
IJSART - Volume 4 Issue 5 – MAY 2018                                                                                           ISSN [ONLINE]: 2395-1052 
 

Page | 1704                                                                                                                                                                   www.ijsart.com 
 

Experimental Study on Flexural Behavior of 
Reinforced Concrete Beam with Web Openings And 

Cutouts 
 

Manu Y T1, Dr. Asha K2  
1Dept of Civil Engineering 

2 Associate Professor, Dept of Civil Engineering 
1, 2Dayananda Sagar College of Engineering, Bengaluru, Karnataka, India 

 
Abstract- The investigation is aimed to study the flexural 
behavior of Reinforced Concrete Beam having circular 
opening and cutouts of different sizes and located at different 
location on beam and comparing it with reference beam. The 
experimental program consists of casting and testing of RC 
beams of size 750x150x150 mm with and without circular 
openings and cutouts. In this investigation 7 beams are casted 
by using M-30 grade concrete consisting 4 beams of circular 
hole with dia of 25 and 50mm at different locations and 2 
beams having cutout of 75x75 mm at different locations are 
tested. A comparison was made with reference beam. To study 
the flexural behavior, all beams are tested after 28-days 
curing by applying loads at 1/3rd points. The performance of 
Reinforced Concrete Beams with diameter of opening 
exceeded the 30% of depth of the beam, the reduction of 
ultimate strength increased and the deflection was observed to 
be increased. The Reinforced Concrete Beams with cutouts the 
ultimate flexural behavior of beam decreased drastically and 
deflection also increased highly and the crack patterns were 
also observed during experimentation. 
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I. INTRODUCTION 
 
 For modern construction, the provision of providing 
transverse openings in the reinforced concrete beam would be 
a facility to allow the passage of utility pipes and ducts 
through the structure. This type of design would provoke and 
promote the structural designers to lower the height of the 
structure and to make structure better in design and at 
economical cost. In case of small buildings the savings would 
not be significant, but in case of high rise building savings in a 
single storey multiplied by no. of stories would result in 
substantial savings in total height, length of electrical wires 
and ducts, air conditioner pipes, plumbing material, partition 
surfaces and load on foundation. Due to the abrupt change in 
the cross section of the beam and introduction of opening in 
the beam the normal beam behavior would change to a 

complex one. The opening corners would subject to high 
stress which would lead to cracking of beams. Also reduction 
in the stiffness of the beam would lead to excessive deflection 
under the service load. Thus proper detailing with sufficient 
amount of special reinforcement is to be provided for such 
beams to avoid the adverse effects on the strength and 
serviceability of the beam. Presently no design criteria is been 
mentioned in any of the code which is used for design of 
concrete building structure. 
 

II. MATERIALS 
 

Ordinary Portland Cement of Birla brand was used 
and it was conforming to IS 1489-1991. Tests were conducted 
to find the Specific gravity of cement using Pyconometer and 
the results are tabulated below. Coarse aggregate was crushed 
stone which was available locally. Maximum size chosen was 
20mm down and 12.5mm size aggregate were chosen. Tests 
are conducted to find the Specific gravity using Wire basket 
and Water absorption of coarse aggregate and the results are 
tabulated below. Locally available river sand was used as fine 
aggregate. Specific Gravity and Water absorption properties of 
fine aggregate were determined and test results are tabulated 
in table 1 below. 

 

 
Table 1: Material Properties 

 
For the present experimental work Fe-500 grade of 

Tata steel was used for reinforcement. Portable water which is 
free from organic materials and suspended solids are used, 
which was available at local site. 
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III. METHODOLOGY 
 

In this experimental study M-30 grade Concrete was 
used for the beam specimens using Ordinary Portland Cement, 
Fine aggregates, Coarse aggregates and potable water were 
used and mix design was made according to IS:10262:2000 
and mix details are tabulated below in Table 2. A 
Compression test was carried out to know the characteristic 
Compressive Strength of concrete for 28-days by casting 
cubes of 150 x150x150mm are tested and tabulated below in 
Table 3. In this experimental study total of 7 Reinforced 
Concrete Beams of size 750x150x150mm were casted where a 
solid beam which is used as reference beam to compare the 
results with conventional beam. The beam design were carried 
out according to IS: 456:2000. The Reinforcement was 
provided using Fe500 steel rods and shear stirrups were 
provided. For all seven beams bottom reinforcement of 2-
16mm Ø and top reinforcement were 2-8mm Ø and for 
stirrups of 8mm Ø at 225 mm center to center spacing is 
provided. The capacity of 1000kN Universal Testing Machine 
was used and the designed ultimate loading carrying capacity 
of the beams were 128kN and the beam is designed as 
Balanced Section. 
 

 
Table 2: Mix design details. 

 

 
Table 3: Compression test results. 

