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Abstract 

The purpose of this 

research work is to 

investigate the 

serviceability (cracks 

and deformation) 

behaviour of 

reinforced concrete 

short column, when 

coarse aggregate is 

partially replaced with 

modified and  

unmodified tyre 

rubber chips. The 

modified and 

unmodified waste 

rubber tyre aggregates 
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Introduction  
With the 

development of 

modern society’s 

aftermath of 

industrial revolution, 

the mobility within 

automobile sector got 

momentum. The 

offshoot of this 

pragmatic revolution 

gave rise to new 

dimensions of 

problems in the form 

of rubber garbage. 

Tyre rubber wastes 

represent a major 

environmental 

problem of increasing 

significance. An 

estimated 1000 

million tyres reach 

the end of their useful 

lives every year. At 

present, enormous 

quantities of tyres are 

already stockpiled or 

land filled. Tyre land 

filling is responsible 

for a serious 

ecological threat. 

Mainly, waste tyres  
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were used at 0%, 5%, 

10%, and 15% by 

volume of coarse 

aggregate in concrete 

and  produced  

reinforced concrete 

short columns of 

230mm x 230mm x 

1000mm using d/h = 

0.90. The specimens 

were cured for 28 days 

upon completion of the 

curing regime, the 

specimens were tested 

using a universal beam 

testing machine having 

a capacity of 400bars. 

Axial load (pressure) 

was applied and the 

corresponding 

deflection and crack 

pattern were observed 

and recorded. The 

columns shows a 

typical flexural mode 

of failure at the point of 

application of load, the 

appearance of the 

crack moves from the 

point of application of 

load down to the edges 

of the column which 

tend to be a splitting 

type of crack. Also, the 

deflection of the 

column tends to 

increase with increase 

in rubber chips 

content. The maximum 

deflection was 

observed on the 

unmodified series 

(15%) with a 

deflection of 4.45mm 

as compared to the 

minimum on the 

control (0%) 2.32mm. 

The rubberized 

column acts like an 

elastic material which 

deflects or buckles 

when load is applied, 

but stretches a little bit 

back when the load is 

removed. It was 

concluded that the 

serviceability 

(cracking pattern and 

deflection) increases 

with increase in 

percentage of rubber 

replacement. 

 

isposal areas contribute to the reduction of biodiversity and also the 

tyres hold toxic and soluble components. Tyre rubber wastes are 

already used for pavement (Kotresh and Mesfin, 2014). However, it 

can only recycle a part of these wastes. Investigations have shown that 

scrapped rubber tyres contain materials that do not decompose under 

environmental conditions and cause serious problems. One choice of 

decomposition is burning, but that would also result in harmful pollutions. 

Based on these problems, tyres can be used as aggregates in concrete 

(Ishtiaq and Umer, 2015). 

Concrete is the premier civil engineering material. Concrete manufacturing 

involves consumption of ingredients like cement, aggregate, water and 

admixtures. Among the ingredients, aggregate form major part which 

occupies 70-80% of the volume of concrete and can therefore be expected 

d 
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to have an important influence on its properties. In light of this in the 

contemporary civil engineering construction, using alternative material in 

place of natural aggregate in concrete production makes concrete a 

sustainable and environmentally friendly construction material. Partial 

replacement of rubber tyre aggregates in concrete has the additional 

advantages of saving natural aggregates used in the production of concrete 

which are becoming increasingly scarce  

(Garba et al., 2018). 

Columns are vertical members often termed as compression members 

which are essentially used to transfer loads from slabs, beams and floors 

to the foundation. Therefore, columns play an important role in load 

transferring mechanism. The design of columns was therefore given 

utmost importance in civil engineering. In terms of strength and stiffness, 

columns are second strongest components in entire structure after 

foundation. A vertical member whose effective length is greater than 3 

times the least lateral dimension which are under compression is called a 

column. Therefore, it is important to understand the basis of classification 

of columns. Columns can be classified mainly as based on type of loading, 

based on Slenderness ratio. However, other types of classifications are, 

based on Shape and based on type of longitudinal reinforcement. Based on 

slenderness ratio columns are classified as short columns and long 

(Slender) Columns. If the slenderness ratio is less than 12 then the column 

is defined as short column and essential feature which distinguishes it from 

long column is that short column fails by crushing which was a pure 

compression failure.  

