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Abstract— Reinforced concrete is one of the most widely 

used building material. There are various factors which affect 

the deterioration of a structural member during its service 

period. Apart from structural deterioration due to aging, 

errors made during design and construction phase, and 

unexpected load, all contribute to the deficient behaviour of 

structures. The strengthening techniques help to reduce 

deficient behaviour of structures and bring the structure back 

to their functional use again. CFRP unidirectional mat is one 

of the methods widely used for strengthening. The present 

study is focused on the experimental investigation on shear 

deficient and CFRP strengthened reinforced concrete beams. 

Total eight 200mmx150mmx1500mm concrete beams were 

tested. U wrap configuration in shear zone is used .One beam 

cast to fail in flexure to ensure shear failure of shear deficient 

beam its stirrups minimised to three in numbers. The 

behaviour of shear deficient and CFRP strengthened beam 

under 2 point loading is studied. In this study number of 

layers, orientations of fiber are considered as parameter. 

Based on the parametric study, the scheme which provide 

greater improvement in performance for strengthening of 

shear deficient beams are identified. For all strengthened 

deficient beams, greatest improvement in strength is attained 

for 45º orientation in single ply, 45º-90ºorientation in double 

ply. In all CFRP strengthened beams, mode of failure changed 

from shear to flexural failure and showed greatest 

improvement in the ductile behaviour. 

Keywords— Shear deficient RC beam, CFRP unidirectional 

mat, Two-point loading, mode of failure 

I. INTRODUCTION   
Concrete is absolutely indispensable in modern society. 

Reinforced Concrete is one of the most widely used building 
materials not only in the developed world, but also in the 
remotest parts of the developing world. Fresh concrete can 
be moulded into almost any shape, giving it an inherent 
advantage over other materials. But it has certain limitations 
like lower flexural strength, shear strength, poor bond 
between old and hardened concrete to new and fresh 
concrete, poor resistance to chemical attacks, poor tensile 
strength, porosity, permeability, shrinkage, etc. Due to these 
limitations the concrete structures start showing distress 
even before their service period is over. Such distressed 
structure requires immediate attention and suitable remedial 
measures, so as to regain the strength of structures. This 
necessitates strengthening and enhancement of performance 
of structural elements in a building. Strengthening 
techniques usually aim at increasing ductility, stiffness and 
load carrying capacity of the structural elements. Structural 
elements strengthened using these techniques includes 
beams, columns and beam-column joints. FRP is a 
composite made of high strength fibers and a matrix for  

 
 

binding these fibers to fabricate structural shape. They 
generally have high strength to weight and stiffness to 
weight ratios and are chemically quite inert. Common fiber 
types include aramid, basalt, carbon and glass. These 
advanced materials may be applied to the existing structures 
to increase one or several of the following properties: Axial, 
flexural, or shear load capacities, Ductility for seismic 
performance, Durability against adverse environmental 
effects, Fatigue limit, Stiffness to reduce deflections under 
service and design loads. 

Diagonal cracks of a reinforced concrete beam occur 
when the principal tensile stress of the concrete with in the 
shear span exceeds the tensile strength of concrete. 
Retrofitting of fiber mat around the reinforced concrete 
beam can enhance its shear failure strength. Fibers were used 
to boost the shear capacity of concrete or to partially replace 
the vertical stirrups in reinforced concrete structural 
member. The production and placing of conventional shear 
reinforcement like stirrups is quite labour intensive and 
represents a non-negligible part in the production time and 
production cost of concrete elements. Therefore, the precast 
concrete industry is looking for methods to avoid the 
application of traditional shear reinforcement.  

