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Abstract: Utilizing waste rubber in concrete enhances its ductility,
toughness, and impact resistance while reducing the structural members'
weight. Additionally, incorporating waste rubber supports the creation
of environmentally friendly concrete and promotes sustainable
production, which is increasingly emphasized nowadays. This research
examines the behavior of full-scale rubberized reinforced concrete (RC)
columns under concentric loading. Eight reinforced concrete columns
with dimensions of 300x300x1200 mm was constructed and subjected
to concentric loading until failure. The primary variables in this study
were concrete type and stirrup configuration and spacing. Two
columns, cast with normal concrete, served as references for comparison
with six rubberized RC columns. The rubberized concrete mix had
crumb rubber (CR) at 20% volume substitution for sand, ensuring
admissible fresh properties and minimal strength depletion. Key design
considerations, including damage progression, ultimate strength,
ductility, and toughness, were analyzed. The findings indicate that
rubberized concrete can achieve comparable performance to traditional
concrete, with improvements in ductility. An increase in strength and
ductility were recorded for the concrete cores of well-confined columns.

1. Introduction

The global production of tires has surged alongside economic and industrial growth,
generating substantial amounts of waste tires annually. Traditional disposal methods, such
as landfilling and burning, have reached hazardous levels. Since waste tires are non-
biodegradable and have a prolonged lifespan, their improper disposal results in severe
environmental and aesthetic problems. Burning tires emit toxic gases harmful to humans,
animals, and soil fertility while contributing to global warming. Therefore, there is an urgent
need for environmentally and economically beneficial disposal solutions for waste tires.
Recycling waste tires by incorporating rubber particles into concrete mixtures offers an eco-
friendly and economically viable approach [1-2]. Research has shown that adding ductile
materials like rubber to concrete mixtures partially replacing fine or coarse aggregates

L Civil Engineering Dept., Faculty of Engineering, Sohag University, Sohag, Egypt./ Taibah University, Madinah, Saudi Arabia
2 Civil Engineering Dept., Faculty of Engineering, Assiut University, Assiut, Egypt. nourhankhalid9021@gmail.com

8 Civil Engineering Dept., Faculty of Engineering, Assiut University, Assiut, Egypt. omr.ahmed@eng.au.edu.eg

4 Mining and Metallurgical Engineering Dept., Faculty of Engineering, Assiut University, Assiut, Egypt. atef66@aun.edu.eg

https://doi.org/10.21608/JESAUN.2025.324148.1371
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

38


https://doi.org/10.21608/JESAUN.2022.124111.1104
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nourhankhalid9021@gmail.com

JES, Vol. 53, No. 2, Pp. 38-52, March 2025 DOI: 10.21608/JESAUN.2025.324148.1371 Part A: Civil Engineering

improves ductility, energy absorption, sound insulation, and reduces unit weight [3-5].
Applications include railway sleepers, sidewalks, green building roofs, sports courts, and
skid-resistant ramps [6]. However, rubberized concrete generally exhibits significant lower
mechanical strength compared to conventional concrete, primarily due to the lower stiffness
of rubber particles and the weak interfacial bond with the cement paste. Various studies
have investigated treatments and coatings for crumb rubber and additive inclusions to
improve these properties [7]. Additionally, lots of research has been focused on rubberized
concrete taking into consideration its different mechanical characteristics [8-17]. While
significant research has explored the mechanical properties of rubberized concrete, limited
studies focus on its impact on large-scale structural elements like RC columns, where
ductility plays a critical design role [18]. Liu et al. [19] reported an investigation that
included analyses of steel tube columns filled with rubberized concrete under cyclic
loading. The findings indicated a substantial reduction in strength as the crumb rubber
content increased, while stiffness showed only a moderate decline. Elchalakani et al. [20]
conducted an experimental investigation on short double-skin circular steel columns filled
with rubberized concrete containing varying levels of rubber. Their study revealed that the
ultimate compressive strength decreased by 50% and 79% for rubberized contents of 15%
and 30%, respectively, compared to conventional concrete. However, the inclusion of
rubber significantly enhanced the ductility of the concrete-filled steel tubes, increasing it by
up to 250%. Similarly, Son et al. [21] explored the impact of crumb rubber concrete on
energy absorption and deformability in RC columns subjected to axial loads. Their tests,
conducted on six column specimens measuring 200 mm x 300 mm x 1600 mm, evaluated
parameters such as rubber content (2.7% and 5.4% of total aggregate volume), compressive
strength (24 MPa and 28 MPa), and particle size (0.6 mm and 1.0 mm). The results showed
that curvature ductility improved by 45% to 90%, depending on the rubber content and
particle size. Additionally, Mohamed et al. [22] examined twelve large-scale columns with
square and circular cross-sections, replacing fine aggregate with crumb rubber at rates of
0%, 10%, and 15%. The axial strength reduction ranged from 14.95% to 20%. Although the
earlier reported studies consistently report significant reductions in axial strength when
crumb rubber partially replaces fine or coarse aggregates, this study focuses on identifying
an optimal crumb rubber ratio with minimal strength loss for use in large-scale RC columns
[23]. With the utilizing 20% treated fine crumb rubber with NaOH and silica fume, this
study presents promising results for rubberized concrete mixtures in structural applications.