Cracks and deformation or deflection are serious and great threat to the 

serviceability of a structure and also it's aesthetic nature. Hence, the 

control of cracks and deformation becomes more important. In other to 

satisfy the serviceability criteria, it will be of great advantage if the crack 

pattern and deflection of the reinforced concrete structure can be 

predicted under service load. In other to determine the member deflection, 

cracked members in reinforced concrete structures needs to be identified 

and also their effective flexural and shear rigidities determined. This 

research therefore, is aimed at investigating the crack pattern as well as 

the deflection of rubberized concrete short column with d/h = 0.90.    
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LITERATURE REVIEW 

Introduction 

Nigeria is a developing country, it proposes multipurpose development 

projects. Every budget proposal involves large construction of roads, 

bridges, dams, irrigation schemes, public health engineering schemes, 

educational buildings and residential buildings etc. All these construction 

schemes demand optimum and efficient use of construction resources. 

Cost of river sand crushed rock particles is rapidly increasing because of 

inadequate raw materials and rise of transport cost due to the hike in fuel 

price and other inputs. Further mining of rivers causes severe 

environmental damage by lowering ground water table and disintegration 

of rock strata causes landslide and earthquake. This emerging problem 

obliges contemporary material usage to balance the ecology. In this 

essence, the abundant availability of waste tyre rubber can be utilized as 

an effective replacement for natural aggregate which will be beneficial for 

both circumstances. A concrete structure must be strong in strength and 

serviceable before it can be concluded that is has served its intended 

purpose. The serviceability and strength of the structure determines the 

life span of the structure. Excessive deflection should not affect the 

strength as well as the aesthetics of the structure.   

 

Behaviour of rubberized concrete columns under axial loading 

To investigate the effect of rubberized concrete on reinforced columns 

buckling behaviour, Son et al. (2011) developed twelve columns with six 

different concrete mixes of which two were conventional concrete mixes 

and the rest were concrete mixes with rubber content 2.7–5.4% of fine 

aggregate volume. Columns were tested under pure axial load. Test results 

indicated that with an increase in the rubber content, the compressive 

load-carrying capacity of column specimens decreases. It is observed that 

rubberized concrete columns are capable of undergoing more than two 

times lateral deformation before buckling failure compared to the normal 

concrete columns. This implied that rubberized concrete columns were 

capable of absorbing higher amount of energy before failure. Results also 

indicated that utilizing rubber particles in the concrete mix can result in 

improvement in curvature ductility of column specimens. These 
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conclusions are very important for seismic design where structures should 

be capable of sustaining large deformations without collapse. 

 

Behaviour of rubberized concrete columns under cyclic and monotonic 

loading 

An experimental investigation on the performance of rubberized concrete 

in structural application was performed by Youssf et al. (2015) on circular 

reinforced concrete columns, with longitudinal, shear and confining 

reinforcement. Columns were tested under axial compression load and 

incrementally increasing reversed cycling load. Crumb rubber particles 

were treated with NaOH solution to increase the rubber/cement interface 

adhesion. In order to estimate the  structural damping ratio,  natural 

frequency and  stiffness,  snap  back  tests  were  carried out on each  

column  specimen. 

From the cyclic test results it was observed that the hysteretic damping 

ratio and energy dissipation were increased in CRC column. Regarding 

damping ratio, results showed that for rubberized concrete was 49% less 

than that for conventional concrete. Youssf et al. (2015) conducted 

investigation on the same rubberized concrete columns, but this time 

including fibre reinforced polymer (FRP) confinement as a means of 

overcoming the material deficiencies such as compressive strength. 

