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Abstract

Large quantities of waste tires are generated every year. The proper disposal of the tires creates an increasing problem that needs to be addressed.
Many researchers have investigated the use of recycled tire products in several traditional Civil Engineering materials. The use of crumb rubber and tire
chips in Portland cement concrete has been the subject of many research projects over the last years. This study is focusing on the use of steel beads, a by-
product of the tire recycling process, in concrete mixtures. Different concrete specimens were fabricated and tested in uniaxial compression and splitting
tension. The main variable in the mixtures was the volumetric percentage of the steel beads. The experimental results indicate that although the
compressive strength is reduced when steel beads are used, the toughness of the material greatly increases. Moreover, the workability of the mixtures
fabricated was not significantly affected.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Because of the environmental threat associated with the waste
tires, their proper disposal has attracted a lot of attention in the last
years. In the United States alone, 290 million tires are generated
per year along with an existing 275 million tires currently
stockpiled throughout the nation [1]. In order to properly dispose
of these millions of tires, the use of innovative techniques to
recycle them is important. Without the proper disposal of these
waste tires, the resulting stockpileswould causemajor health risks
for the public and the environment [2–4].

There has been an increased interest in using the recycled
waste tire products. This interest is proven by a higher than 80%
use of scrap tires produced in the United States for beneficial
use, as opposed to only 25% in 1990 [1]. Thanks to Civil
Engineering research, numerous uses of scrap tires have been
introduced, including use in landfills, septic drain fields,
subgrade fill, and chemically modified asphalt binder [1,5].
Of particular interest is the use of waste tires in Portland cement
concrete.
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The two main products of the tire recycling are: (i) crumb
rubber and (ii) tire chips (see Fig. 1a). Crumb rubber consists of
ground rubber particles, while tire chips are larger shredded
rubber pieces, which contain a relatively small quantity of steel
wires. A byproduct of the recycling process is the waste steel
bead. The beads in the passenger tires are made of high tensile
strength steel wires (1500–1900 MPa) and are used to secure
the tire in the rim. The recycled steel beads, being products of
the magnetic separation, include short steel wires as well as
wires covered by or embedded in rubber pieces (see Fig. 1b).
The difference between the tire chips and the steel beads is that
the steel beads contain a much smaller quantity and size of
rubber pieces and larger quantity of steel wires, as indicated by
the rubber and steel volume fractions shown in Table 1. As the
steel beads are currently not being reused, it would be
environmentally beneficial to study their potential use as a
recycled material.

The use of crumb rubber and tire chips in concrete for
recycling purposes has attracted a lot of attention [5–17]. It has
been reported that the replacement of coarse aggregate with
waste tire chips in Portland cement concrete mixtures results in a
significant increase of toughness and ductility [5–9,14,15]. On
the contrary, losses in compressive strength of up to 85% have
been reported when replacing the entire coarse aggregate
fraction with tire chips [5–10,14–17]. The type of tire that is
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Fig. 1. Tire chips (a) vs. steel beads (b).

Table 1
Properties of recycled tire materials

Tire chips Crumb rubber Steel beads

Volume rubber 95–99% 99–100% 30–70%
Volume steel 1–5% 0% 30–70%
Density (g/cm3) 0.9–1.5 0.8–1.2 1.6–3.8
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used to replace the coarse aggregate plays a very important role
in the performance of the concrete mixture. Tire particles from
truck tires are much stiffer than those of car tires, leading to
stronger and stiffer concrete mixtures [5,7,17]. Along with the
reduction in compressive strength, significant losses in the
stiffness of the specimens were reported [5–8,15]. The improved
ductility and toughness could be very beneficial in several civil
engineering applications. However, the large decrease of
compressive strength makes the recycling of waste tire products
in concrete unattractive. While the use of both crumb rubber and
tire chips has been widely investigated, no study has explored
the potential incorporation of waste steel beads. The purpose of
the experimental work presented in this study was to investigate
the use of waste tire steel beads in Portland cement concrete.

