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Abstract

In this study a three-dimensional nonlinear finite element method using ANSYS 15.0, is used to analyse beams with circular
openings. The presence of openings in RC beams is frequently required to accommodate essential services such as ventilating
and air conditioning ducts telephone lines. Provision of such openings due to architectural or mechanical requirements would
reduce the element’s capacity, thus rendering a severe safety hazard. Thus adequate measures should be taken to strengthen the
beam and counteract the strength reduction. This paper, influence the use of Carbon fibre reinforced polymer (CFRP) and Basalt
fibre reinforced polymer (BFRP) on increasing the strength of concrete beams having circular opening. A total of nine beams
were modeled. In this three beams were modeled as control beam, i.e. one beam without opening (i.e. solid beam), and two
beams with circular shear and flexural opening. The remaining six beams were externally strengthened by Carbon fibre
reinforced polymer (CFRP) and Basalt fibre reinforced polymer (BFRP) sheets with different strengthening techniques i.e.
around the opening, inside the opening, inside and around the opening. The effect of CFRP and BFRP sheet with different
strengthening techniques were studied in terms of cracking pattern, ultimate failure load, ductility, and deflection.
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I. INTRODUCTION

Openings in beams occur quite open for convenient passage of environmental services. Openings are of different shapes and
sizes, in which circular and rectangular openings are most common. An opening in beams changes their simple behaviour to a
complex one and this cause’s serviceability problem. These openings are generally located close to the supports where shear iS
predominant. Cracks developing near the opening will reduce the load carrying capacity and stiffness of the beams. The
reduction in stiffness of the beam will give rise to excessive deflection. As the opening interrupts the natural load path that is the
line connecting the load and support points’ reduction in shear capacity occurs. Thus, it is necessary to study the effect of
openings on the beams so that it can act as a structural element without compromising their shear capacities. Thus special
reinforcements enclosing the opening in the form of external or internal reinforcement should be provided. Steel bars are
provided along with the main reinforcements during casting as internal reinforcements. External reinforcements are provided
externally around opening by means of jacketing or wrapping of composite materials like glass fibre reinforced polymer (GFRP),
basalt fibre reinforced polymer (BFRP), carbon fibre reinforced polymer (CFRP), and steel plates.

Many experimental and analytical studies have been carried out on concrete structures with openings. Hafiz et al. (2014)
studied the influence of different opening type on strength and behavior of reinforced concrete (RC) beams using numerical
analyses. Godat et al. (2010) investigated the size effect on the behavior of RC beams using experimental and numerical
analyses. Saeed Ahmed Al-Sheikh (2014), conducted experimental study on behaviour of beam with different shapes of opening
with varying diameters at different locations. The effectiveness of strengthening beams with openings using CFRP and GFRP
have been reported by many researchers. CFRP has a high elastic modulus and relatively good tensile strength, but their
performance under fire test is less than desirable and high cost. Another common fibre is GFRP; even though its cost is lesser
than CFRP it has low modulus of elasticity and insufficient durability. Thus BFRP is another new choice for strengthening, with
similar effects to use CFRP, and corrosion resistance, good ultimate strain and ductility, and low cost which are unique
advantages. The method adopted here is strengthening using CFRP and BFRP sheets.

Il. MODELLING AND ANALYSIS

A simply supported RC beam of length 2000mm, width 150mm and depth 250mm is adopted. The top bar consists of two bars of
12mm diameter; bottom bar consists of two bars of 10mm diameter and 8mm stirrups at 150mm c/c. The size of opening was
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100mm diameter. ANSYS 15 software is used to modeling. Solid 65 is used for the three- dimensional modeling of concrete.
Concrete was assumed to behave as both linear elastic and multilinear inelastic material. LINK 180 was used to model
reinforcing bar. Reinforcing bars was assumed to be both linear elastic and bilinear inelastic material. A SHELL 181 element
was used to model FRP composites. A SOILD185 element was used to model loading and support steel plates. Roller and hinged
support were created. The force P was applied on all nodes that exist at the entire centreline of the plates at an equal distance
from mid span. From the validation study it was observed that ultimate load for mesh 25mm is nearest to ultimate load to the
experimental beam as given in Rakesh Diggikar (2014). Material properties for each element are shown in Table-1 to Table-4.
Table- 1
Material properties of concrete