2. Experimental program

2.1. Specimens’ description

The experimental program included testing of eight square reinforced concrete columns
under concentric axial loading. All tested columns were 300x300 mm in cross section with
1200 mm height. Fig. 1 shows the specimens geometry and reinforcement details. Two
specimens were cast with normal concrete and served as reference specimens, while the
other six specimens were cast with rubberized concrete. Two stirrup configurations were
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tested, with spacing of 100 mm, 150 mm, and 200 mm labeled as configurations I and II.
The specimens were divided into three groups as listed in Table 1. For ease of
identification, the columns are labeled based on their concrete type (NC for normal concrete
and RC for rubberized concrete), followed by subscript showing the stirrup configuration (I
or I1). This is followed with superscript identifying the stirrups spacing.

E 300 mm a

300 mm
175 mm)
LI I R

Configuration I

300 mm

Q.

Configuration IT

1200 mm

300 mm

Stirrups each 150 mm
Bar diameter =12 mm

300 mm

Fig. 1: Specimens details

Table 1: Columns geometry, reinforcement details and study parameters

. Stirrups
Specimen Concrete type
Group Configuration Spacing
NC/%0 I 150
A NG, 150 Normal concrete T 150
1
RC1 I 100
5 RC/*% I 150
200
RCy Rubberized ! 200
RC*% Concrete I 100
C RC; 150 I 150
RC2%0 1 200
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2.2. Material properties

2.2.1. Concrete

The concrete mix used contained 20% treated fine crumb rubber combined with silica fume,
selected based on the findings from the initial phase of the study, which focused on
determining the optimal crumb rubber ratio that would minimize strength loss for the

column mix [23]. The mixing proportions for both normal and rubberized concrete are
outlined in Table 2.

Table 2: Concrete mixing proportion of each batch of concrete, kg/m?

Mix. proportions (kg/m?)
Mix designation Cement Silica Coarse Fine Rubber | Sp.
fume aggregate aggregate
Normal concrete 400 -- 1127 624 -- 95
Rubberized concrete 300 100 1127 499.2 41.43 95

Sp.: Superplasticizer dosage

Locally sourced aggregates, including sand and crushed gravel, were employed. The
physical and chemical properties of the aggregates complied with the ECP 203-2020 [24]
standards. River sand was utilized as the fine aggregate, while the coarse aggregate was
natural gravel, with a maximum size of 10 mm. The sieve analysis results are shown in Fig.
2, and the physical properties of the aggregates are listed in Table 3.
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Fig. 2: Sieve analysis test results for a) sand, b) gravel

