
IJSTE - International Journal of Science Technology & Engineering | Volume 3 | Issue 02 | August 2016 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

212 

Nonlinear Analysis of Deep Beam Reinforced with 

Steel Bar and Laminating FRP on Steel Bar 

  

Nimisha K Pinky Merin Philip 

M. Tech. Student Assistant Professor 

Department of Civil Engineering Department of Civil Engineering 

Saintgits College of Engineering, Kottayam, Kerala, India Saintgits College of Engineering, Kottayam, Kerala, India 

 

Abstract 

Corrosion of reinforcement bars is one of the main problems now days. To overcome this, better building materials are required. 

FRP is the one of best material to avoid corrosion problem. This paper presents result of analytical investigation of deep beam 

reinforced with steel bar laminated using FRP and steel bar without FRP lamination.  Fibre used for the study was CFRP (carbon 

fibre reinforced polymer) and 2mm thickness of FRP laminated around the bottom bar of deep beams. Nonlinear analysis of deep 

beams accomplished using ANSYS 15 software. Objectives of this study were to determine shear strength, deflection, and crack 

pattern when laminating FRP on steel bar and without FRP lamination on steel bar. Parameters considered are effective span to 

depth ratio (1.7, 1.6, and 1.5).   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Deep beam can be defined as beam having span to depth ratio is 2 or less. In IS 456 (2000) clause 29, a simply supported beam is 

classified as deep when the ratio of effective span L to overall depth D is less than 2. Continuous deep beam have L/D ratio less 

than 2.5. The effective span is defined as the centre-to-centre distance between the supports or 1.15 times the clear span 

whichever is less. Concrete deep beams are widely used in wall of water tank, bunkers, pile caps, foundation wall, and in 

offshore structures. The basic assumption of the plane section remains plane after bending is not valid for deep beams. The stress 

distribution is nonlinear along the depth of deep beam. Because of their geometric proportions, if normal amount of longitudinal 

reinforcement is used the strength of reinforced concrete deep beams are usually controlled by shear, rather than by flexure. The 

deep beams do not fail immediately due to the formation of diagonal cracks. After diagonal cracking, the concrete between the 

diagonal cracks can serve as a concrete compression strut. The external shear is assumed to be transferred by the concrete 

compression strut.  

In normal reinforced concrete beams steel bars is being used as reinforcement. Since the steel bars are vulnerable to corrosion 

in adverse conditions. The fibre reinforced polymer is a best material to prevent corrosion. It can be used as a protective layer 

around the steel bar. The FRP sheets are used for this purpose is GFRP, CFRP, and AFRP. In which CFRP sheets have high 

modulus of elasticity and light weight compared to other fibres. And they are earthquake resistant, fatigue resistant and alkali 

resistant. So in this work CFRP used for wrapping steel bar and to resist the corrosion problem. These fibres are adopted to 

improve the behavior of structural element also. 

II. OBJECTIVES 

 To compare the predicted shear strength of concrete deep beams reinforced with steel bars and bottom bar laminated with 

CFRP. 

 To compare deflection of deep beams reinforced with steel bars and steel bar laminated with CFRP. 

 To conduct parametric study on various L/D ratios on steel reinforced deep beam and CFRP laminated deep beam. 

 To examine crack pattern when deep beam reinforced with steel bar laminated using CFRP and steel bar without CFRP 

lamination. 

III. EXPERIMENTAL DETAILS 

The experimental program reported in S.S.Patil et al. (2012) has been considered. It comprised three reinforced concrete deep 

beam specimens reinforced in the same longitudinal reinforcement ratio. The beams were tested with effective span to depth 

ratio 1.7, 1.6, 1.5. All beams were 700mm long and 150mm wide and depth of beams varying like 350mm, 375mm, and 400mm. 

