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Abstract

The growing problem of worn-out tires disposal in Iraq can be alleviated if new
recycling routes can be found for the surplus tires. One of the largest potential routes is in
construction, but usage of worn-out tires in civil engineering is currently very low.
The current work aims to take advantage and get rid of car worn-out tires in the construction of
reinforced concrete corners; such facility is cheap and environment friendly, with good thermal
insulation and low density compared with the normal concrete .The worn-out tire fibers are
added to the concrete mixture by replacing the weight of the coarse aggregate (gravel) with
different ratios (5, 15, 25) percent, and for each replacing ratio , three different fiber lengths
(2,4, and 6) cm are used and the width and thickness of each fiber is kept constant ( 1, 0.7 ) cm,
respectively. Tensile reinforcement ratio adopted in the study for all specimens is (0.0081). Ten
corner were specimens tested under static load tending to open the corner angle, nine of them
with waste tire fibers and one without worn-out tire fibers .Length of the leg is (550) mm and
cross section is (150x150)mm .The strength of corner samples were recorded during the test
.Test results indicated a decrease in the strength of the corner about 21%, 30%, 43% for corners
with ~ fiber length 2cm and fiber ratios (5,15,&25) percentage respectively.
When the length of the fiber changed to 4cm and 6 cm, the reduction in ultimate strength
becomes (30%, 36%, 47%), and (32%, 38%, 49%) respectively.
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Introduction

In numerous structures, continuity between two adjacent members is necessary even though the
members meet angle. The joint formed from this meeting usually refers to the "corner”. The term
"corner” in this investigation is used to describe a corner joint formed by the joining; at 90°, of
the ends of two flexural members. The terms "opening" and “closing" the corner are used to
describe the increase and decrease of this right angle, respectively. Result of the wide progress
that was achieved in the transportation and the wide use of vehicles gave birth to various
problems and one of them is the environmental pollution. The combustion of large quantities of
worn-out tires got accumulated, thus facing very serious problems of safe disposal, either by the
wide land which was needed to store or by the incineration of the large quantities. As the
substance is little affected by water and biological factors and maintains its stability in nature for
a relatively long time, some countries have adopted the method of burning worn-out tires
underground as a mean of getting rid of them to avoid further pollution of the environment
which may result from burning the material .Hence, to avoid the hazardous effect of chemical
gases resulting from the burning process such as sulfur dioxide and the distribution of fine carbon
particles in the air, many researches ©®®have endeavored to make use of enormous quantity of
waste rubber tires and decrease environmental pollution resulting from them. Generally
speaking, this material was mixed with asphalt to produce road —paving mixtures that provide
higher flexibility ©®©®and better shock-absorbance material in addition to its reducing noise
resulting from the movement of vehicles and their friction with the ground .On the other hand,
some countries use a small part of worn-out tires to manufacture shock protection layers for
platforms subjected to sea waves and ship movement . Accordingly, the idea of using a material
of chopped worn-out tires in construction material industry emerged as it enjoys several favorable
characteristics such as high resistance to weather conditions, temperature and humidity, low
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water absorption and light weight in comparison with other materials that are usually used . it is
also characterized by its high-insulation capacity.

Objectives of the Present research work

This research will focus on the study of strength and behavior of reinforcement concrete corner
modified with recycled rubber from worn —out tires. This study attempts to use the tire rubber as
a partial replacement of coarse aggregate to produce rubberized concrete. By using rubber waste
to produce lightweight concrete expected to be more durable, less expensive (low material cost
and easy to manufacture) and absorb higher energy under impact. The used tires will be replacing
the coarse aggregate (gravel) at amounts of (5%, 15%, 25%) by weight for different corner
samples. Corner strength and deflection will be investigated based on the above replacement
ratios

This study also tends to comprise the following objectives:

1-Comparison between (rubberized concrete) and (normal concrete),

2-Production of cheap building elements from (waste tire)

3-Reduction of the solid waste to keep the environmental effects at the minimum levels
especially in poor cities.

