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Abstract --Waste scrap tire rubber has become a major 

environmental problem because of its non- biodegradable 

nature. Recycling of these waste materials can reduce the 

accumulation of scrap tire in landfills. Thus the waste scrap 

tire rubber is a better replacement for aggregates either river 

sand or gravel. This is an analytical study incorporating 

crumb rubber as a partial replacement of fine aggregate in 

high strength concrete. This aims to study about the shear 

and deflection behavior of beams with and without shear 

reinforcement .And that will be compared with the same 

properties of enhanced crumbed rubber concrete. Here CRC 

mix is having same compressive strength and different 

proportion of crumbed rubber .In order to do the finite 

element analysis on high strength rubberized concrete, 
ANSYS Workbench was adopted. 
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I. INTRODUCTION 

Concrete is one of the most widely used materials in the 
world and as a result require significant natural resource 
every year. The sources of the natural resources needed for 
concrete are depleting gradually. The availability of natural 
aggregates at a reasonable rate is a big concern of the 
concrete industry . As the yearly consumption of concrete 
is more than 30 billion tons, even if a small percentage of 
natural aggregate is replaced with recycled material, it will 
result in considerable savings of natural resource .The 
waste rubber is considered as one of the major 
environmental problems faced by every country due to 
their health hazards and difficulty for land filling. Due to 
the high cost of disposal and the requirement of large 
landfill area for waste rubber, the issue of random and 
illegal dumping is alarming. Hence, there is an urgent need 
to identify alternative solutions to reuse the tire rubber for 
other applications, and concrete has been identified to be 
one of the feasible options. On the other hand concrete has 
limited properties such as low ductility and crack 
resistance associated with hardening, and adding waste tire 
to concrete could enhance the toughness. 
Tire rubber is added to concrete as a substitute for coarse 
or fine aggregate. Rubber can be used in the form of 
powder , crumb ( < 6 mm) or chips ( > 6 mm). In each 
cases the properties of concrete will vary. From lot of 

studies and experiments , a conclusion has been reached 
that crumbed rubber is more .This can be created by first 
grinding up end-of-life tyres into small particles with a 
similar consistency to sand .This crumbed rubber can then 
replace a certain percentage of the sand used in the 
concrete mixing process – both giving the economic 
usefulness of tyre rubber a new lease of life while 
alleviating some of the demand for natural sand . 
In recent years, there has been mounting interest in the use 
of recycled tire rubbers in engineering  construction. 
Crumb rubber concrete (CRC) is made by adding rubber 
crumbs into conventional concrete. CRC has many 
advantages such as lower Young’s modulus, high damp 
modulus, large deformation, better depleting energy and 
perfect ability of holding back crack. Studies on structural 
behavior of steel reinforced CRC for structure were  
seldom reported. Workability, density, compressive,  
tensile and flexural strength as well as post-cracking 
behaviour were evaluated .It is observed that tensile , 
compressive ,density and flexural strength of concrete 
decreases as the quantity of rubber increases but post 
cracking behavior and workability were seem to be 
increased .Use of untreated rubber cause large decrease in 
many properties of the concrete . So in order to increase 
such properties tyre rubber is treated with some chemicals. 
This is an analytical study incorporating crumb rubber as a 
partial replacement of fine aggregate in high strength 
concrete. This aims to study about the shear and deflection 
behavior of beams with and without shear reinforcement 
.And that will be compared with the same properties of 
enhanced crumbed rubber concrete .Here CRC mix is 
having same compressive strength and different proportion 
of crumbed rubber .In order to do the finite element 
analysis on high strength rubberized concrete, ANSYS 
Workbench was adopted . 

 
A. Objectives 

 

 To find out the shear stress behavior of Crumbed Rubber 
concrete beam with and without shear reinforcement . 

 To find out deflection behavior of Crumbed Rubber 
Concrete beam with and without shear reinforcement . 
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 To compare the shear stress and deflection behavior of 
untreated CRC beam with treated CRC beam . 

 
B. Scope 

 
 It helps to conserve natural aggregates like sand and 

prevent mining companies to cause damage to natural eco- 
system. 

 If the treatment of CRC beam with chemicals caused an 
increase in shear capacity , then CRC beam can be used as 
structural members. 

 CRC is more resistant to tensile stress , more flexible and 
able to withstand more impacts like bullets and debris in 
strong wind . 

 Due low density of CRC, the specimen will have light 
weight . 

 Improved dynamic response of CRC could make structures 
able to better withstand events including earthquakes . 