Common strengthening technique involves construction 
of steel jackets which is quite effective from strength, 
stiffness and ductility. However it increases overall cross 
sectional dimensions, difficult to install and also affected by 
corrosion. To eliminate these problems, steel plate was 
replaced by corrosion resistant FRP plates. Recently in 
construction field, various products made of carbon fibers 
such as CFRP rebar, mat (unidirectional, multidirectional), 
laminates, strips, meshes, chopped fibers are widely used for 
strengthening purpose. In this project CFR Membrane 230 is 
used. It has excellent fiber alignment and multifunctional use 
for every kind of strengthening requirement. Carbon fiber 
has resistance against corrosion, high tensile strength, light 
weight, higher elastic modulus, easier application, high 
stiffness. Previously researches conducted study on overall 
behaviour of R.C square columns with poor concrete at 
upper part, strengthened with CFRP. They found that partial 
strengthening of square column using CFRP can be 
permitted and gives good results of the column carrying 
capacity. Other studies having shear deficient RC beams 
externally bonded FRP strips on the faces of beams. The 
results showed that the beams strengthened with the inclined 
CFRP-strips were more reliable than the beams strengthened 
with the vertical strips. The effect on the strength of beam-
column joints initially stressed to three different stress 
levels, retrofitted with CFRP jackets under static loading 
conditions. They provided CFRP sheets in L-shape and at  
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45º orientations to the joint in two layers. The results 
showed improvement in the ultimate load carrying capacity 
as well as yield load for each of such exterior beam- column 
joints. 

II. EXPERIMENTAL PROGRAMME  

A. Mix Proportion  

For casting of RC beams, concrete mix is designed as per 
IS: 10262-2009 to get a compressive strength of 25 MPa. 
The constituents of the mix are Ordinary portland cement 
(OPC 53 Grade) of 3.14specific gravity, M sand as fine 
aggregate with 2.65 specific gravity, crushed granite of 
20mm size as an aggregate with 2.94 specific gravity. 
Water-cement ratio adopted 0.49.The mix proportion 
selected for the experimental study is 1:177:2.88 

B. CFR Membrane 230 

It is a uniquely formulated prefabricated carbon fiber 
membrane by Cera-Chem Private Limited. Properly installed 
CERA CFR MEMBRANE 230 forms an excellent 
strengthening and repair system to accommodate the 
stresses. Dry fabric thickness is 0.21mm and fiber 
orientation is uni direction. Total weight of CFRP mat is 230 
g/m2 

.  
Fig. 1. CFR membrane 230 

C. Test Specimen Configuration 

The Table 1 describes the CFRP strengthening 
configuration on specimens. 

Table 1. Strengthening configuration 

Beam  

ID 

Specimen 

CB Conventional beam 

SDCB Shear deficient beam 

SD1 90 ºorientation of u wrapping in shear span 

SD2 0 º orientation of u wrapping in shear span 

SD3 45º  orientation of u wrapping in shear span 

SD4 0º-90º orientation of u wrapping in shear span 

SD5 0º-45º orientation of u wrapping in shear span 

SD6 45º-90º orientation of u wrapping in shear span 
 

D. Specimens and Test Matrix 

     For this study there are total eight beams were casted. 
Beam dimension is 1.5 m length, 0.2 m depth and 0.15m 
breadth. Seven beams are casted as shear deficient beam and 
one beam casted to fail in flexure. Since the purpose of this 
study is to evaluate faulty designed shear deficient beams. 
To make shear deficient beam spacing of the stirrups were 
increased. The flexural reinforcement of all beam considered  

 
 

of two steel bars of 8 mm diameter in the tension side and 
two steel bars of 8 mm diameter in the compression side as 
stirrup holder. For conventional beam spacing of stirrup is 
120 mm spacing designed as per IS 456:2000.For shear 
deficient beam number of stirrups is minimized to three. i.e. 
one at the middle and other two at the ends of reinforcement 
caging at spacing 580 mm. All specimens casted as shear 
deficient beam. After 28 day curing, the surfaces of the 
beams cleaned for removing all dust particles and were 
prepared before CFRP wrapping. CFRP wrapping is done 
after applying a priming coat with Primer. CERA CFR EP18 
and EPS is used as primer. The two part epoxy, i.e., hardener 
and binder were mixed and applied over the primer. Then 
CFRP membrane of required orientation style were wrapped 
over the beam as shown Fig 2 and pressing uniformly using 
a roller to ensure removal of air bubbles. Then the specimens 
were allowed to ambient curing for a period of one week. 
Specimens were tested under two point loading as simply 
supported in between supports. 

