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ABSTRACT 
Fiber-reinforced polymer (FRP) application is a 
very effective way to repair and strengthen 
structures that have become structurally weak 
over their life span. FRP repair systems provide 
an economically viable alternative to traditional 
repair systems and materials. In this study 
Experimental and Analytical Investigation on 
Behaviour of Reinforced concrete Continuous T-
beams in Negative Moment Region strengthened 
using Glass Fiber Reinforced Polymer (GFRP) 
sheets are carried out. Reinforced concrete T-
beam externally bonded with GFRP sheets were 
tested to failure using a symmetrical two point 
static loading system. Two RC T-beams and One 
Rectangular beam were cast for this experimental 
test. One beam was used as a control beam and 
one beams is strengthened using Glass Fiber 
Reinforced Polymer (GFRP) sheets. Experimental 
data on load, deflection and failure modes of each 
of the beams were obtained. The effect of different 
amount and configuration of GFRP on ultimate 
load carrying capacity and failure mode of the 
beams were investigated.The experimental results 
showed that the externally strengthened 
reinforced concrete beam with bonded GFRP 
sheet showed significant increase in ultimate 
load.A series of comparative studies on deflection 
between T-beam and Rectangular beam were 
made. Future areas of research are being 
outlined.                                     
Keywords: Reinforced Concrete Rectangular, T-
beams, Negative Moment region, Glass Fiber 
Reinforced Sheets 
 
INTRODUCTION 
 While many methods of strengthening structures are 
available, strengthening by applying GFRP laminate 
has become popular. For strengthening purposes, 

application of GFRP laminate is more advantageous 
than other materials. Teng et al. (2002) pointed out 
that, there is increased demand for extensive research 
work to improve the characteristic behavior of FRP 
materials to establish their application acceptability 
in RC structures, beams, slabs and columns. In 
particular, their practical implementations for 
strengthening civil structures are numerous. Several 
researchers pointed out that most of the pragmatic 
works consist mainly of the rectangular beams. 
Furthermore, the design methodologies as well as 
guidelines are evolved mainly for the simply 
supported rectangular beams. Generally, the research 
works were conducted on RC rectangular sections 
which are not truly representative for the fact that 
most RC beams would have a T Section due to the 
presence of a top slab.  
         Although many research studies had been 
conducted on the strengthening and repairing of 
simply supported RC beams using external plates, 
there is little reported work on the behavior of 
strengthened RC-T beams. Especially, works relating 
to the application of GFRP laminate for strengthening 
the tension zone of RC T- beams in the presence of 
column are very few. The negative moment region or 
the support region of continuous reinforced concrete 
(RC) beams is a critical one due to the simultaneous 
occurrence of maximum moment and shear.  
In addition, there are few difficulties arise due to the 
presence of columns and other components such as 
electric and plumbing lines or HVAC ducts. 
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Table 1 : Test Matrix 

 
        These columns and components hinder the 
process of applying CFRP laminate in this region 
using conventional techniques. Another important 
point is that, the use of thick steel plates for 
strengthening will raise the floor level, which might 
be undesirable. An exhaustive literature review has 
revealed that, a little amount of research works had 
been done to address the possibility of strengthening 
the tension zone of RC T- beam in presence of 
column using FRP materials. In this context, due its 
low profile and ease of installation, composite 
materials such as carbon fiber reinforced polymer 
(CFRP) can be used to provide an economical and 
versatile solution for extending the service life of 
structures. CFRP laminates may provide 
strengthening solutions for all types of structural 
elements such as beams, columns, walls and slabs 
(Nanni, 1999). 
EXPERIMENTAL PROGRAM 
     Reinforced concrete Rectangular  beam of size 
2.6x0.1x0.175m is cast. For all the two reinforced 
concrete T beams, the same arrangement for flexure 
and shear reinforcement is made. The tension 
reinforcement consists of   2 nos of 10 mm diameter 
and 2 nos of 8 mm diameter HYSD bar and 6mm 
diameter rings are placed  @150mm c/c.  In flange 
8mm diameter main rods and four bars of 6 mm 
diameter HYSD bars are provided as distributors. The 
Rectangular beam is reinforced with 2 nos of 10 mm 
diameter and 2 nos of 8 mm diameter     HYSD bar 
and 6mm diameter rings are placed  @150mm c/c. 
The detailing of reinforcement of the beam is shown 
in Fig. All the beams were cast with M25 grade 
concrete and tested after 28days. One of the T beam 
and Rectangular beam was tested without FRP 
reinforcement, and was identified as Beam B0 and 

