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Abstract: This article presents analysis of RCC beam with web opening. The analysis of behavior of beam with web opening was done
by experimental investigation, Computer simulation and analytical method. Beam sample with web openings were casted and test were
carried out for finding maximum deflection. Computer simulation was also carried out using ANSYS software to obtain detailed solution.
Further, analytical approach was used to compare the results obtained from computer simulation and experimental findings. The results
thus obtained were compared and conclusions were drawn.
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INTRODUCTION
Beam is the prime load carrying member in the frame of a structure. RCC buildings are popular
in India and thus beams are casted in concrete with steel reinforcement. Beam is designed for a
combination of several loads and its depth increases as the load increases. Increase in the
depth of beam results into reduction of clear head room below. It is observed that, the service
cables, conduits and pipes run through the bottom of the beam further reducing the clear head
room. Figure 1 shows a typical view where electrical cables and water pipe lines can be seen.
This problem can be eliminated by providing openings in the beam web. Openings allow all
service cables to pass through without any bends as shown in Figure 2.

Figure 1: Service cables and pipes under
beams

Figure 2: Pipes through web of beams

In past the behaviour of beams with web opening made of homogeneous materials like steel or
timber were studied. In RCC beams, compressive stresses are taken by concrete and tensile
stresses are taken by steel reinforcement, hence provision of web opening alters the stress
distribution pattern tremendously around the web opening. Thus the provision of opening in
the web of beam affects strength of the beam. Present article investigates the behavior of RCC
beam with web openings by experimental, simulation and analytical approach.
In year 2006, Mansur [1] presented an article that shows study on RCC beams with web
opening of different shape. In the same year, Hee Chang Eun and other [2] presented
experimental investigation on deep beams with web openings and reported that load carrying
capacity of beams with opening can be improved by adopting higher grade concrete and
provision of longitudinal bars. In year 2013, Geetha et al. [3] presented study on RCC beams
with rectangular and circular openings using computer simulation. This study ignores
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reinforcing bars in computer simulation and reports that strength of beam reduces with
inclusion of opening in beam. Khapre and Pachpor [4] have conducted study on investigation of
RCC beam with web opening using finite element method. Their study shows that circular
opening are more suitable as compared to rectangular opening.
Study on wooden beams with opening was presented by Danielsson [5] in 2009. This study
shows experimental investigation as well as analytical approach to understand behavior of
wooden beams with circular and square opening.
Effect of web opening in steel beams was also report by few researchers. Study by Chung KF
and other [6, 7, 8] shows finite element analysis of I sections with web opening. These articles
report effect of web opening on stiffness, shear and flexure failure. Pachpor and others [9, 10]
also carried out investigation on steel with openings of different shapes using ANSYS and its
comparison with Eurocode 3 [11], AISC steel design guide 2 [12] and British code BS 5950 [13]
was presented by Pachpor [14].
This article aims at performing detailed investigation of RCC beam with web opening through
experimental investigation, computer simulation using finite element method based software,
and analytical solution.
2. Methodology
The investigation of RCC beams with web opening is carried out using three different methods
i.e. experimental, analytical and through computer simulation. In the first method, RCC beam
was casted and tested with two point loading system for flexural strength and displacement. In
the second method, finite element model was prepared in ANSYS software considering identical
geometric and material properties that of casted beam. Computer simulation was carried out
and detailed results are obtained in from of strains, stresses and reactive force. In the last
method, an attempt was made to obtain the analytical solution.
2.1. Experimental Investigation
RCC beam with following specification was casted
Material Properties
 Concrete Grade - M 35
 Cement - OPC 53 Grade
 Steel - Fe250.
 Water-Cement ratio - 0.4
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 Web opening - PVC pipe
 Small aggregate - fine sand
 Large aggregate - 10-20 mm
Geometric Properties
 Shape of the opening- Circular
 Size of beam - 150 x 150 x 750mm
 Location of web opening across length - at centre i.e. 350 mm from both ends
 Location of web opening across depth - at center i.e. 75 mm from top/bottom
 Size of opening - 50 mm in diameter
Reinforcement details
 2 Numbers 8 mm diameter bars at bottom
 2 Numbers 8 mm diameter bars at top
 Clear cover is taken 35 mm
 8 mm diameter stirrups at spacing 200 mm c/c

Figure 3: RCC beam Sample with web opening
Figure 3 shows casted beam sample with circular web opening. After 28 days immersion curing,
testing was carried out in UTM of capacity 400 kN. The rate of loading applied on beam was 40
kg/mm2/min. Two point loading system was adopted for experimental investigation. Beam was
placed on two supports at a distance of 600 mm.
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Figure 4: Load displacement curve
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Figure 5: Testing of RCC Beam sample

Two point loads at a distance of 200 mm were applied as shown in Fig. 4. The load
displacement curve was obtained as shown in Fig. 5. It was found that the beam failed at
displacement of 7.1 mm and the corresponding ultimate load was reported as 68.40kN. Figure 5
also shows the failure pattern of RCC beam sample.
2.2. Computer Simulation
In order to obtain detailed solution, computer simulation using ANSYS was carried out. Initially
three dimensional solid model was prepared using ANSYS Design Modeller as shown in Fig. 5 All
dimensions are taken exactly same as beam that was actually tested experimentally. Computer
simulation was carried out using Simulation feature of ANSYS for two point loading system.
Figure 6 shows finite element model used by ANSYS for simulation. Actual material properties
(as mentioned above) were assigned to the appropriate portion the finite element model. The
loads are applied in form of Displacement Load of 7.1 mm that was same as the displacement
where the beam failed in experimental investigation. The reactive load for 7.1 mm
displacement was measured and it was found that the value of load was 63.65 kN.

Figure 5: 3-D Model of Beam
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2.3. Analytical
After experimental investigation and computer simulation, an attempt was made to find the
analytical solution of the problem. The analytical solution couldn’t be obtained as there was no
direct method available to analyze beam with web opening. However, equation for solid beam
was available to compute the deflection under two point loads. The equation is as follows
PL2

192EI

… (1)
Using the material properties and geometric properties mentioned above, the load was
computed using the equation (1) for deflection of 7.1 mm. it was found that the load value was
77.95 kN corresponding to 7.1 mm deflection.
2.4. Comparison of Results
Following table shows the comparison of ultimate load obtained using three different methods.
It was observed that for displacement of 7.1 mm, the value of ultimate load was found to be
least for computer simulation and highest for analytical solution.
Displacement
7.1 mm

Experimental
68.40 kN

Simulation
63.65 kN

Analytical
77.95 kN

3. Results and Conclusions
After analyzing the RCC beam with web opening using three different methods, the ultimate
load obtained experimentally and by computer simulation was found to be similar. The
difference between experimental value of ultimate load and ultimate load obtained from
computer simulation is 6.94%. Analytical solution shows higher value of ultimate load (12.25%)
as it was computed using equation that is used form solid beam. With the introduction of web
opening in the RCC beam, load carrying capacity of the beam will be reduced. Hence the
difference in value of ultimate load is acceptable.
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