 
a. Single ply- 90º orientation  

 
b. Single ply- 0º orientation  

 
c. Single ply- 45º orientation  

 
d. Two ply- 0º-90º orientation  

 
e. Two ply- 0º-45º orientation  

 
f. Two ply- 45º-90º orientation 

 
Fig. 2. Strengthening scheme of CFRP mat 

E. Test Setup 

  The specimens were tested using loading frame where 
the specimens were lifted and placed as shown in Fig 3. For 
better observation of the development of cracks, specimens 
were whitened by applying a thin layer of white cement. The 
specimens were simply supported and subjected to two point 
load. Linear variable differential transducers (LVDT) were 
placed at the center bottom and L/3 distance of the beam. 
LVDTs are used to measure the displacement of the test 
specimen. The measured displacement will be displayed in 
the digital indicator and further it is connected to Data 
Acquisition system. The load is applied at each step and 
continued until failure. To measure the load applied to the 
specimen, compression type load cell was used. The load 
cell will give proportional output in electrical parameters 
under the given load. Mid span, L/3 distance deflections 
were recorded for every load increment. 
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Fig.3. Experimental test set up for shear deficient beam 

III. RESULTS AND DISCUSSION  

The control beam and CFRP strengthened reinforced 
beams were casted. The ultimate load and the corresponding 
ultimate deflection at the mid span and at L/3 distance for all 
the tested beams have been determined. The experimental 
test results of all specimens will be discussed in this section 
with respect to their load deflection response curves, mode 
of failure.  

A. Load vs Deflection Behaviour 

After the testing of different specimens under loading 
frame machine, different test results are obtained. During 
testing, the load corresponding to the first crack point is 
noted as well. The loading frame machine automatically 
tabulates the test results in the system associated with the 
machine. From these data the failure load and the 
corresponding deflection for each specimen is noted down 
and is shown in Table 2. 

Table 2. Test result 

     Load vs deflection of conventional beam and shear 
deficient beam is compared to evaluate the shear deficiency 
of beam its stirrup spacing increased to 580 mm as shown in 
Fig.4 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Load vs Deflection at mid span 

 

Load vs deflection at L/3 Distance is also determined for 
conventional beam and shear deficient beam as shown in 
Fig.5 

 

Fig. 5. Load vs Deflection at L/3 distance 

The conventional beam CB designed as per IS code 
provisions showed flexural failure with an ultimate load 
carrying capacity 42 kN with maximum central deflection of 
23.49 mm and deflection on L/3 distance is 22.03 as shown 
in Table II. While the beam with less number of stirrup 
showed shear failure and an ultimate load carrying capacity 
of 33.2 kN with maximum central deflection of 9.4 mm and 
deflection on L/3 distance is 8.9.Load carrying capacity and 
deflection of SDCB is less compared to CB as shown in Fig 
4 and Fig 5.Here experimental study is focused on shear 
deficient beam. Hence CFRP strengthened specimens were 
compared with the SDCB having shear deficiency.  

Load vs deflection of single ply orientation of CFRP and 
shear deficient beam is plotted based on the result obtained 
as shown in Fig.6 and Fig.7 

 
Fig. 6. Load vs Deflection at mid span of single ply 

 
Fig .7. Load vs Deflection at L/3 distance of single ply 

 

 

Beam 

ID 

Load 

at first 

crack 

Ultimate 

load 

(kN) 

Gain factor 

of ultimate 

load 

Deflection (mm) 

Mid 

span 

L/3 

Distance 

CB 32 42 ….. 23.49 22.03 

SDCB 26 33.2 ….. 9.4 8.9 

SD1 37.2 53.2 1.6 19.45 16.26 

SD2 27.7 45.3 1.36 13.68 13.17 

SD3 44 57 1.72 20.11 19.86 

SD4 43.1 48.2 1.45 18.76 16.87 

SD5 44.6 58.6 1.76 19.17 17.06 

SD6 49 65.3 1.97 23.37 18.35 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 12, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 31 of 33



 
 

Load vs deflection of two ply orientation of CFRP and shear 
deficient beam is plotted based on the result obtained as 
shown in Fig 8 and Fig 9 

 
Fig .8. Load vs Deflection at mid span of two ply 

 
Fig. 9 .Load vs Deflection at L/3 distance of two ply 

Load vs. Deflection graph for each specimen is plotted 
based on the results obtained from loading frame machine. 
From these plotted graphs, the comparison graph between 
each specimen is also drawn and is shown in Fig. 10 

 
 