Previous investigation conducted by the same authors showed that the use 

of FRP to confine rubberized concrete effectively negates the decrease in 

strength, and retains the advantages of increased ductility that arise from 

rubberized concrete.  

Elghazouli et al. (2018) and Bompa et al. (2017) conducted an 

experimental study on three large-scale circular reinforced concrete 

columns incorporating significant proportion of rubber particles as 

replacement for mineral aggregate and external confinement through 

three layers of FRP sheets. Columns were subjected to lateral cyclic 

displacements and co-existing axial loads. Results of investigation showed 

improved ductility and energy dissipation of rubberized concrete. FRP 

contributed to the better performance by enhancing ductility and   

improving mechanical properties. Li and Li (2017) investigated seismic 

performance of column made of rubberized concrete with steel fibres 



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

266 

compared to conventional concrete column. Seismic performance was 

tested by low cyclic loading with an axial compression ratio and it was 

reported that flexural and compressive toughness were increased, 

hysteretic curve, ductility and energy dissipation capacity are significantly 

enhanced. Hassanli et al. (2017) conducted experimental study on 

segmental self centering rubberized concrete columns with pretensioned 

bars which were tested   under reversed-cyclic lateral loading under 

different directions and compared to behavior of conventional concrete 

column. Except direction of loading and concrete material, shear 

reinforcement presence or absence was also a variable. It is reported that 

direction of loading had a significant effect on the behaviour of tested 

columns. 

 Hassanli et al. (2017) also presented an experimental and numerical study 

performed on crumb rubber concrete columns to better understand the 

structural behavior under axial eccentrically monotonic load.  Another 

investigation performed by Hassanli et al. (2017) was focused on seismic 

performance of precast post-tensioned segmental FRP-confined and 

unconfined crumb   rubber concrete which were tested under 

incrementally increasing reverse cyclic load. FRP-confinement showed 

good influence peak load, ultimate drift and ductile behaviour without 

noticeable damage throughout the cyclic test. 

 

Cracking of RC  

Cracking in flexural RC members is a discrete phenomenon produced when 

the tensile stress in concrete exceeds the tensile strength at a singular 

point, creating the appearing of a crack, which can be originated by 

different causes, such as flexure, tension, shear, torsion, excessive bond or 

the effects of concentrated loads (CEB 1983). The occurrence of cracking 

in concrete subjected to bending forces is unavoidable due to the presence 

of tensile stresses and the low tensile strength of concrete.   

When designing for serviceability, the designer must ensure that the 

structure can perform its intended function under the day to day service 

loads. Deflection must not be excessive, cracks must be adequately 

controlled and no portion of the structure should suffer excessive 

vibration. Shrinkage causes time-dependent cracking, thereby reducing 
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the stiffness of a concrete structure, and is therefore a detrimental factor 

in all aspects of the design for serviceability. Deflection problems that may 

affect the serviceability of concrete structures can be classified into three 

main types:  

• Where excessive deflection causes either aesthetic or functional 
problems.  

• Where excessive deflection results in damage to either structural or 
non-structural element attached to the member.  

• Where dynamics effects due to insufficient stiffness cause 
discomfort to occupants. 

Excessively wide cracks can be unsightly and spoil the appearance of an 
exposed concrete surface; they can allow the ingress of moisture 
accelerating corrosion of the reinforcement and durability failure; and, in 
exceptional cases, they can reduce the contribution of the concrete to the 
shear strength of a member. Excessively wide cracks in floor systems and 
walls may often be avoided by the inclusion of strategically placed 
contraction joints, thereby removing some of the restraint to shrinkage and 
reducing the internal tension. When cracking does occur, in order to ensure 
that crack widths remain acceptably small, adequate quantities of well 
distributed and well-anchored reinforcement must be included at every 
location where significant tension will exist.   
 

