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Abstract 

In the construction of multistory buildings the opening in beams are provided for utility ducts and pipes. Providing an opening in 
beam develops cracks around the opening due to stress concentration. In this paper the behavior of R.C.C. beam with rectangular 
opening strengthened by CFRP and GFRP sheets were studied. This paper presents the behavior of R.C.C. beam with rectangular 
opening strengthened by CFRP and GFRP sheets with different techniques. In this experimental study total ten beams were casted, 
one beam without opening (i.e. solid beam) and one beam with rectangular post opening and these two considered as a control beams 
for comparison. The remaining eight beams were externally strengthened by Carbon fiber reinforced polymer (CFRP) and Glass fiber 
reinforced polymer (GFRP) sheets with different strengthening techniques i.e. around the opening, inside the opening, inside and 
around the opening and double layer around the opening. These beams were tested under two point loading in the loading frame.  The 
effect of CFRP and GFRP sheets with different strengthening schemes on such beams were studied interns of initial crack load, 
ultimate failure load, cracking pattern and deflection, From the experimental results it is concluded that the ultimate load carrying 
capacity of the R.C.C. beam with opening strengthened with GFRP sheets of different schemes were increased in the range of 3.74 to 
37.41% and beams strengthened with CFRP sheets increased in the range of 9.35% to 50.50%. Among all these techniques, the 
strengthening with CFRP around and inside the opening was found more effective in improving the ultimate load carrying capacity of 
beam. This investigation helps the practicing engineers to provide an opening in the beams without reducing its load carrying 
capacity.  
 
Keywords: Reinforced concrete beams, Beams with rectangular opening, CFRP, GFRP, Strengthening schemes, Ultimate 
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---------------------------------------------------------------------***------------------------------------------------------------------------- 

1. INTRODUCTION  

Generally, accommodating essential services to existing 
buildings like telephone lines electricity cables, natural gas 
pipes, computer networks and air conditioning pipes needs the 
creation of utility ducts. Because floor height is in most cases 
limited, it is necessary to pass these ducts through transverse 
openings in the floor beams webs. The presence of an opening 
in the web of a reinforced concrete beam leads to many 
problems in the beam behavior such as reduction in the beam 
stiffness, excessive cracking, excessive deflection and 
reduction in the beam strength [1].  
 
Strengthening of beams provided with openings depends 
mainly on whether those openings are pre-planned or post-
planned. In the case of pre-planned openings, both the upper 
and lower chords are designed and reinforced to resist the 
internal forces that they are subjected to two point loads. The 
design of such chords depends on the position of opening and 
the type of loading [2].  A steel reinforcement is provided 
around the opening edges and extended with enough length 
beyond the opening corners to resist the stress concentration. 

Both the reinforcement provided for the upper and lower 
chords and the steel reinforcement provided around the 
opening are considered as internal strengthening. A 
rectangular opening may be considered as a small opening 
when opening depth or diameter is ≤ 0.4 times of overall beam 
depth and length ≤ beam depth; otherwise it is considered as 
large opening [1]. 
 
Quite few methods of strengthening the beams with openings, 
more common ones are strengthening by Carbon Fiber 
Reinforced Polymer Sheets (CFRP Sheets), Glass Fiber 
Reinforced Polymer Sheets (GFRP Sheets), Aramid Fiber 
Reinforced Polymer Sheets (AFRP), Steel Plates and 
Strengthening by steel reinforcement [1, 3 and 4]. 
 
In this paper behavior of beams with opening under different 
types of strengthening techniques using CFRP and GFRP 
Sheets is carried out. Ten beams were casted; nine beams were 
with rectangular post opening provided by using drilling 
machine. Three beams are strengthened with CFRP sheets and 
three are strengthened with GFRP sheets, two beams are 
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strengthened with CFRP and GFRP sheets respectively by 
double layer process and remaining one beam with rectangular 
post opening (non-strengthened) for comparison. These beams 
are tested under two point loading in the loading frame, the 
ultimate failure load of the beam and deflection have been 
recorded and results were compared with the control beam 
without opening and control beam with rectangular post 
opening. 
 
