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Abstract 
 

An effort has been made to come up with ANSYS modeling for evaluating 

the internally confined concrete beams with externally bonded with GFRP 
laminates. Each four beams were cast using 100mm and 200mm spacing of 

cellular stirrups. All eight beams are tested by cyclic two-point loading until 

the beam get failure. The mechanical properties of constituent materials such 
as tensile strength of steel and GFRP laminates are studied, the performance 

parameters such as strength, deflection, stiffness, ductility, crack history, and 

the number of cycles of confined concrete beam was varied according to the 

confinement.After conducting the experimental tests the test results are 
observed then using ANSYS software modelling and analysis were observed 

compare the results with conventional to confined concrete beams.The 

observations clearly show the variations in with, without confinement, with, 
and without GFRP. The test results were compared through the graph 

obtained from ANSYS and Experiment. Concerning this study, the 

conventional concrete strength can be increased without adding any 

substances. The M20 concrete flexure strength increases by using the 
confined concrete with GFRP laminates. 
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1 Introduction 
 
RCC has greater tensile strength but it has have a lesser confinement the 

core concrete has no proper bonding with reinforcement its leads to cracks 

and spalling of core concrete when flexure occurs. There are many studies 
related to improving the ductility, stress strain behavior of concrete but it is 

very difficult to improve the bonding strength of core concrete with the 

reinforcement and the cover concrete is strengthened with GFRP (Glass fibre 
reinforced concrete) to increase the flexure strength of the concrete[1]. The 

stress-path are calculated by newly developed analytical method of doubly 

reinforced concrete having high strength or normal the complete moment 

curuvatre has been studied and the constituents of the properities of materials 
used for concreting also studied[2]. The flexural ductility of doubly 

reinforced concrete section has been studed by using quantitative analysis 

and effects are studied then the formula has been developed for ductility 
evaluations[3]. 

 

 

2 Literature Survey 
 

The formula used for calculating ductitity design for doubly reinforced 
beam with normal and high strength concrete [4]. For the confined concrete 

beams the stress–strain model has been developed for the uniaxial 

compressive loading the author conclude with the various retrofitting effects 
on deflection, strength, moment curuvature and energy the repairing works 

also made by using these CFRP laminates. He finds the steel ratio, volume of 

internal anchorage[5]. The author clearly studied about the ductility failures 
of beam with CFRP laminates [6]. The various tests on the beam strength 

with bonded FRP plates externally, he studied the beam experimentally and 

analytically. The analysis is fully based on the Nonlinear analysis and 2D 

finite element modelling. His results show that the comparison between the 
pre-crack behavior and the beam strengthen with FRP will increase the 

strength of the beam and he studied the prediction of failure of beam under 

flexure with FRP[7].The numerical analysis of the RC beam with ANSYS 
resulting the load deflection and flexure strength of the beams shows that the 

prediction of cracks and pre analysis of the RC beam with finite element 

modelling [8]. 
 

3 Materials and Methods 
 
The samples are prepared and tested by using the code and the GFRP are 

placed by using the code ACI 440.2R-08 [20]. 
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3.1 Test Materials 
 
 OPC (Ordinary Portland cement) , Fine aggregate Zone II, Course 

aggregate of 20 mm size and potable drinking water were used for 
concreting.   

 

3.1.1. Cement  
 

The Ordinary Portland cement (OPC) 53 grade was used for all beam 

mixes. The achieved compressive strength after 28 days curing was 21.3 

MPa. Cement Specification conform to BIS IS 12269-1987 with having 28 
days compressive size of cube size 100 mm x 100 mm x100 mm was 52.89 

MPa[15].  

 
3.1.2. Aggregates 

 

Natural sourced river sand with a ratio of the density of a substance to 

that of a standard substance. of 2.73 and confirming Zone-II was used as fine 
aggregate [9]. Crumpled blue metal with a ratio of the density of a substance 

to that of a standard substance.of 2.79, passing through the sieve, and 

retained on 12.5mm sieve was used as a course aggregate. Specification for 
coarse and fine aggregate are chosen as per IS 383-2016. Testing of 

aggregates made IS 2386 - 1963 Part I and Part III for Methods of test for 

aggregate for and Part IV for Procedures of test for aggregate for Mechanical 
characteristics [16-18]. 

 
3.1.3. Water 

 
Water used for concrete is free from organic matter and other 

constituents. The pH of water is 7 and the portable water is used for 

concreting as per the code IS 456- 2000[18]. The designed mix proportion of 
1:1.89:3.55 and the water cement ratio was 0.55 and a slump of 75 mm was 

used. 

