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Abstract

Conservation of natural resources and rapid urbanization has prompted growing demand for
natural aggregate by construction industry. This demand is compounded by considerable decline
in the availability of good quality natural aggregate and enormous increase in quantities of
demolished concrete.

This report presents a study of mechanical properties of concrete made by using the
demolished concrete as coarse aggregate in addition to steel fibers.. In the concrete mixes the
ratios of concrete aggregate range from 0% to 100% with the increment of 25% the ratio of steel
fiber was 6% of whole mix volume. Three concrete mixes have been prepared with proportion
of 1:2:4, the water cement ratio was 0.5. The essential mix was control mix without steel fiber
for comparison, the other mixes with or without steel fibers with different proportion of recycle
concrete aggregate. The mixes were casted in standard specimens, cylinders and cubes and
tested under static loading The specimens were tested for compression strength and splitting
tensile strength. This research shows that increasing recycle concrete aggregate will decrease
the compressive strength and splitting tensile strength but adding steel fibers will increase these
strengths. The recycled concrete aggregate with steel fiber are found to make a good quality
concrete therefore recycle concrete aggregate can be used successfully for structural concrete
instead of natural aggregate .

Key Words:- Crushed concrete, Steel fibers, Fibers,recycled concrete, Concrete waste,
Concrete aggregate.
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Symbols
RCA: Recycle concrete aggregate.

Rr: The ratio of recycle concrete aggregate to total coarse aggregate.

TCA : Total coarse aggregate.
SFRC: Steel fiber recycle aggregate .

SFRRAC: Steel fiber reinforced recycle aggregate concrete.

RA: recycle aggregate.
NA: Natural aggregate.

Introduction

The amount of concrete debris collected
from demolished structures is huge. Without
proper treatment it can cause secondary
pollution. The application of building rubble
collected from damaged and demolished
structures become an important issue in every
country. After crushing and screening, these
materials could serve as recycled aggregate in
concrete. Thus recycling aggregate and
reusing this concrete debris can not only
reduce the waste but also transform them into
aggregate resourcest™.

Many significant researchers have been
carried out to prove that recycled concrete
aggregate could be a reliable alternative as
aggregate in production of concrete. A widely
reported recycled aggregate are suitable for
non structural concrete application®.Recycled
aggregate also can be applied in producing
normal structural concrete with addition of fly
ash and condensed silica fume etc!?.

Strength concrete is affected by using the
type of coarse aggregate used. It is necessary
to know the characteristics of RCA and the
effects of using RCA in concrete!.

Recycled aggregate normally has higher
water absorption and lower specific gravity .
Density of recycled aggregate used is lower
than the density of normal aggregate. Porosity
of recycled aggregate is also much higher than
those of natural aggregate®. Recycled
aggregate concrete RCA is concrete made
from recycled aggregate. It was found that the

workability of fresh RCA decreases with an
increase in recycled aggregate due to water
absorption of mortar adhered to recycled
aggregate!®. The strength of RCA is reported
to be less by about 10% compared to normal
concrete "8,

Concrete with RCA can be transported,
placed, and compacted in the same manner as
conventional concrete. Special care is
necessary when using fine RCA. Recycling
concrete  provides sustainability several
different ways. The simple act of recycling the
concrete reduces the amount of material that
must be land filled. The concrete itself
becomes aggregate and any embedded metals
can be removed and recycled as well. As
space for landfills becomes premium, this not
only helps reduce the need for landfills, but
also reduces the economic impact of the
project. Moreover, using recycled concrete
aggregates reduces the need for virgin
aggregates. This in turn reduces the
environmental impact of the aggregate
extraction process. By removing both the
waste disposal and new material production
needs, transportation requirements for the
project are significantly reduced.

There are a variety of benefits in recycling

concrete aggregate:

Keeping concrete debris out of landfills saves

landfill space.

e Using recycled material as gravel reduces
the need for gravel mining.
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e Using recycled concrete as the base
material for roadways reduces the
pollution involved in trucking material.

e Protect natural recourses.

¢ Elimination the need for disposal by using
readily available concretes

e Cost Efficiencies

o  Greatly reduces fuel costs

e Cuts costs by using a recycled material to
replace natural aggregate

e Reduces dumping fees at landfills
Environmental Advantages

o Keeps our landfills clear of recyclable
product

e Greatly reduces the need to use natural
aggregate

e Recycles man-made product

e Reduces the need for gravel mining

o Helps in the fight to keep our environment
clean

e Portable
Crushing!.