 Machinery vibration and human-induced vibration making 
it an ideal material for constructing infrastructure , industry 
and commercial and residential building . 

 
II. . MATERIAL PROPERTIES AND MIX PROPORTIONS 

 
A. Raw materials 

Ordinary Portland Cement of grade 43, conforming to IS 
8112: 1989 was used (specific gravity 3.15, normal 
consistency 34%, initial setting time 99 min, final setting 
time 176 min). Natural river sand confirming to zone II as 
per IS 383: 1970 (void content 34% as per ASTM C 29/C 
29M: 2009, specific gravity 2.63, free surface moisture 
1%, fineness modulus 2.83). Coarse aggregates, 10 mm 
size was used 40% (fineness modulus 5.573) and 20 mm 
size was used 60% (fineness modulus 7.312) crushed stone 
were used as coarse aggregates with an average specific 
gravity 2.63. Discarded tyre rubber was grinded into three 
sizes (powder form of 30 mesh, 0.8–2 mm, 2–4 mm). The 
specific gravity of rubber powder was 1.05 and that of the 
other two sizes were 1.13. The three sizes of crumb rubber 
were mixed in definite percentages (2–4 mm size in 25%, 
0.8–2 mm size in 35% and rubber powder in 40%) to bring 
it to zone II as per IS 383: 1970. 

 
B. Preparation 

 

In this study CRC mixes of similar strength having 
different  mix  proportion  and  workability were developed 
.Crumbed Rubber Concrete beams of compressive 
strengths of 40–46 MPa after 28 days of casting with w/c 
ratios 0.4, 0.45 and 0.5 were taken .For each CRC mix , 
two different batches were considered. The ratio of  
cement, fine aggregates and coarse aggregates are 
1:1.8:3.1. Crumbed rubber was replaced for natural sand 
by 5%, 10 % and 20% .Four main bars of 10 mm diameter 

with a clear cover of 25 mm is given .Mix proportions and 
Properties of CRC beams used in this analysis are given in 
Table.1 and Table.2 respectively .Shear stress and 
deflection of concrete beam were analysed for each batch 
with and without shear reinforcement .8 mm diameter of 
stirrup is given at 150 mm c/c spacing . Reference 
specimens with 0 % rubber content is also considered . 
Enhanced Crumbed Rubber Concrete beams of similar 
mixes containing untreated rubber are also analysed here. 
Properties of CRC beam is enhanced by treating rubber in 
sodium hydroxide solution .Treating rubber with NaOH is 
to increase the bond between the rubber particles and 
concrete. Crumb rubber was utilized as partial replacement 
of sand in concrete. The replacement ratios were 5, 10 and 
20% by volume of sand. Silica fume was used as an 
addition to increase the compressive strength. The water to 
cement ratio used in concrete mixes were same as that of 
untreated CRC mix. The concentrations of the NaOH 
solution were 15%, 20% and 30%.Properties of enhanced 
CRC beams used here is given in Table.3. High water 
reducing admixtures were used for both treated and 
untreated CRC . 

 
III. MODELLING AND ANALYSIS 

A. General 

 

ANSYS Workbench is a suite of powerful engineering 
simulation programs, based on the finite element method 
that can solve problems ranging from relatively simple 
linear analysis to the most challenging nonlinear 
simulations. It covers an enormous range of applications 
and comes complete with everything you need from 
geometry preparation to optimization and all the steps in 
between. Entire project contained in common platform: 
Geometry creation, Meshing, Analysis and Post – 
Processing. Capabilities of this software are nonlinear 
applications , dynamics, space claim, multiphysics, 
composites, customization, hydrodynamics . 

 
B. Steps in ANSYS Workbench 

 
1. Engineering Data of rubber materials for the project is 

given as input. Material input is handled in the engineering 
data application. Density, Young’s modulus and Poisson’s 
ratio, tensile strength ,Compressive strength of crumbed 
rubber concrete are given as input and assigned 
for the model. 

