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ABSTRACT

Providing an opening in beam develops cracks around the opening due to stress concentration. In this paper an
experimental works conducted to study the behavior of RC beam with different shapes of opening with varying
diameters at different locations. This paper presents the behavior of RC beam with opening unstrengthened by
additional reinforcement. In this experimental study 27 beams were casted, one beam (BN) without opening as a control
beam and the remaining beams were provided with opening. These beams were tested under four-point loading. The
effect of size of opening with different locations was studied in terms of ultimate failure load, maximum deflection and
failure mode. From the test results, it could be concluded that the ultimate load carrying capacity of the RC beam at
shear zone with opening was maximum reduction but at flexure zone, it showed minimum reduction. Rectangular
opening increased the ultimate load reduction than square opening by (4%), while the circular opening reduced the

ultimate load reduction than square opening by (8%).

Keywords: RC beams; web opening effect; shear and flexural behavior; rectangular opening;

circular opening; depth of beams.

1. INTRODUCTION

Utility pipes and ducts are necessary to accommodate essential services in a building.
The types of services include air-conditioning, power supply, telephone line, computer network,
sewerage and water supply. It has been practiced that pipes and ducts are usually hanged below the
floor beams, and covered by a suspended ceiling for its aesthetic purpose. These openings can be of
different shapes and sizes as circular, square or rectangular [1].
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 [2, 4]. Furthermore, sudden change in the dimension of cross section
of the beam leaded to high stress concentration at the corners of opening that may lead to cracking
unacceptable from aesthetic and durability viewpoints. The reduced stiffness of the beam may also
give rise to excessive deflection under service load and result in a considerable redistribution of

internal forces and moments in a continuous beam. It has been noted that the classification of
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opening depended on the structural response of the beam; when the opening is small enough to
maintain the beam-type behavior, then the opening could be termed as small opening. Otherwise,
large openings are those that prevent beam-type behavior to develop [1, 5, and 6]. A circular
opening may be considered as large when its diameter exceeds 40% of the depth of the web [3, 7, 8],

but square opening considered as large when height exceed quarter of the depth of the web [9, 10].

2. EXPERIMENTAL INVESTIGATION

The tested RC beam specimens were designed according to Egyptian specification code.
The nominal value of compressive strength of concrete (fc) is 30 MPa. The longitudinal steel
reinforcement was steel bars with nominal yield strength (fy) of 360 MPa. The stirrups were mild
steel with nominal yield strength of 240 MPa. In the experimental program, a total of 27 RC beam
specimens were tested to failure under four point loading to investigate the behavior including
ultimate load, ultimate deflection and failure mode.

2.1 Materials

Ordinary Portland cement (CEM 1 42.5N) was used. The water cement ratio was 0.5. The
coarse aggregate was 20 mm dolomite. Fine sand as fine aggregate was used. The main
reinforcement bars was 2@12 at bottom, and 2@10 at top. The web reinforcement was closed
stirrups of 8mm with spacing of 150 mm.

2.2 Specimens

All the tested beams were rectangular in cross-section having the dimensions width (b) of
120 mm, height (H) of 250 mm with effective depth (d) of 220 mm. The overall length (L) is 2000
mm with span length (I) of 1800 mm. Fig. 1 and Table 1 give details of the tested beams. The
beams were cast in a horizontal position using steel formwork. The circular opening was created by
a circular polyvinyl chloride (PVC) pipe inserted in the beam before casting of concrete; whereas,
square and rectangular opening was created by inserting a box fabricated from plywood. Fig. 2
shows the different locations of opening. Openings were at three different zones; above support,
flexural zone which is between two concentrated points load, and shear zone which is between
concentrated point load to and close support.