The aim of this research project is to utilize
recycled concrete as coarse aggregate with
addition of steel fiber for production of
concrete. It is essential to know whether the
replacement of RCA in concrete is acceptable
or not.

Concrete  Recycling/On-site

Literature Review

Recycled Aggregate Concrete:

In 2006 Masato et. al.l'% studied the
improvement of recovery rate of original
aggregate by enhancing a peeling off effect of
aggregate without damaging any mechanical
properties. The enhanced peeling — off effect
is realized by applying a surface improving
agent to aggregate with high water absorption
of recycled aggregate is also reduced.
Material tests were conducted on recycled
aggregate with low- quality and middle
quality,, two types of surface improving
agent, oil type and Silone type improving
agent, was greatly improved in recovery rat
but showed lowered strength recycled
aggregate finished with oil- type improving
agent.

In 2009 Yong et. al.™! used recycled concrete
aggregate (RCA) from site tested concrete
specimens. These consist of 28 —days concrete
cubes after compression test obtained from a
local construction site. The concrete cubes are

crushed to suitable size and reused as recycled
concrete aggregate. This research finds that
the recycled concrete aggregate (RCA) is
found to be higher-that the compression
strength of normal concrete .

M.L. Berndt?  was investigated the
recycled concrete aggregate by adding fly ash
and Dblast furnace slag. With different
percents. Properties investigated include
compressive and tensile strength, elastic
modulus coefficient of permeability and
durability in chloride and sulphate solutions.
It was determined that the mixes containing
50% slag gave the best overall performance.
Slag was particularly beneficial for concrete
with recycled aggregate and could reduce
strength .

In (2010) V. Bhikshma et. al.** developed
stress block parameters for the design of
reinforce  recycled aggregate  concrete
members. To arrive at the objectives
replacement ratio, (Rr) the ratio of recycled
coarse aggregate to total coarse aggregate.(Rr
=RCA/TCA) on mechanical properties of
recycled aggregate concrete. It is found that
twenty such stress-strain curves were drawn
corresponding to ten strain values from 10%
to 100% was found. The values of stress and
strain were then non dimensional zed to
calculate the modulus of elasticity.

Steel Fiber Concrete

Steel fibers have been successfully used for
pavement applications in many hundreds and
thousands of square meters of concrete for
roads and highways. Steel Fiber Reinforced
Concrete (SFRC) has extra strength in flexure
and impact as compared to plain recycled
concrete™.  Steel fibers distributed in the
concrete delay the growth of cracks thus
improving the ductility of the matrix. The
ability of steel fibers in improving the
properties of concrete depends on the bond
characteristics, aspect ratio of the fiber,
surface friction and tensile strength of the
fiber ™. Common applications of SFRC
include paving applications such as in
airports, highways, bridge decks and
industrial floors, which endure significant
cyclic loading during their service life. All
these properties are the requirements needed
for recycled concrete pavement for highways,
bridge deck and runway or taxiway to
maintain high quality and smooth riding
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surface without irregular depressions. The
fatigue performance of SFRC is one of the
important parameters to be considered in the
design " ACI Committee 544 noted that
SFRC has potential for many more
applications, especially in the area of
structural elements!.The addition of steel
fibers significantly improves many of the
engineering properties of mortar and concrete

, nhotably impact strength and toughness.
Tensile strength, flexural strength, fatigue
strength and an ability for spelling are also
enhanced™®. Moreover, addition of fibers
makes the concrete more homogeneous and
isotropic and therefore it is transformed from
a brittle to a more ductile material. When
concrete cracks, the randomly oriented fibers
arrest a micro cracking mechanism and limit
crack propagation, thus improving strength
and ductility and generally, for structural
applications, steel fibers should be used in a
role supplementary of reinforce bars!®.

In (1997) Kutzing™ showed that the shear
capacity of concrete increased when steel
fiber is added . The test equipment was
introduced in detail and some first results
were presented. It was well Known that the
use of steel fiber raises the ductility of
concrete and the fracture energy. This
phenomenon was transferable to the shear
strength of concrete.