Portland cement of grade 32.5 N, commonly used in construction, was utilized. Its physical
properties met the ECP 203-2020 [24] specifications, as detailed in Table 4. Silica fume,
with a specific gravity of 2.0, was used as a supplementary cementitious material (SCM),
and its chemical and physical properties met the ASTM C1240-03a [25] standards. To
address workability issues, Sikament-NN, a superplasticizer, was incorporated. Portable
drinking water was used for both mixing and curing the specimens throughout the
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experimental process. The crumb rubber aggregate, sourced from Hana-Masr Factory in
Egypt, contained no steel wires and had a maximum particle size of 4.65 mm. According to
the manufacturer's data, the crumb rubber had a specific gravity of 0.83 as well as negligible
absorption. Fig. 3 illustrates the crumb rubber used. The rubber was immersed in a 10%
NaOH solution for 30 minutes, then vigorously washed to remove the NaOH until the
rubber's pH is back to 7, as tested with a pH meter. After washing, the rubber was air-dried

on trays lined with paper towels.

Table 3: Concrete mixing proportion of each batch of concrete, kg/m?®

sand Gravel Code limitation (E.S.S)
Property Sand Gravel
Maximum nominal size (mm) 10 <10 mm
Volume weight (t/m3) 1.68 1.58
Fineness modulus 2.88 6.95 2~3.75 5~8
Specific gravity 2.5 2.5 2.5~2.75 2.5~2.75
Water absorption % 1 0.8 <2% <2.5%
Fine materials % 18 0.6 < 2.5% < 1%
Sulphate content % 0.0145 0.13 <0.4% <0.4%
Chloride content % 0.042 0.019 < 0.06% <0.04%
PH 7.6 75 >7 >7

Table 4: Physical properties of the used cement.

Average Results Egyptian Specifications

Specific surface area (cm?/gm) 3200 More than 2750
Setting time Initial setting time (min) 150 Not less than 75 min.
Soundness (mm) 5 Not more than 10 mm
Compression Strength N/mm?
After 7 days 25.5 Not less than 16 N/mm?
Not less than 32.5 N/mm?and not
After 28 days 36 more than 52.5 N/mm?

2.2.2. Steel reinforcement

High tensile steel (B400DWR, 12 mm diameter) was used for longitudinal reinforcement,
while mild steel (B240C-P, 8 mm diameter) was utilized for stirrups. In accordance with
ECP 203-2020 [24], three samples from each type of steel bar were selected, and their
mechanical properties, including yield stress, elastic modulus, tensile strength, and ultimate
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strain, were determined through a direct tensile test. The average values of these properties
are presented in Table 5.

Fig. 3: The used fine crumb rubber

Table 5: Mechanical Properties of used steel

Steel Tvpe Diameter Yield or Proof Ultimate Strength Elonaation%
yp (mm) Strength (N/mm?) (N/mm?) g °
M.S (B240C-P) 8 340 480 25%
Specification limits 0
(ES.S) More than 240 More than 20%
H.T.S (B400DWR) 12 419 690 18.2%
Specification limits 0
(ES.S) More than 400 More than 17%

2.3. Mixing and casting of columns

The samples were prepared and tested at the concrete laboratory of the civil engineering
department in Assiut University. A 0.15 m3 capacity concrete mixer was used for mixing.
Initially, the dry aggregates, including any crumb rubber, were blended for three minutes.
Next, the binders (cement and silica fume) were added and mixed for an additional two
minutes to achieve uniformity. Half of the water was then added and mixed for another two
minutes. The remaining water, along with the superplasticizer, was incorporated and mixed
for three more minutes until a uniform mixture was achieved. All columns were put in steel
plate molds of dimensions 300x300x1200 mm. The molds were surfaced with oil, and steel
reinforcement cages were positioned at the centre of the forms. The concrete mix was
transported and placed into the molds using a bowl. The concrete was molded in layers,
with each layer being compacted using an internal rod vibrator. The columns were
demolded 24 hours after casting. They were then covered with sackcloth and sprayed with
fresh water twice daily until 14 days after casting. Fig. 4 shows the cross-section of the
columns with reinforcement details, concrete casting, curing process, and the columns are
ready for testing.
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Fig. 4: cross-section of the columns with reinforcement details, concrete casting, curing process,
and the columns are ready for testing.