 
3.1.4. Reinforcing Steel  

 

High yield strength deformed bars (HYSD) having yield strength of 

523.5 MPa were used as tension reinforcement with 8 mm diameter bars as 
transverse reinforcement and 8mm diameter bar with arch welding as 

confined reinforcement. 
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3.1.5. GFRP  
 

The 3mm thick Glass fibre reinforced polymer (GFRP) were used in 4 

beams. The mechanical properties of GFRP were studied and epoxy-based 

bonding agent was used for bonding [10]. GFRP sheets of size 150mm x 

3000 mm and thickness of 3mm were positioned on the prepared concrete 
beam sofit and gently constrained using roller to expel the air voids that 

might have entrapped between the concrete surface and laminates. The 

Nomenclature of the test in Table 1. 

 
4 FEM Modeling  

 

The FEM (Finite element modeling) has been finished by using ANSYS 

software When the smeared option is used reinforcement is defined a part 
SOLID65. Concrete element up to the track of the reinforcement The Figure 

1 shows that the cross- section of the cellular beam Figure 2 shows that the 

nodal creation of Cellular beam modelling. The rebar smeared within the link 

8 elements, the links are attached to the nodes of SOLID 65 element, in this 
the reinforcement is defined as real constant of SOLID65 element. The 

SOLID 46 element is used for creating GFRP (Glass fiber reinforced 

polymer) laminates [11]. The confined stress strain relationship given by the 
existing mathematical model is used in the concrete model. This is very easy 

method with less effort than discrete modeling. The cyclic load is applied to 

the beam with and without confinement. The FEM is initially analyzed under 

cyclic loading [12]. The beam element has with 150 mm x 250 mm cross- 
section and 3000 mm length, the moment of inertia computed, the neutral 

axis stress was computed, the modulus of elasticity of steel and concrete are 

calculated and the values are input to the software. Figure 1 and figure 2 
shows that the FEM modelling in ANSYS, Figure 3, 4, and 5 show the 

various views of ANSYS modelling  

 

 
 

Figure 1. Cellular stirrups with 100mm spacing 
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Figure 2. Cellular stirrups with 200mm spacing 

 
 

Figure 3. Modeling with ANSYS 
 

 
 

Figure 4. Beam with GFRP laminates 3mm thick 
 

 
 

Figure 5. Applying cyclic load in ANSYS 
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5 Experimental Analysis  
 

Eight reinforced concrete beams of size 150mm x 250 mm in cross-

section and3000mm length were cast with M20 grade of concrete under two 
points bending[19]. The steel ratio was 0.69 % with two numbers of 12mm 

dia bars as flexural reinforcement, two numbers of 10 mm diameter bars as 

hanger bars. Two-legged 8 mm diameter stirrups at 200 mm c/c shown in 

Figure 1 controlled 100mm, cellular 100mm, controlled 200mm, cellular 200 
mm and cellular with GFRP as shown in Figure2 and Figure 3. The balanced 

steel ratio was 0.96 and the maximum steel ratio as 0.72. The two-point load 

was tested in the dynamic laboratory of Annamalai University. Four 
specimens are without confinement and four specimens are with confinement 

shown in Figure 4 and figure 5.  The 3mm thick GFRP laminates in the soffit 

of the beams, four beams were bonded with GFRP laminates and four with 
conventional concrete without GFRP laminates All the beams were 

experienced under cyclic loading condition until collapse and manual 

readings were directly recorded into a spreadsheet program[13]. Table 1 

shows the Nomenclature of the test. 
 

 
Figure 6.Exprimental setup in cyclic loading frame  

 
Table 1. Nomenclature of the test 

Test beam Test Beam Description 
The spacing of 

stirrups in mm 

Type of 

stirrups 

N-100 Control specimen 100 Normal stirrups 

C-100 Confined specimen 100 Cellular stirrups 

N-200 Control specimen 200 Normal stirrups 

C-200 Confined specimen 200 Cellular stirrups 

SC-100 Strengthen of a controlled specimen with 3mm GFRP 100 Normal stirrups 

SCO-100 Strengthen of a confined  specimen with 3mm GFRP 100 Cellular stirrups 

SC-200 Strengthen of a controlled specimen with 3mm GFRP 200 Normal stirrups 

SCO-200 Strengthen of a confined  specimen with 3mm GFRP 200 Cellular stirrups 
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5.1. Cyclic Loading  