Materschlager et.al.(1998)*! who presented
an  experimental investigations  were
performed to evaluate the influence of fiber
made of steel, glass, carbon or hemp on the
overall behavior of  concrete. Different
materials were selected such as that of
concrete properties and can be designed to
satisfy specific requirements. Some of these
demands were alkali resistance, corrosion
resistance, insensitively to magnetism and
increased beam-column ductility to dissipate
energy during seismic activities.

In (2009) M. Heeralall, ™ investigated the
flexural fatigue behavior of steel fiber
reinforced recycled aggregate concrete
(SFRRAC). The study gains importance in
view of the wide potential for demolished
concrete to serve as a source of quality
aggregate feed stock in variety of structural
application. A total of 72 standard flexural
specimens were casted and tested for flexural

under both static and fatigue loading. This
test done by replacing of recycled aggregate
in natural aggregate, presence of with and
without optimum steel fiber of 0.1% by
volume with and without super plasticizer.
The study shows that the compressive strength
of steel fibrous recycled aggregates in all the
cases was marginally more than no fibrous
concrete and these mixes can be used in rigid
pavements also and the inclusion of fibers can
benefit the fatigue performance of recycled
aggregate concrete.

Experimental Program

The parameters involved in the study include
dosage of recycled aggregate (RA)
replacement in natural Aggregate (NA), with
steel fiber. The experimental investigation
was designed to understand the behavior of
recycled concrete aggregate with steel fiber
of under static load.

The program consisted of casting and testing
a total of 42 standers specimens(cubic
specimen of (150 x 150 x 150) mm and
cylinders of (100x200) mm. with steel fiber of
6.0% by total weight. Where (Rr
=RCA/TCA)

Rr = the ratio of the recycle coarse aggregate
to total coarse aggregate
,RCA= the recycled concrete coarse aggregate
TCA= total coarse aggregate
Table (1) shows the symbols of concrete
mixes and the present of crushed concrete.
The study contain of 6 mixes each mix cast in
two cubic and 6 cylinders were tested under
static load . For each mix 2 cube specimens
were test under the compressive strength of
the concrete, 3 cylinders were test for
compressive strength and 3 cylinders were test
for splitting tensile strength .

Testing of Materials For Concrete
Preliminary test were carried out on the
constituent materials:-

e Water :- Drinking water from Tikrit water
supply was used conforming to the
specification requirements of water for
concerting and curing.

e Cement :- Ordinary Portland Cement.
Which is used in this investigation was
confirming to the Iraqgi specifications 1%,
The chemical analysis of this cement is
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given in Table (2) and its mechanical

properties are given in Table (3). The

specific gravity of the cement used was

3.15.

e Sand:- Local river sand from Al-Dos
region was used as fine aggregate. The
sand was confirming to Zone Il of B.S.
882. 1973 ™ The bulk density and
specific gravity of the fine aggregate were
1.41 and 2.68. The details of the different
fractions of sand taken are shown in
Table (4,5)

The grading of this sand is within the
boundary curves for sand by B.S. 882.
19731 are shown in Table (4).

e Gravel:- Local river gravel from Al- Dos
region was used. The grading of this
gravel is within the boundary curves for
sand by B.S. 882. 1973 as shown in

Table (6,7).
e Recycle concrete:- used as coarse
aggregate obtained from demolished

waste (slab of building from more than
20 years old concrete) had been broken up
with a jackhammer then crushed to a
maximum aggregate size of (20 mm). The
grading was made the same to the grading
of the gravel aggregate.

The aggregate must be "clean," without
absorbed chemicals, clay coatings, and
other fine materials in concentrations that
could alter the hydration and bond of the
cement paste.

o Fibers:- waste steel fibers were collected
from Tikrit Industry zone with diameter
0.3mm and 2.3 mm long. were used in the
investigation , The fibers were added in
proportion of 6% by total weight of
concrete.

Note :- The details of the various properties
of natural and recycled

aggregates are shown in Table (8).

Mix Design

Concrete with RCA can be transported,
placed, and compacted in the same manner as
conventional concrete The mix proportion
designed as per ACI method™, is produced
with the selected slump (30-60) mm , design
compressive strength of (25) MPa and the
maximum aggregate size of (25) mm. Other
aggregate properties available from previous
tests are used in calculation for mix design.