Since the steel beads contain a significant volumetric
percentage of steel wires (30–70%), the recycled steel bead
concrete (RSBC) could be considered as a relative material to
steel fiber reinforced concrete (FRC). However, main differ-
ences between the FRC and the RSBC exist: (i) the existence of
rubber in RSBC, which is absent in FRC, and (ii) the identical
dimensions and properties of the steel fibers used in the FRC,
compared to large variations in shape, length, diameter and
mechanical properties of the steel bead wires. The addition of
steel fibers in FRC results in improvement of most mechanical
properties [18–20]. The ductility and toughness is reported to
increase, while no reduction in compressive strength is reported.
Although previous findings suggest that that the increase in
tensile strength provided by steel fibers typically is high, the
increase in compressive strength typically does not exceed 25%
[18]. Furthermore, the increase in compressive strength can be
considered negligible when the volume fraction of the fibers is
small.

The authors believe that the RSBC will exhibit better
mechanical properties compared to concrete made with the addi-
tion of other recycled tire products such as crumb rubber or tire
chips. Based on a review of the effects that crumb rubber, tire
chips and steel fibers have on the freshly mixed and hardened
properties of concrete, the authors believe that the incorporation
of steel beads in concrete could lead to a viable, environmentally
friendly material with attractive properties.
2. Experimental design

2.1. Mix design and materials

The control mix of concrete was designed with a mix ratio of
cement/water/sand/coarse of 1.0:0.45:1.2:2.0 by weight. This
mix design yielded an average 28 day compressive strength of
40.92 MPa (5935 psi). In the concrete mix, a Type I/II Portland
cement was used. The fine aggregate had a specific gravity of 2.7
and a fineness modulus of 2.8. The coarse aggregate had a
specific gravity of 2.65 with a maximum aggregate size of
12.5 mm (1/2 in.).

The waste tire particles used consisted of steel beads, which
were generated by the tire shredding process. The recycled tires
originate from different vehicles and therefore, there is a high
variability in terms of physical and mechanical properties. Their
tensile strength also varies from 1500 to 1900 MPa. The steel
beads used in this study, consisted of steel wires of varying lengths
(20 to 60 mm) and diameters (0.3 to 1.3 mm) as well as rubber
particles bonded to the wires. Their cross section was typically
circular. The density of the steel beads was found to be appro-
ximately 1.6 g/cm3. The maximum size of the rubber particles
was 12.5 mm (0.5 in.), while the volumetric percentage of the
steel wires in steel beads was approximately 30%. The steel beads
were substituted into the concrete mix in volumetric percentages
of 2%, 4%, 6%, and 8%. There were no admixtures used in these
mixes.

2.2. Specimen preparation

A total of 84 cylindrical specimens were fabricated and cured
according to ASTM C 192-00. For each mix, a minimum of
twelve cylindrical specimens were created measuring
100 mm×200 mm (4 in.×8 in.). All mixes were tested at
28 days with a minimum of six cylinders for compressive tests
and six cylinders for splitting tension tests. For the steel bead
percentage of prime concern (2% and 8%) a second batch was
made producing another twelve specimens. All of the speci-
mens were moist cured in a humidity controlled curing room.

2.3. Specimen testing

At the time of mixing, the slump and entrained air were
recorded for each batch made. After the appropriate curing time,
the compressive strength and splitting tension strength were
obtained in accordance with procedures based on ASTM C39-
03 and ASTM C 496-04, respectively. The compressive and
splitting tension strengths were determined using a 1.8 MN
(400 kip) Tinius Olsen universal testing machine. The



Table 2
Experimental results

Steel bead content Slump
(cm (in.))

Air content (%) Density
(kg/m3 (lb/ft3))

Compressive strength
(MPa (psi))

Modulus of elasticity
(GPa (ksi))

Splitting tension strength
(MPa (psi))

0% 17.8 (7.0) 1.7 2387 (149.0) 40.92 (5935) 29.23 (4240) 2.82 (410)
2% 16.5 (6.5) 1.6 2373 (148.2) 40.13 (5821) 25.86 (3752) 2.75 (398)
4% 15.3 (6.0) 1.6 2355 (147.0) 35.39 (5133) 25.44 (3690) 2.64 (383)
6% 14.0 (5.5) 1.9 2325 (145.1) 33.43 (4848) 25.99 (3770) 2.55 (370)
8% 11.4 (4.5) 2.1 2310 (144.2) 30.07 (4361) 22.06 (3196) 2.47 (358)
P-value 0.00226 0.102 0.000887 0.00256 0.0471 0.000105
Correlation
coefficient

−0.98 −0.802 −0.992 −0.983 −0.883 −0.998

Fig. 2. Variation of 28 day compressive strength and splitting tension strength.
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compressive specimens were instrumented with a compress-
ometer and LVDT to record deformation and a load cell to
record the applied load. The splitting tension data was obtained
using an LVDT measuring crosshead movement along with a
load cell.

