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Abstract— This article investigates the impact of using non-

homogenous rubber aggregate on a developed concrete mix 

design. Identifying the dominant reasons and modifications to 

be made to improve the properties of rubberized concrete are 

discussed with respect to the diverse number of literatures. The 

recycled waste tire rubber particles were tested to identify the 

physical properties of rubber aggregate and twelve rubberized 

concrete cubes were tested in axial compression. The cubes were 

produced by replacing waste tire rubber with 1) 0% aggregate 

volume (Series 1) 2) 20% fine aggregate volume (Series 2) and 

3) 10% coarse and 10% fine aggregates of the total aggregate 

volume (Series 3). The results show a high-water absorption rate 

of 6-7% in rubber aggregate. The compressive strength of cubes 

reached up to 48.6 MPa, 32.4 MPa, and 37.5 MPa in Series 1, 2, 

and 3, respectively. Implementing 10% coarse and 10% fine 

rubber aggregate enhanced the compressive strength by 10.5%. 

There is clear evidence on improved mechanical properties of 

rubberized concrete with the addition of non-homogenous 

rubber aggregates. 

Keywords— Tire rubber, Concrete, Rubberized concrete, Non-

homogeneous rubber aggregate 

I. INTRODUCTION  

The implementation of waste material in the construction 
industry is identified as an innovative and sustainable 
approach. Developing innovative construction materials, 
waste tire rubber has been identified as a pioneer of all. In the 
means of high availability, easy production and easy 
applicability made the use of waste tire rubber best in the lot 
[1]. The global yearly manufacturing of rubber tires is 3.2 
billion and forecasts of 2.8% compounded yearly growth was 
predicted by the International Rubber Group of Companies 
from 2017 to 2025 [1]. However, a miniature amount of waste 
tire rubber implemented in Civil Engineering purposes as 6%, 
8%, and 0.4% in the USA, EU, and Australia respectively [2]. 
Considering Sri Lanka, 15803 tons of waste tire rubber 
produces annually [3] and the implementation of Civil 
Engineering efforts is very poor.  

The rapid expansion of the construction industry has made 
scarcity in construction materials by forging river sand to the 
second most used natural resource [4] with 80% of 50 billion 
tons of material mined every year. Hence, this improvises the 
industry to identify innovative, environmentally friendly, and 
cost-effective replacements for concrete aggregate. The waste 
tire rubber has been identified as one of the sustainable 

methods of replacements for aggregate in concrete. The use of 
waste tires in large-scale engineering projects reduces the 
huge environmental damage caused by a large amount of 
waste tire stockpiling. Further, incorporating crumb rubber 
into cementitious composited reduces the CO2 emission [5]. It 
is stated that a 10% reduction in CO2 emission has been 
experienced with 20% of rubber replacement per cubic meter 
of concrete [6]. The studies from the past decade revealed a 
range of ideas to enhance the properties of rubberized concrete 
(RuC). The enhanced properties such as ductility, energy 
absorption, flexural strength, sound absorption, thermal 
resistance, and damping capacity encourages the researchers 
to investigate RuC further [7][8][9]. However, reduction in 
compressive, tensile strengths and lower workability are 
identified as major drawbacks related to mechanical 
properties [10]–[12]. Further, high porosity, high shrinkage, 
and high chloride penetration affect the durability of RuC 
[13]–[15]. It is identified that the mechanical properties and 
the durability affected unfavorably [16]. 

To improve the diminished properties of RuC, a series of 
studies has been conducted over the last decade. As RuC is 
identified as a resultant material creates with partial 
substitution of recycled rubber particles, it is critical to 
identify the best proportion of rubber which enhances the 
concrete properties. Further, identifying the material 
properties of rubber and adjusting the design mix is crucial to 
achieving enhanced properties. This paper focuses on 
improving the RuC properties by identifying the impact of 
using non-homogenous rubber particles in a modified 
concrete mix design.  

II. LITERATURE REVIEW 

In the approach towards the sustainable construction 
industry, the use of waste material in concrete was identified 
as a turning point in innovative construction design. The use 
of waste tire rubber as a replacement for mineral aggregate is 
a viable way to reuse waste tire rubber through extensive scale 
recycling projects [17]. Further, it is an approach of 
environmentally friendly and cost-effective. With respect to 
the variation of concrete properties, the range of applications 
of RuC has been identified. Table 1 represents the application 
of RuC with respect to the variation of concrete properties. 