3. Test setup and instrumentation

Fig. 5 illustrates the study test setup as well as instrumentations. The specimens were tested
using a 500-ton compression testing machine. The load was applied at the center of the
columns, transmitted through a steel plate from the loading piston to ensure even
distribution of the applied load. A concrete strain gauge was attached at the mid-height of
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the column to measure compressive strain. Additionally, two linear variable differential
transducers (LVDTs) were mounted vertically at heights of 500 mm and 700 mm to

measure longitudinal shortening.

T00 num

500 num

()
Fig. 5: Test setup and instrumentations: a) photo, b) schematic drawing

4. Test Results and discussion

4.1. Cracks pattern and failure mode
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Fig. 6 compares the specimens at failure. All columns failed in compression failure mode.
The progression of damage started with vertical cracks. Damage progression began with
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vertical cracks, which gradually increased in number and width until the concrete cover
spalled off. It was followed by buckling of the vertical steel bars as well as crushing of the
concrete core. A key difference between the failure modes of normal and rubberized RC
columns was observed. In rubberized RC columns, failure began with a noticeable and
gradual lateral dilation of the concrete core before the final failure. This was significantly
enhanced as function of the stirrup’s configuration and the spacing. The best behaviour was
attained in case of stirrups configuration type Il and spacing 100 mm. In contrast, failure in
normal RC columns occurred suddenly, with concrete fragments scattering widely, and the
collapse did a sound that can be listen everywhere in the laboratory. It should be noted that
the decrease in the stirrups spacing enhanced the confinement of the concrete core and
delayed the longitudinal bars buckling with no significant kinked bars at failure. As can be
seen from Fig. 6, the bars buckling is prominent at failure in case of specimen RCI200, and
RCI11200, while it is controlled in the other specimens especially for those with stirrups spacing
equals to 100 mm.

RC1%0

RC,%° RCy 100 RCy1%0

Fig. 6: Failure in tested columns.

46



JES, Vol. 53, No. 2, Pp. 38-52, March 2025 DOI: 10.21608/JESAUN.2025.324148.1371 Part A: Civil Engineering

4.2. Cracking and ultimate loads

Table 6 lists the results of tested columns in term of cracking load, ultimate load, concrete
compressive strength, nominal axial stress, nominal axial strain, shortening, and modulus of
toughness. Fig. 7a compares the cracking and ultimate load for the rubberized RC columns
with their companions. It can be seen that a reduction in the cracking load occurred by 13%
in specimen RC, compared with NC,, while 9% reduction was recorded in specimen RCy
compared with NCy;. The reduction ratios were 6% and 4% when the ultimate load was
considered. Fig. 7b shows the effect of the stirrups configuration and spacing on the
cracking and ultimate loads for the rubberized RC columns. The data reveals that the
stirrups had a significant effect on the cracking and ultimate load compared to the stirrup’s
configurations. For instance, specimen RC;!%® achieved ultimate load, and cracking load
20%, and 67% higher than specimen RC?%, respectively. The enhancement, however,
noticeably changed when the comparison between RCy!® and RC/!® where the
enhancement were 4%, and 8% with respect to the ultimate, and cracking load, respectively.
So, it can be inferred that the stirrups spacing is more effective in enhancing the concrete
core confinement. Furthermore, it can be found that the decrease in strength that associated
with the use of rubberized concrete, albeit it was insignificant, can be offset by decreasing
the stirrups spacing. This is clear, when specimen RC*% is compared with specimen NC,**
where both specimens exhibited similar cracking and ultimate load.

Table 6: Test results of tested columns.