3. Analysis of results

Several properties of the RSBC mixtures were examined in
this study. The properties are separated into two main
categories: (i) freshly mixed concrete properties and (ii)
hardened concrete properties. The effects of the steel beads on
the concrete mixture properties are presented below.

3.1. Freshly mixed RSBC properties

The freshly mixed concrete properties under investigation
include workability the air content. The workability was
measured using the slump test, described in ASTM C143. The
findings from this study are similar to the ones reported fromother
researchers who used FRC [18–20] and tire chips [6,10,13,15].
The effect of the steel bead content on slump is presented in
Table 2. The slump decreases at a constant rate as steel bead
content increases. In the current study, although the slump
decreased, the mix remained workable (slump higher than
100 mm) at all steel bead contents. The steel wires had a tendency
to interlock during the mixing process, leaving localized areas of
high steel and rubber. This “balling” effect during mixing is also
reported by several researchers who incorporated high volume
fractions of steel fibers in FRC concrete mixtures [18–20]. The
interlocking action of the wires was apparent before the mixing
process and was more noticeable at higher volume fractions. In
order to avoid this “balling” effect the steel beads were separated
by hand before being placed in the mixer.

The air content of the RSBC mixtures was measured using
standard ASTM approved testing equipment. The experimental
results indicate that the air content for the control mix was 1.7%.
It decreased to 1.6% when 2% and 4% steel beads were used.
Past 6% the air content began to slightly increase with an
increase in steel bead content. The air content results with
respect to the steel content are presented in Table 2. In all cases,
the air content was kept less than 2.1%. It can be concluded
that the variations in air content are not significant (R=−0.8
and p-value=10.2%). This finding is not consistent with findings
from studies that reported that the addition of high volumes
of rubber particles in concrete increases the air content
[6,3,9,10,12]. It was suggested that the non-polarity of rubber
causes water to be repelled from the surface of the rubber particles
and air to consequently be trapped on the surface [3,12].
Furthermore, the addition of steel fibers in FRC is reported to
result in very small increases of air content as well [20,21]. We
believe that this phenomenon is not evident here mainly because
relatively small volume fractions of steel beads (and therefore
rubber) were used.Moreover, the relatively small number of tests,
only one per mixing batch, reduces the confidence and could
result in experimental error.

3.2. Hardened RSBC properties

The properties of hardened RSBC investigated in this study
include the density, compressive strength, splitting tensile
strength, and toughness. As mentioned before, the RSBC is a
common Portland cement concrete mixture that contains rubber
particles as well as steel wires. The rubber particles were
expected to be the weak links in the mixture while the high
strength steel fibers were expected to provide strength and
ductility. Similarities with properties of waste tire modified
concrete and steel fiber reinforced concrete were anticipated.

The steel beads are less dense than natural coarse aggregate
used in this study. Therefore, it was expected that the addition of
steel beads would result in a small reduction of RSBC density.
The findings presented in Table 2. suggest that the steel bead
content has a very small effect on the density of the concrete
mixture. The density for the control mix was 2387 kg/m3 while



Fig. 3. 28 day compressive stress–strain curves.
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the mix containing 4% steel beads had a density of 2310 kg/m3.
A regression analysis indicated that the density decreases with
an increasing steel content at a linear rate (R=−0.99 and
p-value=0.0887%).

The uniaxial compression tests prove that the addition of
steel beads does not enhance the compressive strength of the
RSBC. On the contrary, the larger the amount of steel beads in
the mix, the higher the losses in compressive strength. The
experimental results are shown in Fig. 2, where the percent of
the retained compressive strength is presented versus the steel
bead content. The reduction in compressive strength can be
explained by the following arguments:

• The rubber particles, which are much softer than the
surrounding cement matrix, cause cracking at the rubber–
cement interface upon loading. These cracks then propagate
through the specimen and lead to failure [10]. This elastic
imbalance may cause the rubber particles to act as voids in the
specimens, and thus supply no major resistance to loading [6].