Fig.10.Ultimate load carrying capacity of control and strengthened 
beams 

 
 

It can be observed that the load carrying capacity of 
strengthened beams increase with FRP wrapping. By 
considering single ply orientation the specimen SD3 showed 
the highest load carrying capacity at a strength gain of about 
72 %. The specimen showed load carrying capacity at a 
strength gain of about 60%.The specimen SD2 showed load 
carrying capacity at strength gain of about 36 %. By 
considering two ply orientations the specimen SD6 jacketed 
CFRP membrane of 45-90 degree orientation at shear region 
wrapping showed the highest load carrying capacity at a 
strength gain of about 97 %. The specimen SD4 showed load 
carrying capacity at a strength gain of about 45%. The 
specimen SD5 showed load carrying capacity at a strength 
gain of about 76%. The load carrying capacity of beam with 
single layer of 45 degree CFRP wrapping is 57 kN whereas; 
Shear deficient beam has 33.2 kN. It was observed that the 
failure of the control specimen was purely due to the shear 
as the cracks initiated near the support and propagated 
almost at 45 with the increase of applied load until failure. 
By changing the orientation of CFRP Membrane wrapping 
in shear zone shows greater improvement in load carrying 
capacity. That may be due to orientate the fibers in the CFRP 
membrane at 45º so that are approximately perpendicular to 
the shear cracks. Load carrying capacity of beam with 
double layer of 45-90 degree CFRP wrapping is 65.3 kN 
whereas, Shear deficient beam has 33.2 kN That may be due 
to the combination of inclined fiber orientation on vertical 
fiber orientation. Based on deflection SD3and SD6 shows 
higher deflection compared to shear deficient beam as shown 
in Table 2 it is due the ductile nature of CFRP.  

B. Mode of failure  

It is observed that conventional beam is failed due to the 
flexural failure. All cracks are propagated from bottom to 
top almost vertical direction. but when shear deficient beam 
tested it shows shear failure. Here diagonal shear crack 
extending from supports to the loading point and brittle 
failure occurred. That may due to the formation of diagonal 
tension crack prior to yielding of steel indicating a weak 
shear zone. When the shear deficient beam strengthened 
with CFRP Membrane 230 wrapped on the shear span shows 
flexural failure. Both single and two ply orientation shows 
flexural failure. Mode of failure changed from shear to 
flexural failure as compared to shear deficient beam and 
showed great improvement in the ductile behaviour.  

IV. CONCLUSIONS 
 Control beam and six beams which are externally 

wrapped by CFRP Membrane 230 in different orientation 
and layers were casted with beam breadth of 200mm and 
width is 150 mm tested using the loading frame .Here 
thickness of CFRP Membrane 230 is .21mm and fiber 
orientation is uni-directional. From the testing of specimens 
using loading frame; following conclusions can be made; 

A. Load carrying capacity of specimens with different      
orientation and number of layers were found and 
increasing compared with the control specimen. 

B. Central deflection for the specimens increased as 
compared with control beam. 

C. For single layer wrapping maximum load carrying 
capacity is found on 45 degree orientation of CFRP 
Membrane on shear zone is 57 kN with 72 % load  
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       increment compared with control beam. 
D. For double layer wrapping maximum load carrying 

capacity is found on 45-90 degree orientation of CFRP 
Membrane on shear zone is 65.3 kN with 97 % load 
increment compared with control beam. 

E. The reason for the increased load capacity for this 
single ply and double ply wrapping is due to orientation 
of  the fibers in the CFRP membrane at 45º so that are 
approximately perpendicular to the shear cracks. 

F. Central deflection is maximum for 45 degree single ply 
orientation and 45-90 degree double ply orientation of 
CFRP membrane. It same in deflection at L/3 distance. 

G. Deflections of strengthened beams are greater than 
shear deficient beam. That is due the ductile nature of 
CFRP membrane. 

H. Load carrying capacity of shear deficient beam 
decreased with increasing stirrup spacing with 
corresponding decrease in displacement indicating 
brittle failure. That is the formation of diagonal tension 
crack prior to yielding of steel indicating a weak shear 
zone. 

I. In all CFRP strengthened beams, mode of failure 
changed from shear to flexural failure and showed great 
improvement in the ductile behaviour. 
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