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Abstract— Using ANSYS software and experimental work 

to study torsional behavior of carbon fiber after 

restrenthening RC beams of M30 grade of concrete, is 

presented in this paper. Fully wrapped carbon fiber around 

the RC beams and strips of carbon fiber wrapped at an angle 

90° and 45° around the RC beams are the different patterns 

studied experimentally and analytically. Carbon fiber 

worked as an external reinforcement. RC beam strengthened 

with carbon fiber tested for torsional failure; in which lever 

arms subjected to torque were used. The beam size is 150 

mm x 300 mm and of 1.3m in length, designed as per IS456-

2000. Three beams are designed for torsion and the twelve 

beams designed as normal beams in which nine beams are 

strengthened using different patterns of unidirectional 

carbon fiber having same properties, to study its torsional 

behavior. In this experimental work carbon fiber and carbon 

fiber strips of width 100 mm on all face of beam with 900 

and 450 orientations with the longitudinal axis of beam were 

sticked by using epoxy resin. The effect of different types 

and configuration of carbon fiber on first crack load, 

ultimate load carrying capacity and failure mode of the 

beams were taken into consideration and its study using 

ANSYS software gives better result for further study. 
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I. INTRODUCTION 

Restrenthening of RCC structure using carbon fiber has gain 

popularity in the 21
st
 century. To prevent the existing RCC 

structure from deterioration various methods are used. 

Restrengthening RCC structure using carbon fiber is one of 

them which is very popular now-a-days. Carbon fiber has 

some mechanical properties which helps to restrength those 

parts of the structures which are on the path of deterioration. 

To improve strength of older/ deteriorated concrete, 

without disturbing durable part of structures; exterior part of 

the older structure get wrapped using sheet of  carbon fiber; 

which improves the serviceability of the structures. 

Therefore strength of the structure under flexure and torsion 

also improves. 

Generally the structures in earthquake prone areas 

get affected due to torsional failure. To increase its life the 

FRP materials are used now-a-days. Also, to increase 

durability of historical monuments, CFRP materials are 

used. 

To manufacture the carbon fibers, Carbonizing 

polyacrylonitrile yarn at high temperatures process is used. 

The strands are usually wound into a yarn then woven into a 

fabric.The fabric is then wrapped around the beam or the 

structure stick with epoxy. 

 
Fig. 1: Unidirectional Carbon Fiber sheet 

II. EXPERIMENTAL WORK  

This includes casting RCC beams, with various degree of 

damaging, number of layer of applying the carbon fiber 

reinforced polymer sheets. And testing them under two point 

loading on a Universal Testing Machine of capacity 1000 

kN. 

A. Beam Specifications 

Three beams are designed for torsion, three beams are 

designed as normal beam, nine beams are designed for 

restrengthening with carbon fibers to increase its torsional 

capacity. To study it experimentally, all rectangular RC 

beams were casted. The dimensions of RC beams were 150 

mm x 300 mm x 1300 mm of Fe 500. The details of 

reinforcement in beams are as shown in Fig. 2. The casting 

of beams were made as per IS specification using M30 

grade concrete with 20 mm maximum size of coarse 

aggregate, sand and 53 grade ordinary Portland cement. 

These beams were cured for 28 days in pure water and were 

tested under two-point loading on a Universal Testing 

Machine of capacity 1000kN. 

B. Restrenthening of Beams 

In order to ensure correct application of the external 

strengthening materials, it was considered necessary to 

improve the concrete surface characteristics on the contact 

areas to be bond. The surface preparations were done 

according to the manufacturer’s instruction. It includes 

removing the cement paste, using primer putty coated the 

surface. After that the epoxy adhesive was applied to both 

the Carbon Fibre and the Concrete surface. Finally the 

Carbon Fibre sheets and carbon fiber strips with two 

different patterns were applied to the beams. 

 
Fig. 2: cross section of controlled beam and normal beam 
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C. Test Set-Up 

In Universal Testing Machine of capacity 1000 KN all the 

beams were tested under two point loading. At specific 

gradual increased load interval 0f 2 kN the readings were 

recorded. At the time of testing deflection is measured, for 

which dial gauge is used having 0.001 least count. The 

reading of load and deflection were noted down 

simultaneously at the time of testing. First crack appeared 

on beam that would mark on it at the time. The beams were 

placed as simply supported into assembly which was 

fabricated especially for testing.  

D. Crack Pattern  

In this the normal and wrapped beam comparatively studied 

for crack pattern. It was seen that flexural and shear crack 

pattern in both the beams was same. In vertical direction 

flexural cracks were developed at pure bending and shear 

cracks were developed in inclined pattern at shear zone 

nearer to support. 

 
Fig. 3 Experimental setup of the control beam 

 
Fig. 4 Beam No.T1(designed for torsion) after cracking 

 
Fig. 5 Beam wrapped with carbon fiber while testing 

III. ANALYTICAL WORK 

The test results were compared with the results of normal 

beams using ANSYS software. In ANSYS the concrete, 

reinforcement and the carbon fiber were replaced by 

following elements for modeling. Also in ANSYS the 

results were derived using finite element method. 

Following elements and shell are used in ANSYS 

for modeling; in which Concrete is replaced by SOLID186 

element, Reinforcing steel is replaced by SOLID187 

element and Carbon Fibre is replaced by SHELL181 

element.  

 
Fig. 6: SOLID186 element 

 
Fig. 7 SOLID187 element 

 
Fig. 8: SHELL181 element 

 
Fig. 9: Reinforcement model in ANSYS for beam 
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Fig. 10: Wire mesh model in ANSYS for beam design 

 
Fig. 11: Wire mesh model in ANSYS for beam wrapped 

with strip of Carbon fiber 

 
Fig. 12: Reinforcement model in ANSYS for Beam wrapped 

with strip of Carbon fiber 

 
Fig. 13: Beam model in ANSYS for Beam wrapped with 

inclined strip of Carbon Fiber 

IV. RESULTS AND DISCUSSIONS  

Before yielding of reinforcement, all strengthened 

specimens exhibited limited deformation and cracks. The 

initial cracks were initiated and progressed towards upward 

direction from bottom of beam. The results of retrofitted 

beam with carbon fiber were compared with normal beam 

for its torsional behavior. All beams failure caused due to 

crushing of concrete. 

 
Fig. 14: Graph 1 Torsional capacity of normal beam, 

controlled beam, and beams retrofitted with CFRP as fully 

wrapped, strips wrapped of width of 100mm at 90° and 45°. 

V. CONCLUSION 

Following conclusions are drawn based on the results 

discussed in the previous topic  

1) The torsional capacity of lowest strengthen beam 

i.e. wrapped with carbon fiber strips at an angle 45° 

were 46% more effective as compared to the 

control beam.  
2) After Strengthening with CFRP  layer of 100 mm 

width, the ultimate load carrying capacity for 0% 

damage beams are increased  by 91.4% compared 

with control beam. 

3) With increase in degree of damage, deflection at 

ultimate load is found to be decreasing by applying 

CFRP strip. 

4) Above conclusions demonstrates, CFRP increases 

strength of retrofitted beam 45-140% more than 

normal beam. 
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