Group fe Specimen Per had on pyPred PuSP puPred
A 31.0 NC,*50 2879 3335 | 37.06 2248.98 1.48
31.2 NC; 1 3025 3454 | 38.38 2261.04 1.53
28.5 RC,1% 3011 3400 |37.78 2098.23 1.62
B 27.6 RC' 2543 3137 | 34.86 2043.96 1.53
29.3 RC/2% 1654 2879 | 31.99 2146.47 1.34
C 29.3 RC; 1% 3154 3542 | 39.36 2146.47 1.65
28.9 RCy ™ 2768 3317 | 36.86 2122.35 1.56
28.9 RCi?® 1785 3049 | 33.88 2122.35 1.44
SD 1.80
cov 6%

Per = cracking load (kN), P, = ultimate experimental load (kN), on= nominal stress fc = the
concrete compressive strength, evi = nominal axial strain, (N/mm?), Py®® = ultimate predicted load
(kN) following Eqg. 1.
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Fig. 7: Cracking and ultimate load of tested columns

4.3. Nominal stress strain curves

Fig. 8 compares the nominal axial stress versus axial strain curves for the tested specimens.
Initially, the curves showed a very stiff behaviour that is representative for the elastic stage.
Once vertical cracks appeared, significant softening occurred, marking the elastic-plastic
stage. This was followed with degradation of strength up to failure occurred due to concrete
crushing. The failure was considered at 25% loss of strength. The rubberized RC columns
showed improved deformation with similar stiffness compared to the reference samples as
shown in Fig. 8a. Notably, the strength reduction was abrupt in specimen NC,'*°, and
NCyi'°°, while it was relatively more gradual in the other rubberized RC specimens. Figs.
8b-e reveals that the stirrups configuration also had a role in the ultimate strain
enhancement regardless the concrete type. The stirrups configuration, however, had no
effect on the column’s stiffness. In contrast, the stirrups spacing showed pronounced effect
on both strength, stiffness, and strain capacity. For example, the difference in case of
reducing the stirrups spacing from 200 mm to 150 mm showed 10% increase in ultimate
strength and 25% increase in the ultimate strain, while the stiffness slightly enhanced. The
image was quite difference when the stirrups spacing changed from 200 mm to 100 mm;
where 22 % strength gain was achieved, and 40% gain in the ultimate strain with substantial
enhancement in the stiffness as can be seen from Figs. 8f, and 8g.

4.4. Toughness Modulus

The toughness modulus index measures the strain energy needed for material failure,
represented by the area under the stress-strain curve that is represented in Fig. 8. Following
this method, the modulus of toughness were quantified and plotted in Fig. 9. It is evident
that the use of rubberized concrete generally improved the toughness modulus of the tested
columns compared to those made with normal concrete (Fig. 9a). The best occurred in
specimen RCII150 compared with NCI150, where the 29% gain in the modulus of
toughness was achieved. This is due to the enhancement combined from the concrete type
and the stirrups configuration. Fig. 9b shows the modulus of toughness of specimens with
different stirrups configurations as well as different stirrups spacing. Clearly, the stirrups
spacing showed the best improvement. This is clear when specimen RC'® is compared
with specimen RC;?; 78% improvement in the modulus of toughness achieved.
Meanwhile, the enhancement was 11% when specimen RC;'® is compared with RC,*%.
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Fig. 9: Recorded toughness modulus for the test specimens: a) effect of concrete type, b) effect of
stirrups configuration and spacing

5. Ultimate capacity and code provision

The plain concrete strength of full-scale columns tested under concentric compression
loading is generally lower than the concrete compressive strength measured on standard 150
x150 x150 mm cubes. The 0.67 reduction factor suggested by the ECP 203-2018 [24] is
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mainly attributed to the differences in size and shape of RC columns and the concrete cubes.
The nominal capacity of an axially loaded RC column P, was defined as the sum of the
forces carried by the concrete and the steel, as given by the following equation.

Pn =0.85 fc(Ag _A§)+ fy'A% Eq 1

where Aq is the total cross-section area of the column; As is the cross-section area of
longitudinal reinforcement; fc' is the concrete compressive strength; and fy is the yielding
strength of steel reinforcement. The ultimate capacities were predicted and compared with
the experimental results as listed in Table 6. It is worth mentioning that all material
reduction factors in the design equations were set to unity. It can be observed that the ECP
203-2018 [24] predictions of the ultimate axial loads returned conservative values. The
difference is attributed to the negligence of the stirrups spacing and configuration. Overall,
it can be concluded that the ultimate strength for rubberized concrete columns can be
conservatively predicted using the equation specified by the ECP 203-2018 [24].