B1. The other T beam is identified as Beam B2, was 
strengthened in both flexure and shear. 

    Fig 1.Beams With Their Moulds 
For flexural strengthening of Beam B2, two plies 
of 0.8mm thick GFRP laminates were applied on 
the flanges.The strengthening system was 
applied to the surface ofthe beam using standard 
procedure specified by the manufacturer. The 
surface treatment of concrete prior to the 
installation of strengthening system was done 
using water jetting, which proved to be very 
effective and environmentally friendly. 

Fig 2.Fixing Of Gfrp Sheets On The Beam 
 
The beams were tested as simply supported T-
beams under two point bending. The purpose of 
the test setup was to obtain tension on the 
flanges, as in the case of the negative moment 
region of a continuous beam. The supports 
represented the points of inflection of a 

BEAM  
NAME 

CONCRE
TE 
STRENGT
H (MPa) 

LENG
TH (m) 

APPLYIN
G ZONE 

B0-
RECTAN
GULAR 
BEAM 

25 2.6 -- 

B1- T-
BEAM 

25 2.6 -- 

B2- T-
BEAM 

25 2.6 FLEXURE
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continuous beam, where the bending moment 
is zero. Linear Variable Differential 
Transformers (LVDTs) were placed at mid 
span and quarter span to monitor the deflection 
of the beam and at the supports to measure 
settlement. The test setup is shown in Figure 
 

 
Fig 3.Test Setup Of Rectangular Beam 
 

 
Fig 4.Test Setup of T-Beam 

 
RESULTS AND DISCUSSION 
Beam B0 failed in the classical flexural failure 
mode, which is characterized by yielding of the 
tension steel followed by the crushing of 
concrete in the compression zone. Beam B1 
failed in the flexural failure mode, which is 
characterized by yielding of the tension steel 
followed by the crushing of concrete in the 
compression zone. The strengthened beams also 
exhibited flexural failures. All beams cracked at 
practically the same level of load, at about 40Kn. 
After cracking, the decrease in stiffness in Beam 
B0 was larger than in Beams B1 and B2. The 
ultimate strength of Beams B1 and B2 were 
higher than that of the Rectangular beam, 
respectively.  

 
 

 

Fig 5.Final Failure In Beams By Crushing Of 
Concrete  

 

 
Fig 6.Failure Modes Of Rectangular Beam 

 

 
Fig 7.Final Failure In Beams By Crushing Of 

Concrete  

Fig 8.Load Deflection Diagram 
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CONCLUSION 
The present experimental study is done on the 
behavior of reinforced concrete continuous T-
beams in negative moment region strengthened 
by GFRP sheets. From the test results and 
calculated strength values, the following 
conclusions are drawn:  
1. The ultimate load carrying capacity of the 
strengthened beam is enhanced as compared to 
the Control Beam. 
2. Initial flexural cracks appear for higher loads 
in case of strengthened beams.  
3. The load carrying capacity of the strengthened 
Beam was found to be maximum of all the 
beams. It increased up to 37.5 % more than the 
control beam  
4.  Externally bonded GFRP laminates are very 
effective in enhancing the strength, in both 
flexural and shear, and stiffness of the negative 
moment region of T-beams.  
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