2. Geometry of beam element with a size of 100 mm*150 
mm*1200 mm was created for 3 CRC mixes of group 40 
with and without shear reinforcement . 8 Untreated CRC 
beams with and without stirrups are created first . 
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TABLE.1.Mix proportions 
 

Concrete 
mix w / c % of 

Rubber 
Cement 
(kg/m3) 

Water 
(kg/m3) 

C.A 
(kg/m3) 

F.A 
(kg/m3) 

Rubber 
(kg/m3) 

Admixture 
(kg/m3) 

40R1 0.50 5.33 388 194.0 1202.8 663.48 14.73 0.00 

40R2 0.45 10.63 388 174.0 1202.8 628.56 29.47 2.52 

40R3 0.40 21.11 388 155.2 1202.8 558.72 58.95 6.70 

 
TABLE.2.Mechanical properties of CRC 

 

Concrete sample 
No 

Compressive strength 
(MPa) 

Tensile Strength 
(MPa) 

Modulus 
of Elasticity 

 
Unit Weight(kg/m3) 

40R1 47.2 4.09 31500 2370 
40R2 43.7 3.68 29000 2300 
40R3 40.3 3.73 29000 2290 

 

TABLE.3. Properties of enhanced CRC 
 
 

% of rubber Conc. of 
NaOH 

Compressive strength 
(MPa) 

Tensile strength 
(MPa) 

 
Modulus of elasticity (MPa) 

 
5% 

15% 48.5 5.3 29700 
20% 52.5 5.5 30000 
30% 47.5 4.75 29580 

 
10% 

15% 43.8 4.8 25000 
20% 50.6 5.15 29000 
30% 42.5 4.35 24800 

 
20% 

15% 41.4 4.45 23900 
20% 47.2 4.9 27600 
30% 39.2 3.7 23000 

 

Then 9 treated CRC beams containing various 
concentration of NaOH are created .Model of beam with 
stirrup is shown in Fig. 1. 

3. Workbench attaches the geometry to the model 
workspace .Support conditions (simply supported) and 
load conditions (two point loads are applied at 400 mm 
from either side of beam support) are given. Meshing is 
also done here .Size of mesh element is given as 25 mm . 
Properties of our Crumbed and treated crumbed rubber 
are assigned to the beam in this stage .Meshing of beam is 
shown in Fig .2 . 

Fig.1. Model of beam with shear reinforcement 
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Fig.2. Meshing of beam 

 
4. Solution of 17 beams shown are done . Shear stress and 

deflection are determined for each beam. Results of 
untreated and treated CRC beams are compared .The 
beams and its model number is shown in the Table.4 and 
Table.5. 

simulations. Entire project contained in common 
platform: Geometry creation, Meshing, Analysis and Post 
– Processing. 
The results obtained from the finite element analysis for 
the concrete containing 0 %, 5 % , 10 % ,20 % untreated 
crumbed rubber without shear reinforcement is shown in 
Fig.3 , Fig.4 ,Fig.5 , Fig.6, Fig.7, Fig.8, Fig.9, Fig.10 
respectively . 

TABLE.4 .Untreated models 
 

 Mode 
l No 

% of 
rubb 
er 

 
Shear reinforcement 

Referenc 
e model 

1 0 Without 
2 0 With 

 
 

Untreated 

3 
5 

Without 
4 With 
5 10 Without 
6 With 
7 20 Without 
8 With 

 
TABLE.5. Treated models 

 
 
 
 
 
 

Treated 

Model 
No 

% of 
rubb 
er 

 
Conc. Of NaOH 

9  
5 

15 
10 20 
11 30 
12  

10 
15 

13 20 
14 30 
15  

20 
15 

16 20 
17 30 

 
IV. RESULTS AND DISCUSSION 

 
A. Untreated CRC beam without stirrups 

ANSYS Workbench is a suite of powerful engineering 
simulation programs, based on the finite element method 
that can solve problems ranging from relatively simple 
linear analysis to the most challenging nonlinear 

 
 
 
 

Fig 3.Shear stress of untreated CRC beam with 0% rubber 
 

 

Fig.4.Shear stress of beam with 5 % rubber 
 
 

Fig.5. Shear stress of beam with 10 % rubber 
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Fig.6.Shear stress of beam with 20 % crumbed rubber 

 
 

Fig.7.Deflection of beam with 0 % rubber 
 
 

Fig.8. Deflection of beam with 5 % rubber 
 

Fig.9. Deflection of beam with 10 % crumbed rubber 

 
Fig.10.Deflection of beam with 20 % rubber 

 
B. Untreated CRC beam with stirrups 

 
The results obtained from the finite element analysis for 
the concrete containing 0%, 5% untreated crumbed  
rubber with shear reinforcement is shown in Fig.11 , 
Fig.12, Fig.13, Fig.14, Fig.15, Fig.16 , Fig.17, Fig.18 
respectively 

 

Fig.11.Shear stress of untreated CRC beam with 0% 
rubber 

 