 



TABLE I.  APPLICATION OF RUC 

Properties  Application 

Lower density [17] As lightweight concrete  

High damping ratio [18] 

Industrial floor  

Pavement concrete  

Bridge sidewalks and decks  

Retaining structures  

High energy absorption  
[19] 

Roadside barriers  

Running tracks  

Bunkers and shooting ranges  

High abrasion resistance 
[13] 

Concrete highways and pavements  

Hydraulic structures  

High freeze-thaw 
protection [7] 

Construction in a cold climate  

 

A. Dominant Reasons and Modifications on RuC 

It is understood that the diminished mechanical properties 
of RuC restrict the implementation of structural elements. 
Therefore, identifying the dominant reasons for diminished 
mechanical properties and addressing them in a systematic 
manner is a crucial part of enhancing RuC properties. 

• The high roughness of rubber particles creates higher 
friction between particles in the concrete mix and 
requires larger energy to flow, diminishing the 
workability and flowability of the concrete mix [20], 
[21]. 

• A high percentage of voids in the matrix creates a 
loss in strength and increases the porosity of the 
matrix [12], [15], [22]. 

• Poor adhesion between rubber aggregate and cement 
paste and lower density in the matrix as rubber acts 
as voids results the lower strength [12], [22], [23]. 

• Weak interfacial transition zone (ITZ) due to the 
hydrophobic nature of rubber creates poor bonding 
between rubber aggregate and cement results a high 
rate of initial cracking [14], [24], [25]. 

• Non-uniform dispersion of rubber due to the same 
particle size and shape creates poor packing density 
creating a high percentage of voids that results in 
weak concrete strength [26]. 

• The rising of rubber aggregate to the top of the 
concrete mix due to the low specific gravity of rubber 
results weak interface layer of the matrix that affects 
the strength negatively [24], [25]. 

 

 The aforementioned concerns are addressed through 
modifications to the design matrix and aggregate to 
enhance the RuC. Pretreatment of rubber particles was 
identified as one way of improving the rubber aggregate 
properties. To remove dust contains on the rubber surface 
and to reduce the roughness, divergent methods of 
pretreatment are used. Pretreating with Sodium 
Hydroxide (NaOH), Sulphuric Acid (H2SO4), Hydrogen 
Peroxide (H2O2), Calcium Chloride (CaCl2), thermal 

treatment to rubber particles, and ultraviolet (UV) 
treatment are considered methods which thermal 
treatment idealized from the lot [27]. To achieve a well-
packed matrix with enhanced density, the use of fillers, 
binders, and non -homogeneous rubber particle sizes and 
shapes in the concrete mix has been identified [28], [29]. 
Introducing solvents, resins, or medication to the matrix 
is to enhances the bonding behavior of rubber particles 
with cement paste [30]–[33]. Further, to improve the 
workability, limit segregation and bleeding, 
superplasticizers are introduced [26], [34], [35]. It is 
identified by the literature, RuC properties can be 
enhanced by modifying the concrete mix.  

III. EXPERIMENTAL PROGRAMME 

The rubber aggregate properties and mechanical 
properties of RuC were investigated experimentally using 
three series of concrete batches. A total of 12 cubes (150 x 150 
x 150 mm) were cast from three different mixes.  

A. Materials  

 All the mixtures were cast using Portland cement CEM 1 
42.5 N. Commercial high range water reducing admixture was 
used. The fine aggregates were river washed sand with a 
fineness modulus of 2.75 and a size range of 0-5 mm. The 
coarse aggregate was washed gravel with a size range of 5-10 
mm and 10-20 mm.  

The rubber particles were obtained from outdated 
vehicular tires by the process of mechanical shredding. The 
obtained rubber particles were separated into three ranges of 
sizes; a) fine rubber particles (0-5 mm) to replace fine 
aggregate, b) coarse rubber particles (5-10 mm) and c) (10-20 
mm) to replace gravel. The particle size distribution of rubber 
aggregate was conducted according to ASTM C136 [36] and 
Fig. 1 represents the particle distribution curve. To identify the 
rubber aggregate properties, density, water absorption, and 
bulk density experiments were carried out following Annex C 
of BS EN 1097-6 [37] (lightweight aggregate) and BS EN 
1097-3 respectively [38]. Fig. 1 represents the experimental 
setup of rubber aggregate testing.  However, these tests were 
not conducted for rubber aggregate size (0-5 mm) as it floats 
in water and agglomerate due to surface tension and inter-
particular forces [39]. The test setup of investigating 
lightweight aggregate properties represented in Fig. 2. 