The weight of the constituents was cement:
fine aggregate: coarse aggregate:
water/cement ratio 1:2:4:0.5, this concrete
serves as (reference concrete) or (control
concrete) and tests and conducted on this
concrete to determine its properties. The
other mixes are two kinds once with
replacement of RCA of (50 , 100)% and the
other carried to produced concrete with
(0,25,50,75,100)% replacement of RCA as
well as of 6% addition of steel fibers. while
the coarse Natural Aggregate (NA) was
replaced in suitable dosages as explained
earlier with Recycled Aggregate (RA). The
concrete with replacement of RCA are tested
and their properties determined.

Casting and Testing

In this study , a total of 64 of concrete
specimens were cast with and without
(crushed — concrete and steel fibers) .The
concrete mix ratio was kept constant for all
types of concrete using the mix proportioning
ratio by weight (cement: fine aggregate:
Coarse aggregate ) of 1 : 2 : 4. The steel fiber
weight was 6% of the total mix weight. A
variable weights of crushed concrete(i.e.,
weight of recycle concrete ratio to weight of
total coarse aggregate) of (0, 25, 50, 75,
100)% were used as discussed above. the
water — cement ratio was chosen for concrete
mixes with recycle concrete aggregates to
obtain the slump ranging (30 - 60) mm. The
water / cement ratio was increased when
increasing of recycle aggregate ratio.

Concrete mixes were casted in (100*200)
mm  cylindrical  steel ~moulds and
(150*150*150) mm steel cubic moulds.

After design the concrete mix cement, sand,
fibers and coarse aggregate (gravel and
recycled concrete aggregate) were mixed in
dry state handy , and then the required
quantity of water was added and mixed
thoroughly. Before casting , machine oil was
smeared on the inner surfaces of the cast iron
moulds.

The concrete was poured into cylindrical
mould in four equal layers and compacted
thoroughly using a standard compact metal
rode of squire section with 25 mm side, 1.8 kg
weight and 380 mm long. The number of
compact beats was 20 times for each layers.

Also the concrete was poured into cubic
mould in three equal layers and compacted by
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a the same compact metal rode The number of
compact beats was 20 times for each layers'?°..
The top surface was finished by means of a
trowel. The specimens were removed from
the mould after 24 hours and then cured under
water for period of 28 days. the specimens
were taken out from the curing tank just prior
to the test.

Testing Machine

All  specimens were tested using a (2000
kN) capacity compression machine. In the
university of Tikrit. Testing times were in
February 2011. The weather was cold in most
days.
Test Program

The test program considered a total of 64
specimens (48 cylinders and 16 cubes). The
test was divided into three groups. For each
mix 2 cubes were tested for the compressive
strength, 3 cylinders were tested for the
compressive strength and 3 cylinders were
tested for splitting tensile strength.

Mode Of Failure

The concrete cylinders in compression
showed a combination of vertical splitting and
inclined shear type failure cracks for both
types of aggregates (Natural and Recycled
aggregates) . In splitting tensile tests, the
failure planes showed some broken (recycle
and natural aggregates) and some gravels
being pulled out from the concrete. While for
concrete with recycled concrete and steel
fibers, the failure planes were nearly flat..This
indicates a rather stronger bond and
interlocking in the past-aggregate interfaces.
For cubic compression strength the failure
planes are shear failure.
Test Results and Discussion

Air dry density
Table (9) shows the results of dry density for
all concrete mixes. First of concrete without
steel fiber and second with steel fiber and for
each concrete cast in cube and cylinder
specimens the results is average of three
specimens .

-Without steel fiber

The air dry density seems to decrease with
the increase RCA. This is due to the light
weight of recycled concrete aggregate
compared to NA.

-With steel fiber

The air dry density seems to decrease with
the increase of RCA. This is due to the light

weight of recycled concrete aggregate
compared to NA. but it is higher than the dry
density of no fiber concrete because of the
heavy weight of steel fiber.
Compressive strength

Table (10) shows the results of compressive
strength for all concrete mixes:
Without steel fiber

It can be seen from Fig.(1) that the cube
compressive strength of no fiber concrete
seems to decrease with the increase of RCA
but still it is within the acceptable limits(25-
40) MPa 24,
With steel fiber

It can be seen from Fig.(1) that the cube
compressive strength of no fiber concrete
seems to decrease with the increase the RCA.
The reduction in strength is from (29.66)
MPa for 0% RCA to (21.56) MPa for 100%
RCA and this is comparable with that
obtained by Herallal™®
Compressive strength of cylinder