Control of deflection  
The long-term or time dependent behaviour of a column under sustained 
service load can be determined using a variety of analytical procedures 
(Gilbert,1988) , including the Age-Adjusted Effective Modulus Method 
(AEMM) , described in detail by Gilbert and Mickleborough (1997) the use 
of the AEMM to determine the instantaneous and time dependent 
deformation of the critical cross-sections in a column and then integrating 
the curvatures to obtain deflection , is a refined calculation method and is 
recommended using AEMM , the strain and curvature on individual cross-
section at any time can be calculated , as can the stress in concrete and 
bonded reinforcement or tendons 
 
MATERIALS AND METHODS 
Materials 

Cement 

The cement used in this research work was Dangote ordinary Portland 

cement (OPC) of grade 42.5 N/mm2 acquired from local retailer at 
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Gwallameji, Bauchi state. It conforms to ASTM C150 (2010). The main 

reason for using OPC is that this is by far the most common cement in use 

and is highly suitable for use in general concrete works where there is no 

exposure to sulphates in the soil or ground water.  

 

Coarse aggregate 

The coarse aggregate used in this research was purchased from TRIACTA 

NIG. LIMITED quarry site in Birshi, along Dass road, Bauchi with maximum 

size of 20mm. Laboratory tests was carried out to identity the physical 

properties of the aggregate which include specific gravity, sieve analysis. 

 

Fine aggregate 

The fine aggregate sample used in this experiment was purchased from 

local sand suppliers at Bauchi state, Nigeria. It has a minimum grain size of 

2.36mm passing sieve no.4 in accordance with ASTM C33 (2004) 

specification for fine aggregate for concreting.  

 

Rubber aggregate 

The source of the rubber aggregate used in this research work is waste tyre 

which was purchased from Gombe state, Nigeria. For uniformity of the 

concrete production, the tyres were cut into specific sizes of 20 x 20 x 

15mm as shown in figure 1 and 2 and a 10mm diameter hole was bored on 

the modified. It was clean as no impurities or any other materials that could 

be detrimental to its performance were observed. 

                  
 Figure 1: Unmodified rubber chips Figure 2: Modified rubber chips 
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Water 

In this research, normal tap water supplied by the department of civil 

Engineering, Federal Polytechnic Bauchi was used in all mixes. The water 

contains neither physical impurities nor solids, it is colourless, odourless 

and physically clear as specified in accordance with ASTM C1602M (2012). 

 

Reinforcement 

Reinforcement that was not exposed to corrosion and was not damaged 

due to environmental factors was used for this research. It conforms to ACT 

318 (1989). The column was reinforced with four high yield steel of 12mm 

diameter (4Y12) and Y08 @ 200mm for the stirrup (links). 

 
Figure 3: Reinforcement 

Wood 

In this research, woods that are strong and have not been exposed to water, 

termite or other factor was used as formwork for the production of the 

columns. 

 

Methods 

Experimental Design 

Basically, the test is divided into 3 major series; the first series was the 

conventional concrete short column with 0% addition of rubber chips 

(control) mixture. The second series was by replacing coarse aggregate 

with 5%, 10%, and 15% unmodified rubber chips by volume and 

designated UM mix. The third series was by replacing coarse aggregate 

with 5%, 10%, and 15% modified rubber chips by volume designated M 

mix. 
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Sample Production 

A formwork of 230 x 230 x 1000mm was constructed and reinforcements 

bars of  4Y12 anchored together with a stirrup (links) of Y08 spaced at 

200mm were appropriately positioned into the formwork with a cover of 

25mm as the d/h =0.90. The cement, fine aggregate and coarse aggregate 

were weighted according to the mix proportion of 1:2:4. All constituents 

were properly mixed and water was added at a ratio of 0.50 until there was 

a homogeneous mix. Same procedure was repeated with partial 

substitution of coarse aggregate with modified and unmodified rubber 

chips. Immediately after mixing, slump test was carried out for all the 

concrete series mixtures. The concrete mix is then carefully poured into 

the formwork and properly compacted by a means of poker vibration. After 

the setting of the concrete, the formwork is removed and the columns are 

cured for 28 days by means of spraying. After curing, the columns are 

painted with white emulsion paint for easy identification of cracks. The 

specimens (columns) were then loaded on the universal testing machine 

one after another, and load is applied to determine the crack pattern and 

mode of deflection of the column. 