Young’s modulus of concrete kN/m? | 2.23*10*
Poisson’s ratio of concrete 0.15
Open shear transfer coefficient 0.3
Closed shear transfer coefficient 0.9
Uniaxial cracking stress 3.13
Uniaxial crushing stress -1
Table - 2
Material properties of steel
Young’s modulus of concrete kN/m? | 2*10°
Poisson’s ratio of concrete 0.3
Yield stress of steel 415
Table - 3

Material property of CFRP
Modulus of elasticity in x direction Ex(Mpa) | 2.3 x10°
Modulus of elasticity in y direction Ey(Mpa) | 1.79 x 10*
Modulus of elasticity in z direction E; (Mpa) | 1.79 x 10*
Shear modulus in xy direction Gxy (Mpa) 11790
Shear modulus in xz direction Gxz (Mpa) 11790
Shear modulus in yz direction Gyz (Mpa) 6880

Poisson’s ratio in xy direction Ly 0.22

Poisson’s ratio in xz direction Uxz 0.22

Poisson’s ratio in yz direction Hyz 0.30
Table - 4

Material property of BFRP
Modulus of elasticity in x direction Ex(Mpa) | 37700
Modulus of elasticity in y direction Ey(Mpa) | 5237
Modulus of elasticity in z direction E; (Mpa) | 5237
Shear modulus in xy direction Gxy(Mpa) | 0.2
Shear modulus in xz direction Gx:(Mpa) | 0.21
Shear modulus in yz direction Gy:(Mpa) | 0.21

Poisson’s ratio in xy direction Uxy 2050
Poisson’s ratio in xz direction Hxz 3630
Poisson’s ratio in yz direction Hyz 3630

To study the influence of external reinforcement on the behaviour of concrete beam, a total number of nine beams were
modelled and analysed. The beams are grouped into three series. The first series comprises, the control beams. Second series
comprises beams with CFRP wrapping of opening. Third series comprises beams with BFRP wrapping of opening Fig.1 to
Fig.6.shows the finite element models created for these three groups.

ey

Fig. 1: ANSYS model of solid beam Fig. 2: ANSYS model of beam with flexure zone opening
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TN
Fig. 5: ANSYS model of beam with outside wrapping Fig. 6: ANSY'S model of beam with inside and outside wrapping

I11. RESULTS AND DISCUSSIONS

A. Comparisons to find the effect of openings in conventional RC beams

Among the nine types of the investigated beams, three beams i.e. a solid beam without opening, beam with flexure zone opening
and beam with shear zone opening. This comparison is done to study the effect of RC beams with different opening shapes at
different locations. The effect of opening with different locations was studied in terms of ultimate failure load, maximum
deflection, and crack pattern.
The models considered are

1) Solid control beam (CTRL)

2) Rectangular flexure opening (R-CTRL-F)

3) Rectangular shear opening (R-CTRL-S)

4) Circular flexure opening (C-CTRL-F)

5) Circular shear opening (C-CTRL-S)
1) Load —Deflection Response
From load-deflection curve presented in Fig.7 for these three beams, the RC beam containing shear opening showed the highest
reduction in load carrying capacity. In case of beam with flexure zone opening, it did not show significant reduction in load
carrying capacity.
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SOLID CONTROL BEAM
— BEAM WITH FLEXURE OPENING

LOAD IN kN

—— BEAM WITH 5HEAR OPENING

DEFLECTION IN mm

Fig. 7: Comparison graph for control beams

The load-deflection curve for beams with flexural opening approximately coincides to the solid beam curve, even though there
load carrying capacity is less than solid beam. Thus it is clear that beams provided with shear opening is much weaker than
beams with flexure opening. It was observed that the load carrying capacity reduced due to inclusion of opening. Comparing the
deflection it can be seen that mid-span deflection is less for the beam with opening when compared to the control beam due to
immediate formation of wide cracks around the opening in addition to flexural cracks that propagated at the beam mid span.
Fig.8. to Fig.13 shows deformation shape, crack pattern for these three control beams.