 
3.1 Placing of Circular Holes. 

 
For making a transverse hole, frictionless PVC pipe 

of a predetermined external diameter was tied with the 
reinforcements in the correct position before casting as shown 
in the below fig. The holes are made to located at a distance of 
L/3 of the beam and another hole in another specimen at L/2 
and the dia of the hole is varied ie 50mm and 25mm dia holes 
are used in this research and beam with cutouts are also made 
ie the opening cuts are placed at two different locations ie L/3 
in one specimen and in another specimen it is placed at L/2 the 
dimension of cutouts is made to be 75mmX75mm.In the case 

of cutout beams the main reinforcement bar itself is sliced 
down. 
 

 
Figure 1: Placing of Openings and Cutouts. 

 
3.2 Casting and Curing. 

 
Concrete of M-30 grade was designed on the 

guidelines of IS10262-2000 and mix proportion of 1:1.57:2.44 
was selected. The entire beam mould was thoroughly 
lubricated with grease/old for easy removal of mould after 24 
hours of concreting on beam and clear cover or spacers of 25 
mm was provided to beam for uniform spacing of bar. As per 
design calculation, concrete mix was poured in layer and 
compacted using tamping rod. The compaction is carried out 
until mould is completely filled and there was no visible 
presence of air voids. After 24hrs of setting the moulds are 
removed and kept for curing in curing tank for 28 days. 
 
 

 
Figure 2: Beam Layout. 
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Table 4: Beam designation details. 

 
3.3 Test Procedure. 
 

The specimens were tested using a 1000 kN 
Universal Testing Machine; a dial gauge having a travel of 25 
mm was used to record the vertical deflection at the bottom of 
the mid-span of the beam. The behavior of the beams was 
keenly observed from beginning to failure. The appearance of 
the first crack, the development and the propagation of cracks 
due to the increase of load were observed. The loading was 
continued after the initial cracking load and was stopped when 
the beam was just on the verge of collapse.  

 
The universal testing machine consists of a set up for 

testing the two point at the distance of L/3 from supports for 
bending set up facilities. For performing flexural test to 
achieve pure bending an additional fixture was made using an 
iron block and load is applied manually using hydraulic 
cylinder. The values of load applied and deflection are noted 
directly and further the plot of load vs. deflection is performed 
which is taken as the output. The load in kN is applied with 
uniformly increasing the value of the load and the deflection 
under the different applied loads is noted down. 
Figure 3: UTM test setup for 2-point flexure. 
 

IV. RESULTS AND DISCUSSIONS 
 

All beams were tested under two point loading 
condition in the Universal Testing Machine of 1000kN 
capacity. Load was applied by hydraulic jack, then these 
beams were loaded up to the first flexural cracking and all the 
beams were loaded up to the ultimate load. 
 
4.1 Flexural Behavior. 
 

The universal testing machine consists of a set up for 
testing the two point at the distance of L/3 from supports for 
bending. The first crack loading and ultimate loading on solid 
beam and beams with openings and cutouts at different 
locations as been discussed follow. 

4.1.1 Solid Beam (S1). 
 

The first hair crack was visible in the shear span at a 
load of 55 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 105 kN exhibiting a wider 
crack. 
 

 
Figure 4: First cracking in S1 Specimen. 

 
4.1.2 Beam of 50Ø hole at Mid Span (H1): 
 

 
Figure 5: UTM test setup for H1 Specimen 

 
The first hair crack was visible in the shear span at a 

load of 25 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 37 kN exhibiting cracks 
around the hole. Due to the presence of hole in the midspan 
the load carrying capacity of the beam decreases when it is 
compared with solid beam the first crack loading is decreased 
by 55% and ultimate load decreased by 64% due to the 
presence of 50mm dia hole at the mid span of the beam. 
 
4.1.3 Beam of 50Ø hole near Support (H2): 
 

The first hair crack was visible in the shear span at a 
load of 45 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
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visible crack started widening. With further increase in load, 
the beam finally failed at a load of 66kN exhibiting a cracks 
around the hole. Due to the presence of hole nearer to the 
support the load carrying capacity of the beam decreases and 
the beam failure in shear failure mode. When it is compared 
with solid beam the first crack loading is decreased by 18% 
and ultimate load decreased by 37% due to the presence of 
50mm dia hole nearer to the support beam. 
 

 
Figure 6: Crack Pattern observed in H2 Specimen 

 
4.1.4 Beam of 25Ø hole at Mid Span (H3): 
 

The first hair crack was visible in the shear span at a 
load of 40 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 78 kN. Due to the presence 
of hole in the midspan the load carrying capacity of the beam 
decreases when it is compared with solid beam the first crack 
loading is decreased by 27% and ultimate load decreased by 
25% due to the presence of 25mm dia hole at the mid span of 
the beam. 
 