• The replacement of hard, dense aggregate with a less dense
rubber will cause loss in strength because the strength of
concrete is highly dependent on these aggregate properties
[10,11,16].
Fig. 4. 28 day splitting tension load–deflection curves.
• Since the steel beads contain both steel wires and rubber
particles, a possible interlocking will lead not only to an area
with increased steel content but also to possibly increased
rubber content. A higher reduction of strength at higher
percentages of steel beads can be explained by the fact that
there is a higher possibility of “balling” at higher steel bead
volume fractions.

Based on the mechanical properties and geometry of the
constituent materials it was expected that the steel beads will have
not as strong effect on the compressive strength and stiffness of
the concrete mixture as the tire chips and the crumb rubber. Li et
al. reported that an addition of 8% tire chips in concrete results in a
decrease of approximately 40% in compressive strength and 20%
in Young's modulus [5–7]. From Table 2, we can see that the 8%
RSBC exhibits 25% lower compressive strength and Young's
modulus than the control mix.

In order to examine the effects of the steel bead content on
the compressive strength and the modulus of elasticity a
statistical analysis was performed. The coefficients of correla-
tion were calculated as −0.983 and −0.883 while the p-values
were 0.00256 and 0.0471, respectively (see Table 2). Therefore,
we can conclude that there is a very strong correlation between
the steel bead content and the compressive strength.

Although a reduction in the compressive strength was
noticeable, an increase in ductility can be seen for the 2% and
4% steel bead contents (see Fig. 3). The increase was
approximately 20%. On the contrary, no increase in ductility
was recorded for the higher than 6% RSBC. The steel wires
contained in the steel beads act as reinforcement, since they help
resist crack growth, and allow for an increased ductility. The
increase in rubber content and “balling” effect could have
counteracted the gains because of the steel fibers in the cases of
6% and 8% RSBC. The large difference in elastic stiffness
between the rubber and cement introduces stress concentrations at
the interface region, which then lead to cracking and failure. It
should be noted, that the 2% RSBC exhibits only minor losses
(2%) in compressive strength with substantial gains in ductility
(20%).

From the splitting tension testing it was observed that there is a
linear decrease in the splitting tension strength when increasing
Fig. 5. Splitting tension failure interface (6% steel bead content).



Fig. 6. Relationship between compressive strength and tension strength.
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quantities of steel beads are used in the mixture (R=−0.998). A
bar chart presenting the splitting tension strength versus the steel
bead content of the specimens can be seen in Fig. 2. It is clear that
the compressive strength reduces at higher rate than the splitting
tension strength with increasing steel bead content. The reduction
in splitting tension strength can be attributed to the existence of
rubber particles. The non-polarity of the rubber as mentioned
previously attracts air to its surface and therefore reduces the bond
with the cementitious matrix.

The examination of the load deflection curves, shown in Fig. 4,
leads to the conclusion that the specimens containing steel beads
exhibit much higher toughness. Although the control specimen
split in two pieces immediately after the cracking, the RSBC
specimens underwent a significant deformation without disinte-
gration (see Fig. 4). Similar behavior is reported for rubber fiber
and steel fiber reinforced concrete [5,7,18–20]. The steel wires,
(Fig. 5) acting similarly to the fibers in FRC, permit the concrete
specimens to exhibit large deformations while resisting signifi-
cant post-cracking load. Regardless of the steel bead percentage
used in the RSBC the experiments had to be stopped because the
specimens did not separate (the recorded deformations exceeded
3 mm). The maximum allowed deformation presented in Fig. 4
was limited to 2 mm. From a close examination of the load–
deflection curveswe can see that the initial slopes of the RSBC are
slightly steeper than the slope of the control mix. This
phenomenon can be explained by the “tension stiffening” which
is very common in steel FRC [22,23]. After the initial cracking of
the matrix, the steel fibers hold the microcracking mechanism and
limit crack propagation. Due to the “tension stiffening”, the
toughness and ductility are said to be significantly improved [22].
The increase in stiffness is not as high in RSBC as is in steel FRC
but it still is noteworthy.

During the splitting tension testing, the effect of the steel
beads was apparent. After the initial cracking, the steel wires
appear to control the cracking of RSBC and alter the post-
cracking behavior. It was apparent that after the initial major
cracking, the recorded load would briefly decrease, followed by
an increase as other wires took the load. The steel beads in the
specimens seem to provide a load redistribution mechanism
after the initial cracking. It was impossible to separate the failed
specimens because the steel wires were bridging the gap and
keeping the two concrete parts together. Similar behavior has
been reported for concrete with tire chips [5,7] as well as steel
FRC tested in splitting tension [24]. Although the addition of
2% waste steel beads significantly increased the toughness,
there was no difference in toughness among the RSBCs when
the steel bead content increased. The high toughness of the steel
bead mixes indicates that steel bead concrete mixtures have
excellent potential in structures that are required to absorb large
amounts of energy (such as blast resistant structures).