 

Testing of columns 

The columns were placed centrally on the universal testing apparatus and 

angle metals were used to restrain the column at the bottom to satisfy one 

of the column end condition which is fixed at one end and free at the other 

end. A heavy metal of about 150mm was placed on the column top to 

provide a levelled horizontal platform and to provide contact between the 

hydraulic jack and the column. The hydraulic jack is being pumped 

manually to release the jack down to the surface of the metal placed on it. 

Loading is continually applied with the use of the manual hydraulic pump. 

The load rating was applied at an interval of 20(bar) up to the 300(bar), 

this is due to the fact that the maximum loading capacity of the machine is 

400(bar). Deflection of the column was measured using dial gauges placed 

halfway at each faces of the square column. The movement/revolution of 

the dial gauges were recorded as the load was continually applied to 

determine the deflection of the column. 
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Figure 4: Test setup of column 

 

RESULTS AND DISCUSSION 

Crack pattern of reinforced concrete column 

Column 1 (control 0%)  

The pattern of crack in all columns was very similar and found to be 

initiated by flexural crack. The crack pattern observed on the control 

column was found to be flexural crack. The cracks propagated and changed 

to splitting crack pattern near the cap at the point of application of the load. 

It was evidently found that the cracks continue to increase as load is 

continually applied up to 150mm from the top of the column. It was also 

noted that for the control column, the cracks were limited near the cap area 

of the column. The specimen 0% started yielding at a load of 28000KN as 

shown in Figure 5. This is load under which the first crack was observed in 

the specimen. The deformation observed under this load was 1.22mm. 

Fresh cracks were observed at the maximum load application of 30000KN 

and the deformation was 1.25mm.  
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Figure 5: Crack pattern of control 

specimen (control 0%) 

 

Column 2 (Unmodified 5%) 

The pattern of crack found on the 

unmodified specimen (5%) was 

very much similar to that of the 

control specimen which shows a 

typical flexural crack. The crack, 

with further load application 

propagated into a splitting crack 

pattern at the top of the column 

near the point of application of 

load. The crack was evidently 

seen to appear up to about 

200mm from the top of the 

column as shown in Figure 6. The cracks were also limited to the top areas 

of the column. The first crack on the specimen was observed at 26000KN 

with a deformation of 3.75mm. Further cracks were observed as the 

loading was increased. The cracks were observed at 28000KN and 

30000KN with deformation of 3.90mm and 3.96mm respectively. 

 

Figure 6: Crack pattern of unmodified 

specimen (5%) 

 

Column 3 (Unmodified 10%) 

In this column, short inclined splitting 

cracks were observed from the top of 

the column down to about 200mm 

which moves towards the centre of 

the column. The first crack was 

observed at a load rating of 24000KN 

as shown in Figure 7, with a 

deformation of 3.07mm. Other visible 

cracks were observed as the 
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application of load increased up to the maximum load applied. The cracks 

were found to be initiated due to larger applied load. After cracking, the 

column was observed to buckle at the maximum load application of 

30000KN with a deformation of 3.16mm. 

 

Figure 7: Crack pattern of unmodified 

specimen (10%) 

 

Column 4 (Unmodified 15%) 

Unlike the ones described above, the pattern of 

crack of the column with 15% replacement of 

coarse aggregate was observed to be a little 

higher than that of lower percentages. The 

cracks were observed to be an inclined splitting 

crack which tends to continue from the 

stoppage point of other cracks rather than 

forming new cracks as the load is being increased. The crack was observed 

to develop from the top of the column that is the point of application of load 

down to the edge of the column with a distance of about 300mm from the 

top of the column as shown in Figure 8. The deformation observed at the 

greatest load application of 30000KN was 4.45mm. 