In order to make it easy to recognize the description of each beam, abbreviation of words
had been used. So alphabetic letter “N” will refer to the solid beam without opening; and "C, S and
R" will refer to the type of opening that is circular, square and rectangular, respectively. “SH, S and
F” will refer to opening zone that is shear, above support and flexural zones, respectively.
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Fig. 1: Detail of beam reinforcement with experimental setup.
Table 1: Detail of beam specimens
Beam Specimen Opening Type Opening Size %H Zone
(mm)
BN ==== ==== ==== ====
BC-SH-1 Circular 140 0.56  Shear
BC-SH-2 Circular 130 0.52  Shear
BC-SH-3 Circular 120 0.48  Shear
BC-SH-4 Circular 110 0.44  Shear
BC-SH-5 Circular 100 0.40  Shear
BC-SH-6 Circular 80 0.32  Shear
BC-SH-7 Circular 60 0.24  Shear
BC-SH-8 Circular 40 0.16  Shear
BC-S-1 Circular 140 0.56  Above Support
BC-S-2 Circular 80 0.32  Above Support
BC-S-3 Circular 40 0.16  Above Support
BC-F-1 Circular 140 0.56  Flexure
BC-F-2 Circular 80 0.32  Flexure
BC-F-3 Circular 40 0.16  Flexure
BS-SH-1 Square 125 0.50  Shear
BS-SH-2 Square 80 0.32  Shear
BS-SH-3 Square 40 0.16  Shear
BS-S-1 Square 125 0.5 Above Support
BS-S-2 Square 80 0.32  Above Support
BS-S-3 Square 40 0.16  Above Support
BS-F-1 Square 125 0.50  Flexure
BS-F-2 Square 80 0.32  Flexure
BS-F-3 Square 40 0.16  Flexure
BR-SH-1 Rectangular 80x140 (hxb) 0.32  Shear
BR-S-1 Rectangular 80x140 (hxb) 0.32  Above Support
BR-F-1 Rectangular 80x140 (hxb) 0.32  Flexure

2.3 Items of investigation

At the age of 28 days, RC beam specimens were tested to investigate the effect of size the
unreinforced opening on the behavior of concrete beams without additional reinforcement at
opening. This experimental study focuses on:

1- The effect of different diameters of circular opening on the behavior of concrete beams at

shear zone.

2- The effect of different heights of square opening at different locations.
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3- The effect of different shapes of opening (circular, square and rectangular) at different
locations (flexure zone, shear zone and above support).

4- Comparison between circular opening of 140mm in diameter and equivalent area of square
opening of 125mm in height.

5- Comparison between square opening of 80mm in height and rectangular opening of same
height.
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Fig. 2: Detail of different locations of opening.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The test results are summarized in Table 2. The table shows ultimate failure load (P,),
maximum deflection (4max) and failure modes for all the beam specimens. It was observed that
solid beam (BN) deformed less than some beams with circular opening. The deflections of these

beams were more both near the opening due to reduction of stiffness of the beam.



Table 2: Test Results

Beam Specimen | Py (kN)  Ana (mm)  Failure Mode
BN 79.8 29.90 Flexure
BC-SH-1 35.43 16.11 Shear
BC-SH-2 46.70 20.36 Shear
BC-SH-3 58.45 24.63 Shear
BC-SH-4 70.22 28.77 Flexure
BC-SH-5 78.52 31.44 Flexure
BC-SH-6 79.00 30.61 Flexure
BC-SH-7 79.15 30.07 Flexure
BC-SH-8 79.50 29.95 Flexure
BC-S-1 49.45 22.48 Shear
BC-S-2 79.28 30.72 Flexure
BC-S-3 79.64 30.24 Flexure
BC-F-1 73.31 33.33 Flexure
BC-F-2 79.68 30.87 Flexure
BC-F-3 79.76 30.01 Flexure
BS-SH-1 28.94 12.39 Shear
BS-SH-2 52.15 20.20 Shear
BS-SH-3 67.03 25.22 Flexure
BS-S-1 55.58 23.80 Flexure
BS-S-2 65.88 25.53 Flexure
BS-S-3 74.09 28.00 Flexure
BS-F-1 71.48 30.94 Flexure
BS-F-2 74.92 29.03 Flexure
BS-F-3 77.89 29.31 Flexure
BR-SH-1 49.11 19.03 Shear
BR-S-1 63.44 24.58 Flexure
BR-F-1 72.43 28.06 Flexure

3.1 Effect of circular opening sizes at shear zone
To study the effect of different sizes for circular opening, the position of the applied load
was kept constant and the distance from the support to the opening for both sides of the beam was
taken as 300 mm. Figs 3 and 4 show comparison of beam specimens in this section. The test results
showed there is a slight difference between beams with opening and control beam till opening size
of 100 mm (0.4H). Increasing opening size than 100 mm (0.4H), the ultimate load decreased
significantly. So the opening with size less than (0.4H) was considered as small opening; otherwise,

was considered as large opening.