Table (11) shows the results of compressive
strength in cylinder for all mixes:
Without steel fiber

It can be noted from Fig.(2) that cylinder
compressive strength of no fiber concrete
seems to decrease with the increase of RCA .
With steel fiber

It can be seen from Fig.(2) that cylinder
compressive strength of no fiber concrete
seems to decrease with the increase of RCA.
The reduction in strength is from (23.7) MPa
for 0% RCA to (14.64) MPa for 100% RCA.
10.4 Spliting tensile strength

Table (12) shows the results of splitting
tensile strength for all mixes:
Without steel fiber

It can be seen from Fig.(3). The splitting
tensile strength of no fiber concrete seems to
decrease with the increase of RCA .
With steel fiber

It can be seen from Fig.(3). That the
splitting tensile strength of fiber concrete
seems to decrease with the increase of RCA.
The reduction in strength is from (2.91) MPa
for 0% RCA to (1.4) MPa for 100% RCA.
Modulus of elasticity

The modulus of elasticity values for all
concrete mixes with different replacement
ratios of RCA were obtained based on
average range of 3 cylinders. These average
values for all mixes are presented in Table
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(11). By comparing the results of the
specimens with low RCA has higher value of
modulus of elasticity and the specimens with
high RCA has lower modulus of elasticity.
Water / cement ratio

It can be seen from Fig.(1) that the water
/cement ratio increase with the increasing of
RCA.

Conclusions

o Based on the experimental works from
this research

e Aggregate composed of recycled concrete
generally has a lower specific gravity and
a higher absorption than conventional
gravel aggregate.

e New concrete made with recycled
concrete aggregate typically has good
workability and durability.

e The compressive strength varies with the
compressive strength of the original
concrete and the water-cement ratio of the
new concrete.

¢ In addition to the resource management
aspect, recycled concrete aggregates
absorb a large amount of carbon dioxide
from the surrounding environment. The
natural process of carbonation occurs in
all concrete from the surface inward. In
the process of crushing concrete to create
recycled concrete aggregates, areas of the
concrete that have not carbonated are
exposed to atmospheric carbon dioxide.

o Steel fiber reinforced concrete mixtures
required more mixing and placing time
than that of the control mix.

e Dry density decreased when increasing of
the percent of recycle aggregate.

e The compressive strength of RCA
decrease  with the increasing in
replacement of recycles aggregate. Also
with the addition of steel fiber in RCA
there is a marginal increase in
compressive strength.

e The splitting tensile strength of RCA
decrease  with the increasing in
replacement of recycles aggregate. Also
with the addition of steel fiber in RCA
there is a marginal increase in splitting
tensile strength.

e The modulus of elasticity of RCA
decrease  with the increasing in

replacement of recycles aggregate. Also
with the addition of steel fiber in RCA
there is a marginal increase in modulus of
elasticity.

compressive strength and splitting tensile
strength of steel fiber concrete in all cases
was marginally more than no fibers
concrete.

The reutilization of construction and
demolition waste is one of the primary
objectives of sustainable construction.

References

1.

H.S.Peng, H.J. Chen and T.Yen."Strength
and workability of Recycled Aggregate
Concrete". Department of civil
Engineering, National Chung - Hsing
University , Taichung, Taiwan.

Crentsil Sago, K.K., Brown T. and Taylor
A .H.(1999)."Performance of concrete
made with Commercially Produced
Coarse recycles concrete aggregate”.
Journal of Cement and Concrete
Research, 31 (2001); Pp.707-712.

Rao,A. jha, K.N and Misra S.(2005)."Use
of aggregate from recycle construction
and demolition waste in concrete".
Journal of Resources conservation and
Recycling, 50 (2007);71 -81.

Oikonomou, N. D.(2004). " recycle
concrete aggregate ". Journal of Cement
and Concrete composites 27 (2005) ;315-
318.

Topcu, I.B. and Sengle, S.(2002),
"Properties of concrete produced with
waste concrete aggregate”. Journal of
Cement and Concrete Research, 34
(2004);1307 -1312.

Gonzalez, F.B. and Martinez, A.F.(2006).
"' concrete with aggregate from demolition
waste and silica fume. Materials and
mechanical  Properties”. Journal of
Building and Environment, 43
(2008);429-437.