The relationship between the tensile strength and the compres-
sive strength is very important. More specifically, the ratio of the
compressive to tensile strength is being used in several theoretical
models [25,26]. A comparison of the compressive strengths of the
specimens with the splitting tension strength has indicated that
there is a significant relationship. A regression analysis of the
experimental data resulted in the following equation:

fct ¼ 0:44
ffiffiffiffi
fc V

p
; ð1Þ

where fct is the splitting tension strength, and fc′ the compressive
strength of the concrete mixtures. The values obtained from the
equation were plotted versus the experimental data and are shown
in Fig. 6. The coefficient of correlation was calculated as R=0.97
while the p value was found to be less than 0.1%. Our results are
consistent with previous studies [27,28]. In all cases, the splitting
tensile strength increases as the compressive strength increases, but
the ratio of splitting tension strength to compressive strength
decreases with an increasing compressive strength. Arioglu et al.
[28] evaluated the relationship between compressive and splitting
tensile strength for a wide range of Portland cement concrete
mixtures. One of the three equations they suggest, shown below, is
very similar to Eq. (1):

fct ¼ 0:39
ffiffiffiffi
fc V

p
þ 0:037: ð2Þ

Hence, it can be concluded that the ratio of splitting tension to
compressive strength of RSBC is similar to the reported ratios of
most common concretes.

4. Conclusions

Based on the results obtained and the observations made
during testing of the specimens, the following conclusions can
be made:

• Concrete mixtures can be made containing small volume
fractions of waste tire steel beads. The mixes are workable up
to 4% volume fractions although there is a decrease in
workability with an increase in steel bead content.

• The inclusion of waste tire steel beads slightly reduces the
density of a concrete specimen when compared to the control
mix.

• The addition of steel beads in the concrete mixture results in
a reduction of the compressive strength.

• When 2% steel beads are used in the mixtures the
compressive strength reduction is minimal (2%) while
there is a 20% increase in ductility.

• The control mix exhibited higher strength in splitting tension
than the specimens with steel beads. An increasing amount
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of steel beads in the mixture leads to a linear decrease in
strength.

• Splitting tension tests indicate that concrete mixtures that
contain any percentage of steel beads have much greater
toughness than the normal concrete mixture.

• Failed splitting tension specimens did not separate because
the steel wires act as reinforcement.

• An empirical equation was determined, that can relate
compressive with splitting tension strength of the concrete
mixtures containing steel beads.

• More research is needed prior to making solid conclusions
on the performance of steel bead concrete mixtures.

Acknowledgments

This study was supported by the University of Massachusetts
Dartmouth. The authors would like to thank Dr. D.A. Tata and
Dr. William Edberg for their helpful comments, as well as
students: Michael Rodrigues, Jonathan Novak, and Asa Mintz
for their assistance.

References

[1] Rubber Manufacturer's Association, U.S. Scrap Tire Markets 2003
Edition, Rubber Manufacturer's Association, Washington, D.C., 2004.

[2] T.R. Naik, S.S. Singh, Utilization of discarded tires as construction materials
for transportation facilities, Report CBU-1991-02, UWM Center for By-
products Utilization, University of Wisconsin-Milwaukee, 1991, p. 16.

[3] R. Siddique, T. Naik, Properties of concrete containing scrap-tire rubber –
an overview, Waste Management 24 (2004) 563–569.

[4] S.S. Singh, Innovative applications of scrap-tires, Wisconsin Professional
Engineer (1993) 14–17.

[5] G. Li, M.A. Stubblefield, G. Garrick, J. Eggers, C. Abadie, B. Huang,
Development of waste tire modified concrete, Cement and Concrete
Research 34 (12) (2004) 2283–2289.

[6] N.N. Eldin, A.B. Senouci, Measurement and prediction of the strength of
rubberized concrete, Cement & Concrete Composites 16 (1994) 287–298.

[7] G. Li, G. Garrick, J. Eggers, C. Abadie, M.A. Stubblefield, S.S. Pang,
Waste tire fiber modified concrete, Composites. Part B, Engineering 35
(2004) 305–312.