B. Mix Design   

The literature stated that to achieve enhanced fresh and 
harden properties with high rubber percentage in concrete the 
RuC mix should be modified. Further, to diminish the large-
scale segregation and lack of cohesion, an optimized RuC mix 
with modification should be introduced. Raffoul et al. [34] 
introduced an optimized concrete mix with improved fresh 
and harden concrete properties. It is mentioned that when 
compared to 100% fine aggregate replacement, the optimized 
mix was 2.6 times stronger. However, changes were made to 
the introduced optimized mix, as used cement was 52.5 N and 
both plasticizers and superplasticizers were used. This was 
changed to a convenient Sri Lankan context by using Portland 
cement 42.5 N and only a superplasticizer as shown in Table 
II.  

The materials used in the concrete were mixed in the 
following procedure. 1) All minerals and rubber aggregates 
were saturated surface dried, and both were dry mixed for 30 



seconds, 2) Half of the amount of mixing water was added and 
mixed for one minute, 3) The mixed was rested for three 
minutes, 4) The remaining half of the water and the binder 
materials were added with the gradual addition of admixtures, 
and 5) the concrete mix was mixed for another three minutes. 
The cubes were cast in three layers and vibrated for 15-20 
seconds per layer on a vibrating table. When the cast is 
finished, specimens were kept under laboratory conditions for 
24 hours.  After cubes were demolded and kept in a water 
curing tank for 27 days.  

 

 

TABLE II.  MIX DESIGN [32][31] 

Material  Quantity (kg/m3) 

Cement  340  

Silica Fume  42.5  

Fly ash  42.5  

Fine aggregate (0-5 mm) 820  

Coarse aggregate (5-10 mm) 364  

Coarse aggregate (10-20 mm) 637  

Water  150  

Superplasticizer  7.66  

 

C. Test Series and Instrumentation   

The design mix was prepared to achieve high flowability 
as the water binder ratio is 0.35 with relatively high cement 
content. Three series were considered with respect to literature 
to obtain the highest mechanical properties with suitable 
rubber aggregate proportion. Rubber content was varied from 
0 to 20% of total aggregate by volume as 0% rubber 
replacement (Series 1), 20% fine aggregate replacement only 
(Series 2), and 20% total aggregate replacement by both 10% 
fine and 10% coarse aggregates (Series 3). 

All cubes were subjected to compressive load using a 2000 
KN capacity compressive machine. The cubes were tested at 
a rate of 0.6 MPa/s up to failure. Before the compressive 
strength testing, specimens’ dimensions and the density were 
measured to identify the rubber distribution and the density 
variation with respect to rubber content. Fig. 3 shows the final 
setup during the test. 

 

Fig. 3. General view of the instrumental setup of compressive strength 
testing of sample specimen 

IV. RESULTS AND DISCUSSION 

Identification of physical properties of rubber aggregate 
was a critical part of the experimental procedure, hence, to 
compare the variation with literature as an optimized design 
mix was used. Table III represents the physical properties of  

TABLE III.  PHYSICAL PROPERTIES OF RUBBER AGGREGATE 

Property 
Rubber (0-

5 mm) 

Rubber (5-

10 mm) 

Rubber (10-

20 mm) 

Apparent density (g/m3) - 933.1 1105.8 

Oven dry density (g/m3) - 935.07 1120.65 

SSD density (g/m3) - 967.1 1050.4 

Water absorption (%) - 6.18 1.25 

Specific gravity  - 1.10 1.10 

Loose bulk density (g/ml) 0.38 0.42 0.47 

Rodded bulk density (g/ml) 0.47 0.54 0.62 

 
rubber aggregates. It was identified that the physical 

properties of rubber aggregate are almost the same or in the 
provided range by the literature. 