Fig. 3: Mode of failure of specimens.
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Fig. 5: Effect of circular opening size on deflection.
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Fig. 4: Effect of circular opening size on ultimate failure load.
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3.2 Effect of square opening sizes at different zones

To study the effect of square opening sizes, sizes of 40, 80 and 140 mm at different zones was
investigated. Figs. 5 and 6 show the comparison of beam specimens in this section. The test results
showed that providing a square opening of 40 mm (0.16H) caused average reduction in ultimate
load about (9%), while size of 80 mm (0.32H) caused average reduction about (19%) but a
rectangular opening caused average reduction about (35%). When opening located at the shear zone
causes sharp decrease in the ultimate load about (38%) and when opening is located above the
supports the average reduction was about (18%) but at flexure zone showed the minimum effect

where the average reduction was (6%).
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Fig. 6: Effect of square opening at different zones on ultimate failure load.

3.3 Effect of different opening shapes at different zones
To study the effect of different opening shapes, size of 80 mm at different zones was
investigated. Figs. 7 and 8 show the comparison of beam specimens in this section. The test results

showed that providing a circular opening caused average reduction in ultimate load about (1%),
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while a square opening caused average reduction about (19%) but a rectangular opening caused
average reduction about (23%). When opening located at the shear zone causes sharp decrease in
the ultimate load about (25%) and when opening is located above the supports the average
reduction was about (13%) but at flexure zone showed the minimum effect where the average

reduction was (5%).
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Fig. 7: Effect of square opening at different zones on deflection.
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Fig. 8: Effect of opening shapes at different zones on ultimate failure load.



3.4 Comparison between circular opening and equivalent area of square opening

In this part circular opening of 140 mm in diameter and square opening of 125 mm in height
with same area were studied. Figs. 9 and 10 show the comparison of beam specimens of this section.
The test results showed that providing a square opening caused reduction in ultimate load about
(8%) more than circular opening. The reason behind that reduction in square opening is that the
existing orthogonal corners caused more stress concentration at these corners. Sudden change in the
dimension of cross section of the leaded to high stress concentration at the corners of square

opening that may lead to undesirable cracks.

3500

3 30,72 30.87
990 30061 ) )
30,00 26:03
28.06
25 53
245
25.00 2530
= 20,20
£ 20.00 19.03
=
s 1300
10.00
.00
.00
BM RC-SH-6 B(-8-2 BC-F-2 BS-5H-2 B5-5-2 BS-F-2 BR-5H-1 BR-58-1 BR-F-1
Control Circular Square Rectangular

Beam Specimens

Fig. 9: Effect of opening shapes at different zones on deflection.
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Fig. 10: Effect of equivalent area opening shapes on ultimate failure load.

3.5 Comparison between square opening and rectangular opening of same height

In this part square openings of 80mm in height and rectangular openings with same height were
studied. Figs. 11 and 12 show the comparison of beam specimens of this section. The test results
showed that providing an opening, a rectangular opening caused reduction in ultimate load about
(3-4%) more than square opening. The shear stresses developed in the top and bottom chords at

rectangular opening, which that we considered the beam act like a frame.
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Fig. 11: Effect of equivalent area opening shapes on deflection.
20
79.8
80
74.92
7243
7
0 65.88
63.44
60
z 52.15
-
= 50 49.11
g
P
2410
30
20
10
0
BN BS-F-2 BR-F-1 BS-8-2 BR-§8-1 BS-SH-2 BR-SH-1
Control Flexure Zone Above Support Shear Zone
Beam Specimens

Fig. 11: Effect of width of opening on ultimate failure load.
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3.6 FURTHER research

1. Studying the shear strength of concrete deep beams with openings can be carried out by
modifying the material.

2. Studying strengthening opening by web reinforcement.

3. Studying strengthening opening by new materials as steel fiber or FRP laminates and
different configurations.

4. Study behavior of deep beam with openings using different concrete types such as high

strength concrete.

4. CONCLUSIONS
Based on the results of this experimental investigation, it could be concluded that:

1. The location of openings has a large effect, where this effect is the largest when openings
location is at shear zone and a small effect when openings location is at flexure zone, so the
best place for the location of opening in these beams is in middle of a beam.

2. Circular opening is the best shape of opening that showed the least reduction in ultimate
load.

3. In RC beams with small opening at flexure zone, the maximum reduction in ultimate load
was about (1.5%).

4. 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 about (10% max.). However, in terms of deflection,
the beam deflection increased by (11% max.) more than the control beam.

5. In RC beams with small opening at shear zone, the maximum reduction in ultimate load was
about (2.5%).

6. In RC beams with large opening at shear zone, excessive shear cracks were found around
the openings. The failure mode was in shear. Providing large opening in RC beam
decreased the ultimate load about (64% max.). However, in terms of deflection, the beam

deflection decreased by (57% max.) more than the control beam.
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