4.1.5 Beam of 25Ø hole near Support (H4): 
 

The first hair crack was visible in the shear span at a 
load of 55 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 92kN exhibiting a wider 
crack. Due to the presence of hole nearer to the support the 
load carrying capacity of the beam decreases and the beam 
failure in shear failure mode. When it is compared with solid 
beam the first crack loading was same as that of solid beam 
and ultimate load decreased by 10% due to the presence of 
25mm dia hole nearer to the support beam 
 

 
Figure 6: UTM test setup for H4 Specimen. 

 
4.1.6 Beam of 75mm square Cutout at Mid Span (G1): 
 

The first hair crack was visible in the shear span at a 
load of 10 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 15kN exhibiting a wider 
crack. Due to the presence of cutout in the midspan the load 
carrying capacity of the beam decreases when it is compared 
with solid beam the first crack loading is decreased by 80% 
and ultimate load decreased by 85% due to the presence of 
cutout at the mid span of the beam. The longitudinal 
reinforcement of the beam is shortened at the cutout region 
hence the tensile strength of the beam decreases drastically 
and that can be observed. In crack propagation it starts from 
the corner edge of the cutout and it propagates towards the 
other surface. 
 

 
Figure 7: UTM test setup for G1 specimen. 

 
4.1.7 Beam of 75mm square Cutout near Support (G2): 
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Figure 8: UTM test setup for G2 specimen 

 
The first hair crack was visible in the shear span at a 

load of 15 kN. As the load increased beyond the first crack 
load, many inclined cracks were also developed and the first 
visible crack started widening. With further increase in load, 
the beam finally failed at a load of 20kN exhibiting a wider 
crack. Due to the presence of cutout in shear zone the load 
carrying capacity of the beam decreases when it is compared 
with solid beam the first crack loading is decreased by 70% 
and ultimate load decreased by 80% due to the presence of 
cutout at the mid span of the beam. The longitudinal 
reinforcement of the beam is shortened at the cutout region 
hence the tensile strength of the beam decreases drastically 
and that can be observed. In crack propagation it starts from 
the corner edge of the cutout and it propagates towards the 
other surface. 
. 

 
Graph 1: First crack load and ultimate load vs. Load for 

various beam specimens 
 

Examining the results presented in the Graph 1, it is 
clear that the presence of an opening not only reduces the load 
carrying capacity of the beam but also reduce the stiffness of 

the beam. The presence of hole in the flexural region 
decreases more loading carrying capacity of the beam when it 
is compared when the hole is nearer to the support and also as 
the diameter of the hole increases the flexural strength of the 
beam decrease. And it can also be observed that in the 
specimens G1 and G2 the loading carrying capacity of the 
beam has decreased more than 70% which is due to the cutting 
the longitudinal reinforcement. 
 
4.2 Load vs. Deflection Behavior. 

 
The specimens were tested under monotonically 

increasing load until failure. As the load increased, beam 
started to deflect and flexural cracks developed along the span 
of the beams. 
 

 
Graph 2: Deflection vs. Load for various beam specimens 

 
Examining the results presented in the Graph 2, it is 

clear that the presence of an opening reduces the stiffness of 
the beam. And hence increases the deflection of the beam. The 
presence of hole in the flexural region increases deflection of 
the beam when it is compared when the hole is nearer to the 
support and also as the diameter of the hole increases the 
deflection of the beam also increases. And it can also be 
observed that in the specimens G1 and G2 due to the presence 
of cutouts in the tension of the beam the deflection is very 
high compare to the solid and other beams with opening which 
is due to the cutting the longitudinal reinforcement. 
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V. CONCLUSION 
 
Based on the results of this experimental investigation, it 
could be concluded that:  
 
 The location of openings has a large effect, where this 

effect is large when openings location is at midspan as 
small effect when openings location is nearer to support.  

 In RC beams with large opening at flexure zone, 
excessive flexural cracks were found at the tension zone 
around the openings. The failure mode was in flexure. 
Providing large opening in RC beam decreased the 
ultimate load carrying capacity. However, in terms of 
deflection, the beam deflection increased more than the 
control beam.  

 Beam of circular opening with diameter less than or equal 
to 30% of the depth of the beam  behave similar to the 
beams without opening, However the ultimate loading 
carrying capacity may decreased very less but when it is 
comparatively low. 

 Beam circular opening with diameter more than 30% of 
the depth of the beam reduces the ultimate load capacity 
of the RC rectangular beams by at least 45%, and the 
deflection also increases due to lack of stiffness in the 
beam. 

 From Load vs. Deflection curve it can be observed that 
beams with cutout the deflection is very high and the load 
carrying capacity is decreased drastically. Hence cutout 
openings are highly not recommended. 
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