Fig.12.Shear stress of untreated CRC beam with 5% 
rubber 
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Fig.13. Shear stress of beam with 10%   rubber 
 

Fig.14. Shear stress of beam with 20%   rubber 
 

Fig.15. Deflection of beam with 0% rubber 
 

Fig.16. Deflection of beam with 5 % rubber 

 
Fig.17. Deflection of beam with 10 % rubber 

 

Fig.18.Deflection of beam with 20 % rubber 
 

C. Treated CRC beam 

 
1) Beam with 5 % crumbed rubber 

 
Results obtained from FEA of enhanced CRC beam 
containing 5% crumbed rubber with 15 % and 20 % 
NaOH is shown in Fig .19, Fig.20, Fig.21, Fig.22, Fig.23 
and Fig.24 below respectively.. 

 

 
Fig.19. Shear stress of treated CRC beam by 15 % NaOH 
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Fig.20. Shear stress of treated CRC beam by20% NaOH 
 

 
Fig.21. Shear stress of treated CRC beam by 30% NaOH 

 

Fig.22.Deflection of treated CRC beam by 15 % NaOH 
 

Fig.23. Deflection treated CRC beam by 20 % NaOH 

 
 

Fig .24. Deflection of treated CRC beam by 30 % NaOH 
 

2) Beam with 10 % crumbed rubber 

Results obtained from FEA of enhanced CRC beam 
containing 10 % crumbed rubber with 15 % and 20 % 
NaOH is shown in Fig.25, Fig.26, Fig.27, Fig.28, Fig.29 
and Fig.30 below respectively. 

 

Fig.25.Shear stress of treated CRC beam by 15 % NaOH 
 

 
Fig.26. Shear stress of treated CRC beam by 20 % NaOH 
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Fig.27. Shear stress of treated CRC beam by 30 % NaOH 

 

Fig.28. Deflection of treated CRC beam by 15 % NaOH 
 

Fig.29. Deflection of treated CRC beam by 20 % NaOH 
 

Fig.30. Deflection of treated CRC beam by 20 % NaOH 

3) Beam with 20 % crumbed rubber 
 

Results obtained from FEA of enhanced CRC beam 
containing 20 % crumbed rubber with 15 % and 20 % 
NaOH is shown in Fig .31, Fig.32, Fig.33, Fig.34, Fig.35 
and Fig.36 below respectively. 

 

Fig.31. Shear stress of treated CRC beam by 15 % NaOH 
 

 
Fig.32. Shear stress of treated CRC beam by 20 % NaOH 

 

 
Fig.33. Shear stress of treated CRC beam by 20 % NaOH 
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Fig.34. Deflection of treated CRC beam by 15 % NaOH 
 

 
Fig.35. Deflection of treated CRC beam by 20 % NaOH 

 

Fig.36. Deflection of treated CRC beam by 30 % NaOH 
 

Values of Max shear stress and deflection of each model 
is given in the Table.6. 

 
D. Comparison with reference model 

 

1) At 5% rubber 
 

a) Shear capacity decreased by 34 % and 8 % without  
stirrup and with stirrup respectively . 

b) Shear capacity decreased by 39 % , 3 % and 8 % at 15 % 
, 20 % and 30 % NaOH respectively . 

c) Deflection of CRC beam decreased by 0.4 % and 3 % 
without and with stirrup respectively . 

d) By treating the crumbed rubber with 15 % NaOH 
,deflection decreased by 2.5 % .And deflection decreased 
by 3.6 % and 3.5 % with 20 % and 30 % NaOH 
respectively . 

2) At 10 % rubber 
 

a) Shear capacity decreased by 40 % and 6% without and 
with stirrups respectively . 

b) Shear capacity decreased by 18 % and 4 % at 15 % and 
30 % NaOH respectively .And the shear capacity 
increased by 0.6 % at 20 % NaOH . 

c) Deflection decreased by 0.4 % and 6 % without and with 
stirrup respectively . 

d) Deflection decreased when treated with 20 % NaOH by 
0.5 % . At 15 % and 30 % NaOH deflection increased by 
12 % and 14 % respectively . 

 
3) At 20 % rubber 

 
a) Shear capacity decreased by 44 % and 34 % without and 

with stirrups . 
b) After treating with 15 % , 20 % and 30 % of NaOH , 

shear capacity decreased by 45 % , 41 % and 45 % 
respectively . 

c) Deflection decreased by 0.5 % and 7 % without and with 
stirrups respectively . 

d) Increase in deflection at 15 % , 20 % and 30 % NaOH are 
18 % , 4 % and 22 % respectively . 