2. EXPERIMENTAL STUDY 

2.1 Materials 

The mix design for the concrete was carried for M20 grade 
using OPC 53 grade, local sand and coarse aggregate. The 
reinforcement in beam consists of 2-12 mm at bottom, 2
mm at top and 8 mm stirrups at 150 mm c/c. Ten beams were 
casted and cured for 28 days. The post openings of size 100 
 

 
Fig. 1: Dimension of beam with rectangular opening in shear zone

 

2.3 Strengthening schemes with CFRP and 

Sheets 

• Strengthening around the opening (wrapping of 
CFRP and GFRP sheets around the opening): The 
CFRP sheet is bonded only around the opening for 
B3 beam and GFRP sheet for B4 beam and has been 
extended 200 mm beyond the opening.

 

 
CFRP wrapping around               GFRP wrapping around 

the opening                                              
 

• Strengthening inside the opening (wrapping of CFRP 
and GFRP sheets inside the opening): The CFRP 
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strengthened with CFRP and GFRP sheets respectively by 
double layer process and remaining one beam with rectangular 

arison. These beams 
are tested under two point loading in the loading frame, the 
ultimate failure load of the beam and deflection have been 
recorded and results were compared with the control beam 
without opening and control beam with rectangular post 

The mix design for the concrete was carried for M20 grade 
using OPC 53 grade, local sand and coarse aggregate. The 

12 mm at bottom, 2-10 
mm at top and 8 mm stirrups at 150 mm c/c. Ten beams were 

ays. The post openings of size 100 

mm diameters were provided by using drilling machine and 
one solid beam (i.e. control beam). The CFRP and GFRP 
sheets were used for the external strengthening of the beam 
with rectangular opening and these sheets were bon
specimen by using epoxy resin. 
 
2.2 Test Specimen 

The experimental program includes testing of beams with 
rectangular opening having different strengthening techniques. 
All tested beams had a rectangular cross section of 150mm 
width and 250mm depth and a effective length of 1800mm. 
The dimension and location of the opening as shown in figure 
1. 
 
 

Dimension of beam with rectangular opening in shear zone

 
Strengthening schemes with CFRP and GFRP 

Strengthening around the opening (wrapping of 
CFRP and GFRP sheets around the opening): The 
CFRP sheet is bonded only around the opening for 
B3 beam and GFRP sheet for B4 beam and has been 
extended 200 mm beyond the opening. 

 

around               GFRP wrapping around 
                                              the opening 

Strengthening inside the opening (wrapping of CFRP 
and GFRP sheets inside the opening): The CFRP 

sheet is bonded only inside the opening for B5 
and GFRP sheet for B6 beam.

 

 
CFRP wrapping inside

 the opening                                              
 

• Strengthening around and inside the opening 
(wrapping of CFRP and GFRP sheets around and 
inside the opening): The CFRP sheet is bonded both 
around and inside the opening for B7 beam and 
GFRP sheet for B8 beam and extended 200mm 
beyond the opening.
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were provided by using drilling machine and 
one solid beam (i.e. control beam). The CFRP and GFRP 
sheets were used for the external strengthening of the beam 
with rectangular opening and these sheets were bonded to the 
specimen by using epoxy resin.  

The experimental program includes testing of beams with 
rectangular opening having different strengthening techniques. 
All tested beams had a rectangular cross section of 150mm 

epth and a effective length of 1800mm. 
The dimension and location of the opening as shown in figure 

 

Dimension of beam with rectangular opening in shear zone 

sheet is bonded only inside the opening for B5 beam 
and GFRP sheet for B6 beam. 

 

inside               GFRP wrapping inside 
                                              the opening 

Strengthening around and inside the opening 
(wrapping of CFRP and GFRP sheets around and 
inside the opening): The CFRP sheet is bonded both 
around and inside the opening for B7 beam and 
GFRP sheet for B8 beam and extended 200mm 
beyond the opening. 
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CFRP wrapping around               GFRP wrapping around 
and inside the opening                       and inside the opening 
 

• Strengthening around the opening by double layer 
(wrapping of CFRP sheet and GFRP sheets around 
the opening by double layer process): In this 
technique CFRP sheet is bonded only around the 
opening by double layer process for B9 beam and 
GFRP for B10 beam and extended 200mm beyond 
the opening. 

 

 
 
CFRP wrapping around               GFRP wrapping around 
the opening by double layer     the opening by double layer 
 
2.4 Loading Set Up and Instrumentations 

The schematic of the test set up as shown in figure 2. The 
beams were tested in loading frame (1000 kN capacity) under 
two point loading. The load was applied incrementally by 
means of hydraulic jack until beam fails. The deflection at mid 
span, opening centre and other end without opening were 
recorded. 
 

