrete aggregate and its
effect on concrete properties—a case study in Australia. International workshop on recycled
concrete, 2000.

[9] Yamato T, Emoto Y, Soeda M. Mechanical properties, drying shrinkage and resistance to
freezing and thawing of concrete using recycled aggregate. ACI Special Publication SP 179-7.
Farmington Hills, MI, USA: American Concrete Institute; 1998. p. 105—121.

[10] Gerardu JJA, Hendriks DF. Recycling of road pavement materials in the
Netherlands.Rijkswaterstaat Communications No. 38, The Hague, 1985.

[11] Frondistou-Yannas S. Waste concrete as aggregate for new concrete. ACI Journal,
Proceedings 1977;74(8):373-6.

[12] Ravindraraj RS, Tam TC. Properties of concrete made with crushed concrete as coarse
aggregate. Magazine of Concrete Research 1985;37:3.

[13] PoonC.S., KouS.C, Lam L.,Use of recycled aggregates in molded concrete bricks and
blocks. Construction and Building Materials 16 (2002) 281-289

[14] KatzA., Properties of concrete made with recycled aggregate from partially hydrated old
concrete, Cem. Concr.Res. 33 (2003) 703— 711.

[15] Al-Fadala KB. Recycling concrete waste into hot mix asphalt.Master’s Project Report,
Department of Civil Engineering, Kuwait University, 2003. 61pp.

[16] Abdelfattah A, Tabsh S. Feasibility of using recycled concrete in the United Arab mirates.
ICPCM Conference, Cairo, Egypt; 2003. p. 82-90.

[17] El-Hawary, M. Use of recycled concrete in the lime-silica bricks production. Paper
presented at the Workshop on the Use of Recycled Materials in Engineering. UAE: American
University of Sharjah; 2002.

[18] Al-Ali AY. Assessment of recycled aggregate structural suitability for road
construction.First international conference and exhibition on quality control and quality
assurance of construction materials, Dubai, UAE, 2001.

[19] B ) sl Canan¥1" (VAAE) A ()8 Al yall Gpudl) A sl

[20]6lill 5 Al JA0 8 Alaminsall dymgalall boadl) AlS )" (VAAE) dind (£0)ad ) 41 el Ll ) diual sall

[21] Sami W. Tabsh *, Akmal S. Abdelfatah Influence of recycled concrete aggregates on
strength properties of concrete.

[22] FaridDebieb , Said Kenai.The use of coarse and fine crushed bricks as aggregate in
concrete. Construction and Building Materials 22 (2008) 886—893

[23] Xiao J.-Zh. - Ch. Zhang J.-B. Li -,On relationships between the mechanical properties of
recycled aggregate concrete: An overview. Materials and Structures (2006) 39:655-664
[24]-Chi-Sun Poon, Dixon Chan Effects of contaminants on the properties of concrete paving
blocks prepared with recycled concrete aggregates. Construction and Building Materials 21
(2007) 164-175.

£9