4-Help to encourage the industrials to recycle solid waste and use them in industrial production
and improve solid waste management by using recycling of its parts in industrial technique.
5-Using clear production techniques and friendly environmental products in treatment and
production of the material used industry from solid waste.

Material

Cement:

Ordinary Portland Cement, Type |, manufactured by a Lebanese factory is used in this study.
Test results indicate that the adopted cement conforms to the Iragi Specification No.5/1984.

Fine Aggregate:

Al-Ekhaider natural sand of 4.75 mm maximum size is used as fine aggregate. Results indicate
that the fine aggregate grading is within the requirements of the Iraqi Specification No.45/1984
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Coarse Aggregate:

Crushed gravel with maximum size of (10mm) is used in this study. The obtained results
indicate that the coarse aggregate grading is within the requirement of the Iragi specification No.
45/1984

Rubber aggregate:

Fiber rubber worn-out tires of small cars are used. Tires were cut by hand, into small fiber with
different sizes (1 * 0.7 * 2) cm, (1 * 0.7 * 4) cm,(1 *0.7 *6)cm, and used with weight of coarse
aggregate ratios (5%, 5%,25%) figure(1) .Table(1) percentages and dimensions Worn-out Tires
rubber used, table (2)chemical composition of rubber Worn-out tire, and physical properties of
tires are shown in table(3).

Figure (1) fiber lengths of rubber
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Table (1) Percentages and Dimensions Worn-out Tires rubber used.

1 CR 0%
20 10

2 2C5 5%
20 10

3 2C15 15%
20 10

4 2C25 25%
40 10

5 4C5 5%
40 10

6 4C15 15%
40 10

7 4C25 25%
60 10

8 6C5 5%
60 10

9 6C15 15%
60 10

10 6C25 25%

Table (2) Chemical composition of Worn-out Tire

48%

31%

15%

2%

4%
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Table (3) Physical Properties of Worn-out Tire

1.16 ASTM D792
1.16 g/cm? ASTM D1895-03
9 MPa (N/mm) ASTM D412-02
150% ASTM D412-02
64 ASTM D2240-05
1.12% ASTM D540

Mixing Water:
Tap water is used for casting and curing all the specimens.

Steel Reinforcement:

Tensile test of steel reinforcement is carried out on (¢ 10mm) deformed and (¢ 6mm) plain
hot rolled. Table (4) gives the results of tensile test for the used bars

Table (4) Properties of used Steel Reinforcement

6 6.19 433 471 200
10 10.1 533 610 200

Curing and Age of Testing:

After (24) hours, the control specimens are stripped from the molds and cured (kept) in water
bath for (28) days with almost constant laboratory temperature, and (24) hours before the time of
test, they are taken out of the water bath and left in the air of dry surface and get tested in
accordance with the standard specifications.

Rubberized concrete:

The concrete mixed with waste rubber added in different weight proportions is called rubberized
concrete, and is an infant technology. Partially replacing the coarse or fine aggregate of concrete
with some quantity of small waste tire fiber can improve qualities such as low unit weight, high
resistance to abrasion, absorbing the shocks and vibrations, high ductility and low brittleness and
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so on to the concrete®@4, Moreover the inclusion of rubber into concrete results in higher
resilience, durability and elasticity. The current work aims to take the worn-out tire fibers are
added to the concrete mixture by replacing the weight of the coarse aggregate (gravel) with
different ratios (5,15,25) percent, and for each replacing ratio , three different fiber lengths (2,4,
and 6) cm are used and the width and thickness of each fiber is kept constant ( 1, 0.7 ) cm,
respectively. Tensile reinforcement ratio adopted in the study for all specimens is (0.0081).
Figure (2) details of Tested Corners

00

@6 @ somm—

«—in—

——§——

20 T

Al
Dimensions
in mm

Figure (2), Details of Tested Corners: (A) Overall Dimensions (B) Leg Cross
Section (C) Corner Base Cross Section