Malhotra, V.M. (1978). "Use of recycled
as new aggregate". Proceedings of the
symposium of energy and resource
conservation in the concrete Industry
CANMET Rep. NO.76-8, CANMET,
Ottawa, Canada (1978);4-16.
Rasheeduzzaafar and Khan, A. (1984)."
Recycled concrete a source of new



10.

11.

12.

13.

14.

15.

16.

17.

18.

S. A. Hameed /Tikrit Journal of Engineering Sciences/Vol.20/No.4/ March 2013, (42-52)

concrete”.  ASTM  Cem,,
aggregate, 6(1)(1984);17-27.
"Value Engineering Benefits", Concrete
Recycling.org. Retrieved 2010-04-05.
"Recycling Revisited". Associated
Construction Publications.
http://www.acppubs.com/article/ CA63165
2.html.

Masato Tusjion, etal "Study on the
application of low —Quality Recycled
Coarse Aggregate To Concrete Structure
By Surface Modification Treatment"2™
Asian Concrete Federation conference-
Bali, Introduction, Nov.20-21-2006.
Yong, P.C and Teo, D.C.L."Utilization of
Recycled Aggregate as coarse Aggregate
in concrete” UNIMAS e-Journal of civil
Engineering Vol.1: issuel/ August 2009.
M. L. Berndt. "Properties of sustainable
Concrete Containing fly ash, slag and
Recycled Concrete Aggregate”.
Construction and Building Materials.
23(2009) pp.2606-2613.

V. Bhikshma, R. Kishore."Development
of stress-strain curves For Recycled
Aggregate Concrete” Asian Journal of
civil engineering (Building and housing)
Vol.11, No.2 (2010). pp253-261.

Oguz Akin Duzgun, Rustem Gul,
Abdulkadir Cuneyt Aydin "Effect of
Steel Fibers on the Mechanical Properties
of Natural Light Weight Aggregate
Concrete”. Science direct. Materials
letters 59 (2005) 3357-3363.

Ong, K.C.G,, Paramasivam, P.,
Subramanian, M., (1997), "Cyclic
behavior of steel-fiber mortar overlaid
concrete beams”, Journal of the Materials
in Civil Engineering, ASCE, 9(1):21-28.
Paskova, T., and Meyer, C. (1994),
"Optimum number of specimens for low-
cycle fatigue tests of concrete”, J. Struct.
Eng.,120(7), 2242-2247.

ACl Committee 544-3R, guide for
specifying, mixing, placing and finishing
steel reinforced concrete, ACI Structural
Journal (1984) 9.

Subramaniam, K. V., Popovics, J. S., and
Shah, S. P. (1999), "Fatigue behavior of
concrete subjected to biaxial stresses in
the C-T region"”, ACI Mater. J., 96(6),
663-669.

concr.,

19.

20.

21.

22.

Sarab A. Hameed, Afaf. J .Obed and
Sumaya A. Hameed "Recycle of Crushed
Brick as Coarse Aggregate in Concrete
with Fibers" Babylon 2010.

L. Kutzing "Shear strength of steel fiber
Reinforced Concrete (SFRC) Beams and
Plates", university Leipzig, 1997.

A, Materchlager and K.Berbmeister

"Fiber  Added Concrete", PHD
symposium in Civil Engineering 1998
Budapest.

M. Herallal, P. Rathis Kumar, Y.V.Rao
"Flexural Fatigue characteristics of steel
Fiber Reinforced Recycled Aggregate
Concrete".(SFRRAC).Facta Universities
Architecture and civil Engineering
vol.7,N1,2009, pp.19-33.

A SO sall Cian D A jad) Al @) ddal sl 23

24.

1984 4w 5
British standards Institution, B.S.882: Part
2:1973, “British standards Specification
for Coarse and Fine Aggregate from
Natural Sources”.

1:\.;_91_9.'\53” (Caugy o Sl cals Lﬁ)_}d Lv'sa. .25

aalal)

. S NS

1984 2y il i<l

< &—lLA)Aﬁ) (R g5 Whe cChug e o lia .26
Aaaladl ¢ pdnll g il e CAluyall La gl es

1984 daixdoa o i<l

49


http://www.concreterecycling.org/economics.html
http://www.acppubs.com/article/CA631652.html
http://www.acppubs.com/article/CA631652.html
http://www.acppubs.com/article/CA631652.html

50

Table (1): The symbols of concrete mixes
and the percent of crushed concrete

Mix NO. % Rr % steel fiber
RcO 0 0
Rcl 50 0
Rc2 100 0
Rcf 1 0 6
Rcf 2 25 6
Rcf 3 50 6
Rcf 4 75 6
Rcf 5 100 6

Table (2): Chemical composition of cement.
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Table (4): Grading of sand.