[8] H.A. Toutanji, The use of rubber tire particles in concrete to replace
mineral aggregates, Cement & Concrete Composites 18 (1996) 135–139.

[9] M. Nehdi, A. Khan, Cementitious composites containing recycled tire
rubber: an overview of engineering properties and potential applications,
Cement, Concrete, and Aggregates, CCAGDP, vol. 23 (1), 2001, pp. 3–10.
[10] Z.K. Khatib, F.M. Bayomy, Rubberized Portland cement concrete, Journal
of Materials in Civil Engineering (1999) 206–213.

[11] P.K. Mehta, P.J. Monteiro, Concrete, Structure, Properties, and Materials,
2nd editionPrentice-Hall, New Jersey, 1993.

[12] D. Fedroff, S. Ahmad, B.Z. Savas, Mechanical properties of concrete with
groundwaste tire rubber, TransportationResearchBoard 1532 (1996) 66–72.

[13] F. Hernandez-Olivares, G. Barluenga, Fire performance of recycled
rubber-filler high-strength concrete, Cement and Concrete Research 34
(2004) 109–117.

[14] F. Hernandez-Olivares, G. Barluenga, M. Bollati, B. Witoszek, Static and
dynamic behaviour of recycled tyre rubber-filled concrete, Cement and
Concrete Research 32 (2002) 1587–1596.

[15] E. Guneyisi, M. Gesoglu, and T. Ozturan, Properties of rubberized
concretes containing silica fume. Cement and Concrete Research.

[16] B. Huang, G. Li, S.S. Pang, J. Eggers, Investigation into waste tire rubber-
filled concrete, Journal of Materials in Civil Engineering (2004) 187–194.

[17] N.I. Fattuhi, L.A. Clark, Cement-based materials containing shredded scrap
truck tyre rubber, Construction and Building Materials 10 (1996) 229–236.

[18] V. Ramakrishnan, W.V. Coyle, Steel fiber reinforced super-plasticized
concretes for rehabilitation of bridge decks and highway pavements, Final
Report to U.S. Department of Transportation, DOT/RSPA/DMA-50/84-2,
1983, p. 408.

[19] P. Balaguru, V. Ramakrishnan, Comparison of slump cone and V-B tests as
measures of workability for fiber reinforced and plain concrete, Cement,
Concrete and Aggregates 9 (1) (1987) 3–11.

[20] P. Balaguru, S. Shah, Fiber-Reinforced Cement Composites, McGraw-
Hill, 1996, pp. 120–155.

[21] Y.C. Kan, K.C. Pei, H.C. Yang, An investigation on toughness of steel
fiber reinforced heavy concrete, Transactions of the 17th International
Conference on Structural Mechanics in Reactor Technology (SMiRT 17),
Prague, Czech Republic, August 17–22, 2003, pp. H01–H06.

[22] H.H. Abrishami, D. Mitchell, Influence of steel fibers on tension stiffening,
ACI Structural Journal 94 (6) (1997) 769–776.

[23] P.H. Bischoff, Tension stiffening and cracking of steel fiber-reinforced
concrete, ASCE, Journal of Materials in Civil Engineering 15 (2) (2003)
174–182.

[24] A. Nanni, Splitting-tension test for fiber reinforced concrete, ACI
Materials Journal 85 (3) (1988) 229–233.

[25] L. Bortolotti, First cracking load of concrete subjected to direct tension,
ACI Materials Journal 88 (1) (1991) 70–73.

[26] I.W. Johnston, Strength of intact geomechanical materials, ASCE Journal
of Geotechnical Engineering 111 (6) (1985) 730–748.

[27] J.M. Raphel, Tensile strength of concrete, ACI Journal 81 (2) (1984)
158–165.

[28] N. Arioglu, Z.C. Girgin, E. Arioglu, Evaluation of ratio between splitting
tensile strength and compressive strength for concretes up to 120 MPa and
its application in strength criterion, ACI Materials Journal 103 (1) (2006)
18–24.


	Use of waste tire steel beads in Portland cement concrete
	Introduction
	Experimental design
	Mix design and materials
	Specimen preparation
	Specimen testing

	Analysis of results
	Freshly mixed RSBC properties
	Hardened RSBC properties

	Conclusions
	Acknowledgments
	References