 

Figure 8: Crack pattern of unmodified 

specimen (15%) 

 

Column 5 (Modified 5%) 

The pattern of crack found on the 
modified specimen (5%) was very much 
similar to that of the control specimen 
which shows a typical flexural crack. The 
crack, with further load application 
propagated into a splitting crack pattern. 
The cracks observed are short cracks of 
about 150mm from the top of the column. 
The cracks seem to be limited to the top 

areas of the column as shown in Figure 9. The first crack on the specimen 
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was observed at 28000KN with a deformation of 2.5mm. Further cracks 
were observed as the loading was increased. 
 

Figure 9: Crack pattern of modified 
specimen (5%) 
 
Column 6 (Modified 10%) 
In this column, the crack patterns 
observed were similar to cracks in the 
5% modified specimen described 
above. Short inclined splitting cracks 
were observed from the top of the 
column down to about 200mm which 
moves towards the edge of the column 
in a continuous manner rather than new 
visible cracks as shown in Figure 10. 
The cracks were observed as the 

application of load increased up to the maximum load applied. The cracks 
were found to be initiated due to larger applied load. 
 

Figure 10: Crack pattern of modified 
specimen (10% 
 

Column 7 (Modified 15%) 

The crack pattern were observed to 

be an inclined splitting crack which 

tends to continue from the stoppage 

point of other cracks rather than 

forming new cracks as the load is 

being increased. The crack was 

observed to develop from the top of 

the column that is the point of 

application of load down to the edge 

of the column with a distance of 

about 235mm from the top of the column as shown in Figure 11. The 

deformation observed at the greatest load application of 30000KN was 

3.69mm. 
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Figure 11: Crack 

pattern of modified 

specimen (15%) 

 

Deflection result  

The column was 

mounted on the 

Universal Testing 

Machine, with the 

load jack acting 

centrally on the 

column. Dial gauges 

were placed at each 

faces of the column to 

record the deflection 

as the stress is 

applied. As the load 

applied on the 

column, the column 

begins to buckle. As 

the load increases, 

the dial gauges 

revolves indicating 

the degree of 

deflection. At higher 

load application, the deflection was clearly visualized. The deflection in 

comparison to the normal column (0%) is higher. That is, the more the 

percentage of replacement, the higher the deflection rate. The RC column 

(0%) has a maximum deflection of 2.32mm, UM (5%) has a deflection of 

3.96mm while the deflection of UM (10% & 15%) are 3.16mm and 4.45mm 

respectively. The maximum deflections of the M (5%, 10% and 15%) are 

3.50mm, 2.63m and 3.69mm respectively.  From the result obtained, it was 

observed that the graph plotted in Figure 12 the higher the % of rubber 

chips aggregate the more the deflection this may be attributed to the 

deform nature of the column. 
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Figure 12: Load Deflection Results 

 

CONCLUSION AND RECOMMENDATION  

Conclusion 

Based on the research conducted the following conclusions were drawn:  

1. The crack pattern of normal RC short column differs from that of  the 

rubberized concrete in that the crack on normal concrete tend to 

appear as a short vertical splitting crack when load is being applied, 

while that of the rubberized concrete shows a gradual expansion 

and continuous cracking rather than complete failure.  

2. Based on the results obtained from the laboratory, the deflection 
increases with increase in the percentage of rubber aggregates 
which yielded a maximum deflection of 4.45mm with the application 
the maximum load. 

 

Recommendation  

Based on the conclusion drawn above and the laboratory observations, the 

following are recommended: 

1. It is recommended to use modified rubber chips in the range of 5% 

-10% in non-critical structural elements such as floor slabs, 

partitions, kerbs, underground slabs, etc. 
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2. For further studies, the cracking width of the specimens should be 

studied and the internal deformation (cracks) should also be 

checked. 