M30 grade of concrete and 415 grade of steel bar were used. The beam is simply supported over a span of 600mm and hinged 

support on either ends of beams. The reinforcement details of control beam having L/D ratio 1.7 shown in Fig.1. 
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Fig. 1: Reinforcement details of control beam L/D ratio 1.7 

Table - 1 

Result obtained by experimental work 
Depth (mm) 350 375 400 

Span to depth ratio (L/D ratio) 1.7 1.6 1.5 

Failure Load (kN) 285 300 335 

Deflection at failure (mm) 1.41 1.45 1.63 

Maximum shear load (kN) 142.5 150 167.5 

IV. ANSYS SOFTWARE 

Ansys 15 software used to build a 3D model of steel reinforced deep beams and deep beams with bottom steel bar laminated 

using CFRP. Ansys define element type, material property, modeling, meshing, loading, and boundary conditions. The concrete 

was modeled using SOLID 65 element and reinforcement bar modeled by using LINK 180 element. Steel plates provided for the 

application of load and support. Concrete and steel plate modeled as solid and the reinforcement as line body. CFRP lamination 

around the steel bar was modeled by using SHELL 181. 2mm thickness of CFRP sheet was provided around the 2 no. of bottom 

steel bar. Three steel reinforced deep beams (D1, D2, D3) with various L/D ratio and three deep beams having CFRP wrapping 

on steel rod (L1, L2, L3) with various L/D ratio was modeled by changing dimension also.. 

 Material Property 

Table - 2 

Material property of CFRP 

Modulus of elasticity in x direction   Ex (Mpa) 2.3 x 105 

Modulus of elasticity in y direction   Ey (Mpa) 1.79 x 104 

Modulus of elasticity in z direction   Ez  (Mpa) 1.79 x 104 

Shear modulus in xy direction          Gxy (Mpa) 1.179 x 104 

Shear modulus in xz direction          Gxz (Mpa) 1.179 x 104 

Shear modulus in yz direction          Gyz (Mpa) 6.88 x 103 

Poisson’s ratio in xy direction           µxy 0.22 

Poisson’s ratio in xz direction           µxz 0.22 

Poisson’s ratio in yz direction           µyz 0.30 

 Three Dimensional Modelling of Deep Beam  

Three dimensional models of deep beam reinforced with steel bar laminated using CFRP and deep beam reinforced with steel bar 

without CFRP lamination shown in Fig.2 and Fig.3. The model is divided in to a number of finite elements for the analysis is 

shown in Fig.4. 

 
Fig. 2: Model of steel reinforced deep beam D1 (L/D ratio 1.7) 
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Fig. 3: Model of CFRP laminated deep beam L1 (L/D ratio 1.7) 

 
Fig. 4: Model of steel reinforced deep beam D1 (L/D ratio 1.7) 

V. RESULTS AND DISCUSSIONS 

The results of analysis are discussed in detail. The nonlinear analysis of two types of six deep beams was done. 

 Analytical Result of Steel Reinforced Deep Beam 

Table - 3 

Analytical result of steel reinforced deep beam  

Beam designation D1(L/D 1.7) D2(L/D 1.6) D3(L/D 1.5) 

Load at failure (kN) 293 298 321 

Maximum Shear strength (kN) 146.5 149 160.5 

Mid span Deflection (mm) 1.13 1.305 1.562 

Fig.5.shows comparison of experimental shear strength and predicted shear strength using ANSYS 15 software of steel 

reinforced deep beams. For beam D1 (L/D ratio 1.7), the shear strength was 2.73% higher than experimental result. For beam D2 

(L/D ratio 1.6) and D3 (L/D ratio 1.5) the shear strength was 0.66% and 4.179% lower than corresponding experimental result. 

Fig.6. shows crack pattern of beam D1 have L/D ratio 1.7. The deep beams with various L/D ratios are reinforced with steel 

bars fails in the same manner. A major diagonal crack formed between support and applied load. The first crack formed near the 

support, and then diagonal cracks and flexural cracks are followed. 