 

 
Figure 7. Fluxure failure of beam 

 

The details of specimens, materials, setup of samples, and loading are 
present in the following sections. A cyclic load test was conducted with pure 

flexure load ie., two-point loads applied through a spreader beam at the top 

of the simply supported beam specimens[14]. The experimental models 
consist of a reaction frame, push-pull jack 250 KN capacity, mechanical dial 

gauge. The beam was supported on one end hinged and the other end was 

roller support. The test span was 2800 mm the schematic shape of the setup 
of the experimental models is shown in Figure 3. The deflections were 

evaluated at mid-span and load points using mechanical dial gauges of 

0.01mm least count[14]. The crack deduction microscope with the minimum 

range of 0.02mm was used to measure the crack width the concrete apparent 
is observed through a magnifying glass. The first crack and every 

microsecond were noted during testing, all observations were taken at each 

load until the beam got failure. Figure 6 and 7 shows the experimental setup 
of beam. 

 

6. Result and Disscussion 
 

The beam strengthend with GFRP laminates with cellular stirrups exhibit 
of 20.15% in ultimate load than control beam and the ANSYS have 21.15% 

of greater ultimate load with the maximum deflection shown in Figure 8. The 

test results are tabulate in Tanle 2. The beam having more number of cycles 

nearly the maximum number of cycles in cyclic load during experiment as 22 
for beam strengthen with 3mm thick GFRP with cellular stirrups it shows in 

Figure 9. The similar beam having 23 number of cycles in ANSYS modeling. 

The maximum energy was absorbed in the beam having cellular stirrupus 
with GFRP laminates it is 17.15% more when related to the controlled 

specimen were as in ANSYS the Proportion of variation is 17.5% when 
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compared to the controlled specimen it shows in figure 8 and 9. All beams 

are failed only by the flexure mode and the test carried out till the beam fully 
collapsed, The crack width is minimized and the duration of first crack is 

more in the beam with cellular stirrups with GFRP laminates in figure 10 and 

figure 11. The stiffness are compared with ANSYS and experimentally the 

beam with 3mm thick GFRP have 32.87% more when compared to the 
controlled specimen, and it is considerably 38.72% by using ANSYS. The 

experimental results are close in agreement with results predicted by ACI 

method.Table 2 shows that the test results from experimental and ANSYS. 
 

Table 2 .Test results  

 
 

 
Figure 8. Load – deflectioncurve 

 

Test beam 

 Experimental ANSYS 

No. of cycles Deflection  
Maximum 

load 

No. of 

cycles 
Deflection 

Maximum 

load 

N-100 6 15 80.56 7 13 
75.56 

 

C-100 8 17.2 110.25 9 16.2 106.25 

N-200 11 20.4 150.55 12 19.4 146.55 

C-200 13 22.5 186.65 14 21.50 182.65 

SC-100 15 25.56 197.45 16 24.56 193.45 

SCO-100 17 27.5 198.56 19 26.50 194.56 

SC-200 20 30 201.45 22 29.00 197.45 

SCO-200 22 32.78 280.67 23 32.28 278.67 
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Figure 9. Beam designation Vs Number of Cycles 

 

 
Figure 10. Beam designation Vs Stiffness 

 

 
Figure 11. Beam designation Vs Energy absorption   
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7 Conclusion 
 

The beam strengthen with GFRP laminates with cellular stirrups exhibit 

of 20.15% in ultimate load than control beam and the ANSYS have 21.15% 

of greater ultimate load with the maximum deflection. The beam having 
more number of cycles nearly the maximum number of cycles in cyclic load 

during experiment as 22 for beam strengthen with 3mm thick GFRP with 

cellular stirrups. The similar beam having 23 number of cycles in ANSYS 
modeling. The maximum energy was obsorbed in the beam having cellular 

stirrupus with GFRP laminates it is 17.15% more when equated to the 

controlled specimen. In ANSYS the Proportion of variation is 17.5% when 

compared to the controlled specimen. All beams are failed only by the 
flexure mode and the test carried out still the beam fully collapsed The crack 

width is minimized and the duration of first cract is more in the beam with 

cellular stirrups with GFRP laminates. The stiffness are compared with 
ANSYS and experimentally the beam with 3mm thick GFRP have 32.87% 

more when compared to the controlled specimen, and it is considerably 

38.72% by using ANSYS. The experimental results are close in agreement 

with results predicted by ACI method. 
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