 

REFERENCE 
ASTM C150/C150M – (2010) Standard Specification for Portland cement; ASTM 

international, west conhohocken, P.A. 
ASTM C33/C33M-(2004) Standard Specification for Concrete Aggregate; ASTM 

international, west conhohocken, P.A. 
ASTM C685/C685M – (2016) Standard Specification for Concrete Made by Volumetric 

 Batching and Continuous Mixing; ASTM international, west conhohocken, P.A. 
ASTM C160 – (2012) Method of Testing for Combustible properties of Treated wood by 

crib Test; ASTM international, west conhohocken, P.A 
CEB. (1983). “Cracking and Deformations.” Comitre Euro-International Du Beton. Design 

Manual. 
Elghazouli AY, Bompa DV, Xu B, Stafford PJ, Ruiz-Teran AM. (2018). Inelastic behaviour 

of RC members incorporating high deformability concrete. High tech concrete: 
where technology and engineering meet. Cham: Springer International Publishing. p. 
2399–406. 

Elghzaouli AY, Bompa D, Xu B, Ruiz-Teran A, Stafford P. (2018) Performance of 
rubberised RC members under cyclic loading. 16th European conference on 
earthquake engineering (16ECEE). p.12. 

Engr. A. Garba, B.A. Wakili, A. B. Yerima, Z.A. Wakili, K Yakubu, (2018). “Appraisal of 
 Concrete Using Modified Waste Tyre Rubber Chips as Partial Replacement of 
Coarse  Aggregate”. International Journal of Civil Engineering, Construction and 
Estate  Management Vol.6, No.2, pp.25-45. 

Gilbert, R.I., (1988). “Time Effects in Concrete Structures”, Elsevier Science Publishers, 
 Amsterdam, pp321. 

Gilbert, R.I. and Mickleborough, (1997). “Design of Prestressed Concrete” E & FN Spon, 
London, 2nd Printing, pp504. 

Hassanli R, Youssf O, Mills JE. (2017). Experimental investigations of reinforced 
rubberized concrete structural members. J Build  Eng  10:149–65. 

Hassanli R, Youssf  O, Mills  JE,  Karim R, Vincent T. (2018). Performance of segmental 
self- centering rubberized concrete columns under different loading directions. J 
Build Eng . 

Hassanli R, Youssf  O, Mills  JE. (2017). Seismic performance of precast posttensioned 
seg- mental FRP-confined and unconfined crumb rubber concrete columns. J Compos 
Constr 21(4):04017006. 

Hassanli R, Youssf  O, Mills  JE. (2017).The behaviour of structural members made with 
crumbed rubber concrete. 28th biennial national conference of the concrete in- 
stitute of Australia. p.10. 

Ishtiaq Alam, Umer A.M (2015). ‘Use of Rubber as Aggregate in Concrete’. International 
Journal of Advanced Structures and Geotechnical Engineering vol. 04 No. 02. 

Kotresh K.M, Mesfin G.B. (2014). ‘Study on Waste Tyre Rubber as Concrete Aggregates’. 
International Journal of Scientific Engineering and Technology vol.3 pp 433-436. 

 

http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0355
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0360
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0360
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0360
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0360
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0360
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0330
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0330
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0330
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0370
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0370
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0370
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0370
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0370
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0375
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0375
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0375
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0375
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0335
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0335
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0335


 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

278 

Li Y, Li Y. (2017). Experimental study on performance of rubber particle and steel fiber 
composite toughening concrete. Constr Build Mater 146(146):267–75. 

Son KS, Hajirasouliha I, Pilakoutas K. (2011). Strength and deformability of waste tyre 
rubber-filled reinforced concrete columns. Constr Build Mater 25(1):218–26. 

Youssf  O, ElGawady MA, Mills  JE. (2015)  Experimental investigation of crumb rubber 
concrete columns under seismic loading. Structures 23:13–27. 

 

  

http://refhub.elsevier.com/S0141-0296(18)32781-0/h0365
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0365
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0365
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0340
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0340
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0130
http://refhub.elsevier.com/S0141-0296(18)32781-0/h0130