Fig. 2. Instrumental setup for investigating rubber particle properties of 
size 5-10 mm and 10-20 mm 
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Fig 1. Particle distribution curve of rubber particles 



A. Rubber Aggregate Properties  

It is identified that the overall density of rubber particles 
has increased with rubber size. The comparison between loose 
bulk density and rodded bulk density shows 19.14%, 22.2%, 
and 24% increment in each rubber size of 0-5 mm, 5-10 mm, 
and 10-20 mm, respectively. This can be explained by the 
higher percentage of voids created with larger size of rubber 
particles. Water absorption of coarser rubber particles showed 
a drastic reduction relative to fine rubber particles. It is 
understood that the surface area of the fine rubber aggregate 
is large respective to coarse rubber aggregate for a given mass. 
Therefore, the water absorption percentage is high in fine 
rubber aggregates.  

B. Density and Compressive Strength  

The mass of the rubber aggregate is very low respective to 
mineral aggregate. As low density was experienced in RuC 
samples over control samples. As the study focused on using 
various rubber sizes rather than using one particle size, 
approaching a well-packed matrix was studied. 

It is observed that the dry density was reduced in RuC 
relative to the control sample as illustrated in Fig 4. But 
importantly using diverge rubber aggregate sizes enhanced the 
density over using only fine rubber aggregate. With respect to 
the control sample, 9.07% and 3.39% reduction in density was 
experienced in Series 2 and Series 3 respectively. But an 
enhanced density of 5.88% was observed in Series 3 over 
Series 2.  

 

 

Fig.4. The average dry density variation of three Series of RuC specimens  

It is identified that inadequate mix proportioning of 
aggregate causes a high impact on density reduction. The 
generation of a high percentage of voids in the matrix can be 
diminished by introducing non-homogeneous rubber 
aggregates. It is obvious by the results that the implementation 
of different rubber sizes reduced voids percentage and 
approached towards the ideal packing. Further, achieving a 
well-packed matrix improves the RuC properties such as 
compressive strengths, tensile strength and diminishes 
chloride ion penetration, porosity, and shrinkage.  

The poor mechanical behavior of RuC is identified as the 
main drawback of RuC in using structural behavior. As 
represented in Table IV compressive strengths were reduced 
with the inclusion of rubber aggregate. With respect to the 
control sample, 33.33% and 22.83% reduction were 
experienced in Series 2 and Series 3 respectively. However, 
compressive strength was enhanced by 10.5% in Series 3 over 
Series 2. The effect of non-homogenous rubber aggregate with 

adequate mix proportioning enhances the compressive 
strength of RuC. Further, it can be identified that compressive 
strength depends on the rubber content, size, shape, and well-
mixed parameters and proportions of the concrete mix. The 
average 28 days compressive strength variation is shown in 
Fig. 5. 

The failure mode of RuC specimens showed a similarity, 
as specimen failure experienced from the top layer or bottom 
layer. This can be a result of the rising of rubber aggregate to 
the top layer of the concrete matrix due to the low specific 
gravity of rubber. Further, non-dispersion of rubber aggregate 
in the mix cause layer failures in the specimen. Fig. 6 
represents the failure patterns observed in Series 2 and Series 
3. 

Based on the above discussion, it is evident that the divergent 
rubber aggregates enhance the density and compressive 
strength. However, premature failure can be experienced with 
non-disperse of rubber aggregate and more work is required 
to avoid the rising of rubber aggregate to the top layer.  

 

Fig. 5. The average 28 days compressive strength of three series of RuC 
specimens  

 

V. CONCLUSIONS 

This paper investigates the properties of rubber aggregate 
and the advantage of implementing different rubber particle 
sizes with a modified design mix to enhance the properties of 
RuC. Based on the results of this study, the following 
conclusions have been made: 

• The density of rubber aggregate increases with the 
particle size, while coarse aggregate shows enhanced 
rodded bulk density than the fine aggregate. 
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Fig. 6. Observed failure pattern of Series 2 and Series 3 
specimens 
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• Water absorption of rubber aggregates results in 
high-value respect to mineral aggregate and smaller 
size of the rubber particles, shows higher water 
absorption. This enhancement is accompanied by the 
higher surface area created by a high amount of 
rubber particles. 

• The density of RuC specimens with respect to the 
control sample is considerably less, but the combined 
replacement of fine and coarse rubber aggregate was 
concluded as the best option to improve density.  

• The design mix achieved the targeted strength and 
enhanced the compressive strength of RuC. A 
modified optimum concrete mix design is the best 
solution to improve the properties of RuC. 

• The compressive strength was reduced with the 
rubber inclusion, but the combined replacement of 
fine and coarse rubber aggregate is the best option to 
maximize compressive strength over a homogenous 
replacement of rubber. 
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