 
 

Fig. 2: Test set up in loading frame 
 
3. TEST RESULTS AND DISCUSSIONS 

3.1 Test Results 

The test results are summarized in Table 2. The table shows 
initial crack load, ultimate failure load, maximum deflection 
and modes of failure for all the beams.  
 
 
 
 
 
 
 
 
 
 
 

Table 2: Test results 
 

Designation 
on Beam Type of Strengthened 

Initial 
Crack 

Load in 
KN 

Ultimate 
Failure 
Load in 

KN 

Increase in 
load 

carrying 
capacity in 

% 

Maximum 
Deflection 

Mode of 
Failure 

B1 Control beam 27.10 79.75 - 10.895 Flexure 

B2 
Non Strengthened Control 

beam(post opening) 
14.14 43.30 - 6.415 Shear 

B3 
Strengthened around by 

CFRP 
15.76 54.64 26.18 8.550 Shear 

B4 
Strengthened around by 

GFRP 
15.76 52.21 20.57 8.200 Shear 

B5 
Strengthened inside by 

CFRP 
17.38 47.35 9.35 6.975 Shear 

B6 Strengthened inside by 17.38 44.92 3.74 6.890 Shear 
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GFRP 

B7 
Strengthened around and 

inside by CFRP 
19.00 65.17 50.50 10.390 Flexure 

B8 
Strengthened around and 

inside by GFRP 
17.38 59.50 37.41 9.205 Flexure 

B9 
Strengthened around with 

double layer by CFRP 
19.00 61.12 41.15 9.725 Flexure 

B10 
Strengthened around with 

double layer by GFRP 
17.38 58.69 35.54 10.510 Flexure 

 
 

3.2 Discussion 

The experimental results presented in the table 2, it is clear 
that the presence of an opening not only reduced the load 
carrying capacity of the beam but also reduce the stiffness of 
the beam. The reduction in the load carrying capacity of the 
beam was about 45.70% due to presence of a 300X100 mm 
rectangular opening within the shear zone. The percentage of 
increase in load carrying capacity for the beams strengthened 
with CFRP(B7) and GFRP(B8) sheets around and inside the 
opening was 50.50% and 37.41% respectively as compared to 
non-strengthened beam B2 (control beam with rectangular 
post opening) and in case of beams strengthened with 
CFRP(B9) and GFRP(B10) sheets around the opening by 
double layer, the percentage of increase in load carrying 
capacity was 41.15% and 35.54% respectively as compared to 
non-strengthened beam B2 (control beam with rectangular 
post opening). 
 

 
 
Fig. 3: Load-deflection relationship for all beams at mid span 
 

 
 

Fig. 4: Load-deflection relationship for all beams at the 
opening centre 

 

 
 

Fig. 5: Load-deflection relationship for all beams at left side 
 
The figure 3 shows load-mid-span deflection relationship for 
all tested beams. Comparing the deflection for beams B1 and 
B2 it can be seen that a significance increase in the mid-span 
deflection for beams B2 than that for beam B1. This is due to 
the reduction in the stiffness of beam B2 as result of the 
inclusion of opening. The figure 4 shows load deflection 
relationship for all tested beams with openings at centre of the 
opening. It can be seen that external strengthening around and 
inside the opening significantly increases the beam stiffness at 
the opening, increase in the load carrying capacity and 
decrease in deflection as compared to non strengthened beam 
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B2. It can be also observed from the figure 3, 4 and 5 that 
within the elastic range of loading, the behavior of all 
strengthened beams with opening were similar to that of the 
solid beam B1.  
 
CONCLUSIONS 

• By an inclusion of rectangular post opening in the beam 
the load carrying capacity of the beam decreases by 
45.70% as compared to solid beam i.e. control beam due 
to decrease its stiffness. The diagonal cracks were 
developed due to stress concentration around the opening 
edges. 

• Strengthening of the beam opening with CFRP and GFRP 
sheets around the opening is more efficient than 
strengthening of the beam opening with CFRP and GFRP 
sheets inside the opening. 

• Strengthening of the beam opening by using CFRP and 
GFRP sheets both around and inside the opening 
increases the load carrying capacity significantly and in 
case of CFRP sheets percentage of increase in load 
carrying capacity is 50.50%, where as in case of GFRP 
sheets percentage of increase in load carrying capacity is 
37.41%. 

• From the overall study, it can be concluded that the 
strengthening with CFRP around and inside the opening is 
more efficient and is considered as best strengthening 
scheme. 

• These techniques help the practicing engineers to 
strengthen the openings provided in existing buildings. 
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