Testing of Corners

All corner specimens are tested by using the universal testing machine (MFL system) under
monotonic loads to ultimate states. According to the circumstances of this test, the specimen
(concrete corner) is supported to be hinged at one leg and rolled in the other leg upon this
apparatus, using two hooks in one side to achieve the hinged situation. The upper and lower parts
of concrete corner are modified to make the applied loads act as a coupled situation on each
sides, this leads to open the corner , as shown in Figures (3) and (4)
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Figure (3) Corner Set up

Thin wooden patches are inserted between the concrete and points of loads to provide even
surface. The loads are applied in successive increments up to failure. All corners are tested at
ages of (28) days. All models are failed with bearing. Figure (5-8), Failure Shape for Corners

4

Figure (4), Details of Corner under Testing

Ultimate Strength of Corners:

The applied load to corner tends to open the angle, using different fiber size, (2, 4, and 6 cm) and
proportion (5%, 15%,, and 25% ) has an important effect on strength of rubberized concrete
corner. Table (5) and Figure (9) shows the ultimate strength of tested corners.

Test results show that, the rubberized concrete corner(2C5, 2C15, and 2C25) developed ultimate
moment of 6.02 kN.m, 5.30 kN.m and 4.30 kN.m respectively. The decrease in strength is (21%,
30% and 43%) respectively, compared with ultimate strength of reference corner (CR). This
decrease in strength is mainly due to increase of worn-out tire rubber proportion (5%, 15%,, and
25% ) with fiber length of 2 ¢ m.Test results show that, the rubberized concrete corner (4C5,
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4C15, and 4C25) developed ultimate moment of 5.30 kN.m, 4.87 kN.m and 4.01 kN.m
respectively.

v -

Face A

Face B

Figure (5), Failure Shape for Corner (CR)

”N

Figure (6), Failure Shape for Corners (2C5, 2C15, 2C25).
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Figure (7), Failure Shape for Corners (4C5, 4C15, 4C25).
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Figure (8), Failure Shape for Corners (6C5, 6C15, 6C25).

Table (5), Ultimate Strength for Tested Corners

CR = Reference corner
Mu = Ultimate strength of tested corners
MuR = Strength of reference corner = 7.6 kN.m

The decrease in strength is (30%, 36% and 47%) respectively, compared with ultimate strength
of reference corner (CR). This decrease in strength is mainly due to increase worn-out tire rubber
proportion (5%, 15%,, and 25% ) and increase in the length fiber to 4 cm . Test results show that
the rubberized concrete corner(6C5, 6C15, and 6C25) developed ultimate moment of 5.16 kN.m,
4.73KN.m and 3.87kN.m respectively. The decrease in strength is (32%, 38% and 49%)
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respectively, compared with ultimate strength of reference corner (CR). This decrease in strength
is mainly due to increase worn-out tire rubber proportion (5%, 15%,, and 25% ) and it increases
in the length fiber to 6cm.In general the addition of worn-out tire rubber proportion (5%, 15%,,
and 25% ) and the increase in length of fiber reduces the compressive strength , as shown in
Figure(9). This reduction can be explained by the following:

The rubberized concrete containing mineral aggregates and rubber aggregates. Mineral
aggregates usually have high crushing strength and are relatively incompressible, whereas rubber
aggregates are ductile and compressible .1t is affected by the strength of its components.

The number of voids increases in the mixes containing worn-out tire rubber which would affect
the compressive strength negatively. It is well known that the presence of voids in concrete
greatly reduces its strength: 5% voids can result in a strength reduction of more than 10%
(Neville)

Rubber aggregates has a very low modulus of elasticity and a Poisson’s ratio. Therefore rubber
aggregates tend to behave like weak inclusions or voids in the concrete, resulting in a reduction in
compressive strength.

The rubberized concrete requires higher W/C ratio to achieve suitable workability. This property
results in the lower strength.

5- The lower density the lower the compressive strength as shown in Table (5).