 

 
Fig.37. Comparison of shear stress with different % of 

rubber 
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TABLE.6. Shear stresses and deflections of different 
models 

% of 
rub 
ber 

 Mode 
l No 

Shear 
stress 
(MPa) 

Deflectio 
n (mm) 

0% 
Without stirrup 1 274.23 1.9344 

With stirrup 2 256.89 1.9208 
 
 
 
 

5% 

Un 
treate 

d 

Without 
stirrup 3 368.44 1.9269 

With 
stirrup 4 277.13 1.8646 

 
 

Treated 

15 % 
NaOH 9 380.97 1.886 

20% 
NaOH 10 281.24 1.8639 

30 % 
NaOH 11 295.35 1.8666 

 
 
 
 

10% 

Un 
treate 

d 

Without 
stirrup 5 382.85 1.9261 

With 
stirrup 6 272.64 1.8066 

 
 

Treated 

15 % 
NaOH 12 322.73 2.1666 

20% 
NaOH 13 272.48 1.9244 

30 % 
NaOH 14 284.71 2.2105 

 
 
 
 

20% 

Un 
treate 

d 

Without 
stirrup 7 395.67 1.9253 

With 
stirrup 8 343.96 1.7861 

 
 

Treated 

15 % 
NaOH 15 396.28 2.2896 

20% 
NaOH 16 386.6 2.0145 

30 % 
NaOH 17 398.54 2.3683 

 

Fig.38. Comparison of deflection with different % of 
rubber 

E. Comparison with treated and untreated CRC beam 

without stirrups 

 
1) At 5 % rubber 

 
a) Shear capacity of treated beam decreased by 3.4 % and 

23.67 % at 15 % and 30 % NaOH . 
b) After that treatment with 20 % NaOH, shear capacity of 

the beam increased by 19.8 % . 
c) Deflection of treated CRC beam is lesser than that of 

untreated , Variation percentages are 2.1 % , 3.3 % and 3 
% at 15 % , 20 % and 30 % NaOH respectively . 

 
2) At 10 % rubber 

 
a) Shear capacity increased by 16 % , 29 % and 26 % at 15 

% , 20 % and 30 % NaOH respectively . 
b) Deflection increased by 13 % and 15 % at 15 % and 30 

% NaOH respectively .But deflection decreased by 0.1 % 
at 20 % of NaOH . 

 
3) At 20 % rubber 

 
a) Shear capacity decreased by 0.2 % and 0.7 % at 15 % and 

30 % NaOH respectively. And capacity increased by 2 % 
at 20 % NaOH . 

b) Deflection increased by 19 % , 5 % and 23 % at 15 % ,  
20 % and 30 % NaOH respectively . 

 

 
Fig.39. Comparison of shear stress between treated and 

untreated CRC beams 
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Fig.40. Comparison of deflection between treated and 
untreated CRC beams 

 
V. CONCLUSION 

 
1. As the percentage of crumbed rubber increased shear 

capacity of untreated CRC beam decreased by 39% even 
with stirrups . Shear capacity decreased by 7% at 5 and 
10 % of rubber and by 40 % at 20% rubber without 
stirrups. 

2. Deflection of CRC beam decreased by 0.43% as the 
content of crumbed rubber increased in the absence of 
stirrups . And decreased by 5.3% in the presence of 
stirrups 

3. Reduction in shear capacity can be improved by treating 
CRC beam with NaOH .Shear capacity increased by 17% 
at 20 % of NaOH comparing untreated with treated . 

4. Deflection of CRC beam decreased by 2.8 % at 20 % 
NaOH. 

5. Optimum percentage of crumbed rubber and NaOH is 
observed to be 10 and 20 respectively .At this percentage 
shear capacity of treated CRC beam is nearly equal to that 
of untreated CRC beam with stirrups .Only 0.06 
percentage variation is observed. Comparing with 
reference model shear capacity at this optimum 
percentage increased by 0.64.Deflection is also decreased 
by 0.1 % comparing with untreated and by 0.52 % 
comparing with reference model. 

6. Crumbed rubber can be considered as good substitute for 
natural aggregates . Properties of CRC beam,treated with 
20 % NaOH at 10 % crumbed rubber is seemed to be 
better. Thus CRC can be used for structural applications 
at the same time natural aggregates can be conserved. 
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