Sieve No. Natural sand passing % range
mm passing % according to B.S.
882:1973%
9.5 100 100
4.75 90.5 90-100
2.36 74.25 75-100
1.18 64.75 55-90
0.600 30.5 35-59
0.300 15.5 8-30
0.150 3.5 0-10
0.075 0.25 0
pan 0 0

Table(5): Chemical composition of sand.

Compound % by Specification™! S—
weight Test percent | Specification!
Insoluble 0.96 Not more than 1.5 % of granular 0.18 less than0.5
Si0, 13.8 Not more than 21 material
Al,O3 O % Total salt 1.06 less than5
Fe;,03 0 Not more than 6 % other material 0 less than2
MgO 0.8 Not more than 5
S03 1.18 Not more than 2.5 . ;
S3A E5 Not more than 6 Table (6): Grading of gravel.
Loss on 0.89 Not more than 4 - -
ignition Sieve Natural passing % range
No. gravel % according to B.S.
) ) mm passing % 882:1973[24
Table (3):Mechanical Properties of 20 35 85-100
Cement(paste). 95 15 0-25
4.75 0 0-5
Properties Average | Specification™ 0.150 0 0
3 day 19.75 Not less 15 pan 0 0
compressive N/mm?
strength Table(7): Chemical composition of gravel
(N/mm?) ' '
Initial setting 48 Not less 45 min T ]
(min.) est percent Specification
Final setting 510 Not less 10 hours
(min.) % of granular 0.0092 0.1%
Fineness(Kg 303.6 Not less 230 material
/m?) kg/m?
% soluble salt 0.061 5%
% peat 0 2%
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Table(8):Properties of natural and )
Recycled aggregate. Table(ll_): Results of compressive s_tr_ength
Aggregate Gravel | Recycled | Percent of cylinder and Modulus of elasticity.
properties Aggregate | difference Mix NO. | Cylinder Modulus of
— (RCA) (%) Compressive elasticity (Mpa)
Bulk specific 2.65 2.04 23 strength (Mpa)
gravity, Dry RcO 19 20487
Bulk specific 2.66 2.25 154 Rc 1 11.2 23025
gravity, SSD Rc 2 7.5 21793
Apparent specific | 2.64 25 2.3 Rcfl 23.87 20487
gravity Rcf2 21.32 18800
Absorption (%) | 1.5 4.5 200 Rcf3 18.97 182043
Bulk density 1640 | 1425 13 Ref4 16.23 18934.6
(kg/ms) Rcf5 14.64 17983.25
Table (12): Results of splitting tensile strength.
Table (9): Unit weight results mix. No. Y\a/tgg Cus?:gn%?? ([:\;,epsz)'ve
Sample Dry density (kg/m°)
Without SF With SF RcO 05 23
cubic | cylinder | cubic | cylinder Rcl 055 15
Recycled 2286 | 2342 2468 2516 RC2 057 10
concrete(0% Rcfl 05 29.66
gg%eme“t of Rcf2 0.52 28
Recycled 2211 2318 2434 2508 22]:2 822 gg;g
concrete(25% Rcf5 0.58 2156
replacement of
RCA)
Recycled 1867 | 2267 2428 2502
concrete(50%
replacement of
RCA)
Recycled 1720 | 2260 2415 2482
concrete(75%
replacement of
RCA)
Recycled 1654 2250 2403.5 2472
concrete(100%
replacement of
RCA)

Table(10): Test Results of Cubic Compressive stren

mix. No. w/C Cubic Compressive
ratio strength (Mpa)
RcO 0.5 23
Rcl 0.55 15
Rc2 0.57 10
Rcfl 0.5 29.66
Rcf2 0.52 28
Rcf3 0.54 25.78
Rcf4 0.56 23.89
Rcf5 0.58 21.56
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Fig.(2)Influence of Using Recycle Concrete
Compressive Strength in cylinder. Fig (4)Influence of water /cement ratio.