6. Conclusions

Tire rubber waste is a significant environmental concern that requires urgent attention from

the scientific community. This study focused on evaluating the use of rubberized concrete in

reinforced concrete columns subjected to axial loading. eight square reinforced concrete

columns were constructed and tested under axial loading, with two columns made of

rubberized concrete and the other two using normal concrete as reference specimens. Two

stirrup configurations were tested with spacing of 100 mm, 150 mm, and 200 mm. The

results are promising and can be summarized as follows:

e The rubberized RC columns exhibited similar strength and stiffness to the normal
concrete columns, with no signs of premature or instability failure.

e The failure progress in the rubberized RC columns was highly preferred and more
gradual, with noticeable lateral dilation and a gradual decrease in strength before failure.
In contrast, the normal concrete samples failed suddenly with a rapid loss of strength.

e Rubberized concrete enhanced the modulus of toughness and ductility of the tested
columns compared to those made with normal concrete.

e The configuration of the stirrups played important role in confining the concrete core,
which in turn improved the ultimate strength and deformation. However, the stirrups
spacing showed much high improved enhancement in the behaviour.

Acknowledgement

The authors wish to express their gratitude and sincere appreciation for the financial support
received from the Taibah University, Sohag University, and Assiut University. The authors

50



JES, Vol. 53, No. 2, Pp. 38-52, March 2025 DOI: 10.21608/JESAUN.2025.324148.1371 Part A: Civil Engineering

are also grateful to the staff of the structural lab at Assiut University, Civil Engineering
Department.

References

[1] Yilmaz A., Degirmenci N., Possibility of using waste tire rubber and fly ash with Portland
cement as construction materials, Waste Manag. 29 (2009)1541-1546.

[2] Rashad A.M., A comprehensive overview about recycling rubber as fine aggregate replacement
in traditional cementitious materials, Int. J. Sustain. Built Environ. 5 (2016) 46-82.

[3] Guo S., Dai Q., Si R., Sun X., C. Lu, Evaluation of properties and performance of rubber-
modified concrete for recycling of waste scrap tire, J. Clean. Prod. 148 (2017) 681689,
https://doi.org/10.1016/j.jclepro.2017.02.046.

[4] F. Valadares, Mechanical performance of structural concretes containing rubber waste from
Waste tires. Master Dissertation in Civil Engineering, IST-UTL, Lisbon (2009).

[5] Siddika, A., Al Mamun, M. A., Alyousef, R., Amran, Y. M., Aslani, F., & Alabduljabbar, H.
"Properties and utilizations of waste tire rubber in concrete: A review." Construction and
Building Materials 224 (2019): 711-731.

[6] Elshazly, Fady Ahmed, Suzan Ali Mustafa, and Hesham Mohamed Fawzy. "Rubberized
concrete properties and its structural engineering applications—an overview." The Egyptian
International Journal of Engineering Sciences and Technology 30.Civil and Architectural
Engineering (2020): 1-11.

[7] O. Onuaguluchi, Effects of surface pre-coating and silica fume on crumb rubber-cement matrix
interface and cement mortar properties,
J.Clean.Prod.104(2015)339345,https://doi.org/10.1016/j.jclepro.2015.04.116.

[8] Shaaban I. G., Rizzuto J. P., EInemr A. M., Bohan L., Ahmed H., Tindyebwa H. (2024).
“Permeation Characteristics and Durability Aspects For Sustainable Concrete” 6th
international conference on sustainability construction materials and technologies, 9-14 June
2024, Lyon, France

[9] Elnemr A. M., Shaaban 1. G. (2024). “Assessment of Special Rubberized Concrete Types
Utilizing Portable Non-Destructive Tests.” NDT, 2(3), https://doi.org/10.3390/ndt2030010.

[10] Shaaban I. G., Rizzuto J. P., ElInemr A. M., Bohan L., Ahmed H., Tindyebwa H. (2024).
“Silica Fume and Crumb Rubber as Partial Replacements for Cement and Fine Aggregate
Concrete.” 2nd International Summit on Civil, Structural, and Environmental Engineering, 18-
20 March, Florence, Italy.