 
Fig. 5: Comparison of experimental and predicted shear strength of steel reinforced beam 
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Fig. 6: Crack pattern of beam D1 (L/D ratio 1.7) 

 Analytical Result of CFRP Laminated Deep Beam 

Table - 4 
Analytical result of CFRP laminated beam  

Beam designation L1(L/D 1.7) L2(L/D 1.6) L3(L/D 1.5) 

Load at failure (kN) 318.763 330.82 389.66 

Maximum shear load (kN) 159.38 165.41 194.83 

Mid span deflection (mm) 0.6902 0.7908 0.95422 

Analytical result of deep beam reinforced with steel bar laminated using CFRP around the bottom steel bar shown in Table-4. 

The failure load and corresponding deflection of deep beams have L/D ratio 1.7, 1.6, and 1.5 determined by nonlinear analysis. 

The Mid span deflection increases with decreasing L/D ratio, likewise failure load and shear load increased with decreasing L/D 

ratio. The crack pattern of CFRP laminated beam same as steel reinforced deep beam shown in Fig.7. The initial crack formed 

near the support and then the shear failure occurred by forming diagonal crack between the point of application of load and 

support.   

 
Fig. 7: Crack pattern of beam L1 (L/D ratio 1.7) 

 Load-Deflection Response 

  
Fig. 8: Load deflection response of beams L/D ratio 1.7     Fig. 9: Load deflection response of beams L/D ratio 1.6 



Nonlinear Analysis of Deep Beam Reinforced with Steel Bar and Laminating FRP on Steel Bar  
(IJSTE/ Volume 3 / Issue 02 / 033) 

 

 All rights reserved by www.ijste.org 
 

216 

 
Fig. 10: Load deflection response of beams L/D ratio 1.5 

Fig.8, Fig.9, and Fig.10 shows load-deflection response of control beam and CFRP laminated beam. The failure load maximum 

for CFRP laminated deep beams and minimum for control beam. The deflection of CFRP laminated beam 32.74%, 39.45%, and 

17.62% lower in magnitude when compare with the control beam having L/D ratio 1.7, 1.6, and 1.5 respectively. L/D ratio 

increases with decreasing deflection of steel reinforced and CFRP laminated beam. 

 Comparison of Shear Strength 

 
Fig. 11: Shear strength control beam and CFRP laminated beam 

Fig.11 shows shear strength of steel reinforced beam and CFRP laminated beam. The L/D ratio increases with decreasing shear 

strength of control beam and CFRP laminated beam which may attributed to the fact that the arch action. CFRP laminated beam 

have shear strength 8.14% higher in magnitude when compared with steel reinforced beam for the L/D ratio 1.7. Similarly for the 

L/D ratio 1.6 and 1.5 of CFRP laminated beam have shear strength 9.92% and 17.62% greater than steel reinforced beam 

respectively. CFRP laminated beam have high shear strength than steel reinforced control beam. 

VI. CONCLUSIONS 

The important conclusions drawn from the various parametric studies are as follows: 

 The Failure load and corresponding deflection from ANSYS 15 has good agreement with experimental result. 

 ANSYS can be monitor shape and propagation of crack during initial loading to failure load. When beams reinforced with 

steel bar and steel bar laminated with CFRP were fails in the same manner. In two cases deep beam fails due to diagonal 

cracking and it was along the line joining point of application of load to support. 

 Shear strength increased with decrease of L/D ratio which may attributed to the fact that the arch action. The shear strength 

of beam reinforced with steel bar laminated using CFRP was found to be more than the beam reinforced with steel bar 

without CFRP lamination. So CFRP laminated beam was stiffer than control beam. In case of CFRP laminated beam have 

L/D ratio 1.7, 1.6, and 1.5 the shear strength was found to be 8.14%, 9.92%, & 17.62% greater than steel reinforcement 

without CFRP lamination. 

 The deflection of control beam and CFRP laminated beam was increased with decreasing L/D ratio. The deflection 

maximum for steel reinforced beam without CFRP lamination. Deflection of CFRP laminated beam have L/D ratio 1.7, 1.6, 

and 1.5 was 32.74%, 26.0%, and 17.62% lower in magnitude when compared with control beam. 
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