= MU (Kn.m)

moment(KN.m)
'S

CR 205 2C15 2025 4C5 4C15 4C25 6C5 6C15 6C25

Cornerstypes

CR Reference corner

Figure (9) The rubberized concrete corner strength.
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Conclusions

Concrete mixes were prepared with worn-out tire rubber strips(rubberized concrete corners 2C5
,2C15 ,2C25 ,4C5 ,4C15 ,4C25 ,6C5 ,6C15,and, 6C25 ). One corner made without addition of
worn-out tire fibers(CR=Reference corner). The others were made with worn-out tires of
different fiber lengths(2,4,and 6¢cm) and with different ratios (5%, 15%, 25%). From this research
work several conclusions are reached:

1-In general the addition of worn-out tire rubber proportion (5%, 15%.,and 25% ) and
the increase in length of fiber reduces the compressive strength

2- Rubberized concrete corners (2C5, 2C15, 2C25, 4C5, 4C15, 6C5 and 6C15), showed an
increase in the total deflection such as (125%, 46%, 21%, 76%, 2%, 10% and 4%) respectively,
compared with the total deflection of reference corner (CR) with more cracks.

3- Corners with worn-out tire fibers of lengths of (2 cm) showed better behavior than those with
lengths of (4 cm, 6¢cm) .

4- The use of worn-out tire rubber in the concrete led to a lack of crumbled concrete and not
disintegrate.

5- The addition of worn-out tire rubber to the concrete has contributed to the reduction
of environment pollution and availability of clean places and saving money. Which
might have been used to clear the worn-out tires.

References

[1]Mayfield B., Kong F. K., Benison A. and Davies J. C. D. T., "Corner joint details in
structural lightweight concrete” ACI Journal, VVol.68, No0.37, May 1971, pp. 366-371
[2]JAL-Khafaji J. M. N., "The effect of size and percentage of tension reinforcement on the
behavior of reinforced concrete corners under static and repeated loading” , Ph.D.

Thesis, University of South Ampton, England, March 1981.

[3]Dufton, P.W., “The value and use of scrap tires”, Aspecial report from RAPA
tehnology Ltd.1988

[4]AL-Salim F .T, “Strength and behavior of reinforced concrete corner modifed by steel
fiber”, M.Sc. Thesis, Al-Mustansria Univeraity, Iraq, 2009, 105P.

[5] Senthil Kumaran, G. Nurdin Mushule, and Lakshmipathy, M. "A Review on
Construction Technologies that Enables Environmental Protection: Rubberized
Concrete”, American , Journal of Engineering and Applied Sciences 1 (1): 2008, pp
40-44.

28



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012 ISSN 1813- 7822

[6]Guogiang Li, Michael, A. Stubblefield, Gregory Garrick, John Eggers, Christopher
Abadic and Baoshan Huang,. "Development of waste tire modified concrete", Journal
Cement and Concrete Research VVol.34, 2004, pp.2283-2289.

[7]Cairns R.,Kew H. Y., Kenny M. J, " The Use of Recycled Rubber Tyres in Concrete
Construction”, M.SC Thesis. The University Strathclyde in Glasgow, October 2004, p
65.

[8]AL-Khamisi D.T., "Study of the material characheristics and structural behavior of
lightweight chopped worn-out tires concrete masonry walls”, M.SC Thesis University
of Tenchnology ,Baghdad July-1999 .145 p.

[9]Gregory GRRICK, "Analysis of waste tire modified concrete". In: 2004 ME Graduate
Student Conference, Louisiana State University,2004

[L0]Raghavan, D., 'Study of rubber-filled cementitious composites ”, Journal of Materials
Science., Vol.77, 2000, pp.934-942.

[11] Wang, Y., H.C. Wu and V.C. Li, "Concrete reinforcement with recycled fibers "
Journal of Materials in Civil Engineering, ASCE, 2000,12: 314-319.www.

[12]Biel, T. D. and Lee, H., “Magnesium Oxychloride Cement Concrete with Recycled
Tire Rubber,” Transportation Research Record, No. 1561, November 1996, pp.6-12.
[13]Lee, B.1., L. Burnett, T. Miller, B. Postage and J. Cuneo, "Tire rubber/cement matrix

composites. ”Journal of Material Science, Vol.12,N0.13, 1993, pp 967-968.

[14] Raghavan, D., "Study of rubber-filled cementitious composites ", Journal of Materials

Science., Vol.77, 2000, pp.934-942.

29