[11] Shaaban I. G., Rizzuto J. P., Elnemr A. M., Bohan L., Ahmed H., Tindyebwa H. (2020).
“Mechanical Properties and Air Permeability of Concrete Containing Waste Tires Extracts.”
Journal of Materials in Civil Engineering, 33(2), https://doi.org/10.1061/(ASCE)MT.1943-
5533.0003588.

[12] C. Bing, L. Ning, Experimental research on properties of fresh and hardened rubberized
concrete, J. Mater. Civ. Eng. 26 (2014) 04014040, https://doi.org/10.1061/(ASCE)MT.1943-
5533.0000923.

[13] Chou, L.H., et al. Use of waste rubber as concrete additive. Waste Manag. Res. (2007)25.

[14] E. Guneyisi, M. Gesoglu, T. Ozturan, Properties of rubberized concretes containing silica
Fume, J Cem Concr Res 34(2004) 2309-2317.

[15] Eldin, N.N., Senouci, A.B., Rubber-tire particles as concrete aggregate. J. Mater.Civ. Eng. 5
(1993) 4, 478e496.

51


https://doi.org/10.1061/(ASCE)MT.1943-5533.0003588
https://doi.org/10.1061/(ASCE)MT.1943-5533.0003588

Ahmed Arafa .et. Al. Behavior of Rubberized Reinforced Concrete Columns under Axial Loading

[16] Grinys A., Sivilevic'ius H., DaukSys M. Tyre rubber additive effect on concrete mixture
strength, Journal of Civil Enineering Management, 2012, Vol. 18, pp/ 393-401.

[17] H. Su, J. Yang, T.-C. Ling, G.S. Ghataora, S. Dirar, Properties of concrete prepared with waste
tyre rubber particles of uniform and varying sizes, J.Clean. Prod. 91 (2015) 288-296,
https://doi.org/10.1016/j.jclepro. 2014.12.022.

[18] Rodsin K., Joyklad P., Hussain Q., Mohamad H., Buatik A. , Zhou M. , Chaiyasarn K., Nawaz
A., Mehmood T., Elnemr A. (2022). " Behavior of steel clamp confined brick aggregate
concrete circular columns subjected to axial compression.” Case Studies in Construction
Materials, Vol. 16, https://doi.org/10.1016/j.cscm.2021.e00815.

[19] Liu, Y.H., Bai, Y.K. and Jiang, G.H., 2011. Analytical behavior of rubber concrete-filled steel
tubular columns under cyclic loading. In Applied Mechanics and Materials (Vol. 94, pp. 123-
126)

[20] Elchalakani, M., Hassanein, M.F., Karrech, A., Fawzia, S., Yang, B. and Patel, V.I., 2018,
August. Experimental tests and design of rubberised concrete-filled double skin circular
tubular short columns. In Structures (Vol. 15, pp. 196-210).

[21] Son, K.S., Hajirasouliha, 1., Pilakoutas, K. (2011). “Strength and deformability of waste tire
rubber-filled reinforced concrete columns.” Constr. Build Mater., 25(1), 218-226. DOI:
10.1016/j.conbuildmat.2010.06.035.

[22] Mohamed H. A., Hassan H., Zaghlal M. (2024). “Rubberized reinforced concrete columns
under axial and cyclic Loading.” Frattura ed Integrita Strutturale, 70 (2024) 286-309; DOI:
10.3221/IGF-ESIS.70.17.

[23] Arafa, A., Khalid, N., Farghal, O. A., & Ahmed, A. R. "Experimental Characteristics of
Rubberized Concrete.” JES. Journal of Engineering Sciences 50.4 (2022): 248-262.

[24] Housing and Building National Research Center, Egyptian code for Design and Construction
the Reinforced Concrete Building (ECP 203-2018). 2018.

[25] ASTM C 1240-03a, Standard Specification for Silica Fume Used in Cementitious Mixtures.
2003.

52