1) Deformation Shape

Fig. 8: Deformation shape of solid beam

Fig. 9: Deformation shape of beam with flexure opening

Fig. 10: Deformation shape of beam with shear opening

It is observed that solid beam undergoes less deformation than beams with openings beams. For beams with shear openings the
maximum deflection shifts from the mid span to a point which is in between centre of the beam and centre of opening.
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1) Crack Pattern

Fig. 11: Crack pattern for solid beam

Fig. 12: Crack pattern for beam with flexure opening Fig. 13: Crack pattern for beam with shear opening

For the entire models the first crack appeared at supports between tensile loads 10~20 kN. For solid beam it can be observed that
the flexural cracks initiated from the mid-span of the beam. Moreover, the failure mode of beams could be predicted from the
excessive concentration of flexural cracks at the bottom face of the beam, which indicated the possibility of concrete cover
separation. For beams with flexural opening the main crack appears at the mid span and the failure is caused by flexural cracks at
the ultimate load which is quite similar to the solid beam without opening. For beams with shear opening the main cracks occur
at the bottom and top chord; in addition, the crack path led to the failure in the opening extends with an angle of 45 degrees from
loading points toward supports. From the crack propagation it can be noticed that the failure mode is shear at the opening region.

41 Ductility

In order to evaluate the ductility of RC beams, the yield point of steel rebar was considered as a reference point to measure the
increase in the ductility. The ratio of beam deflection at failure load to beam deflection at yield point (dfailure / dyield) was used
to evaluate ductility. It can be noticed from Fig.14.that the beams with openings exhibited lower ductility at failure load than that
of the solid beam.

DUCTILITY

CTRL C-CTRL-F C-CTRL-S

Fig. 14: Specimen values for ductility

Table -5
Results
Specimen | Failure load (kN) | Deflection (mm)
CTRL 82.07 14.10
C-CTRL-F 70.5 6.08
C-CTRL-S 61.12 6.28

Thus it is observed that the flexure zone is the best place for considering an opening. Thus the main aim of the analytical studies
of this research was to improve the shear zone opening by strengthening using CFRP and BFRP wrapping.

8. Comparison to find the effect of CFRP and BFRP wrapping for circular shear openings

Analytical study is done on the shear behavior of RC beam with openings, strengthened using CFRP and BFRP sheets.
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1) Load Deflection Response
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Fig. 15: Comparison of CFRP wrapping for circular shear zone Fig. 16: Comparison of BFRP wrapping for circular shear zone

From results presented in Fig.15and Fig.16 it is clear that the percentage increase in load carrying capacity for the beams
strengthened with CFRP was about 20% to 26% and for BFRP sheets was about 9.6% to 24% when compared to non-
strengthened beam (control beam with rectangular flexure opening).

1) Deformation Shape

Fig. 17: Deformation shape of beam with inside wrapping

Fig. 18: Deformation shape of beam with outside wrapping Fig. 19: Deformation shape of beam with inside and wrapping
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1) Crack Pattern

Fig. 20: Crack pattern for beam with inside wrapping Fig. 21: Crack pattern for beam with outside wrapping

Fig. 22: Crack pattern for beam with inside and outside wrapping

41 Ductility

DUCTILITY

Fig. 23: Specimen values for ductility

From Fig.23 it can be noticed that strengthening the beams with openings by CFRP and BFRP sheets, improves the ductility of
the beams to a greater extent. The percentage increase in ductility for CFRP wrapping was about 29% to 57% and BFRP
wrapping about 10% to 75%. It is seen that beam strengthened around and inside by BFRP gives more ductility.

Table - 6
Results
Designation of Beam Type of strengthening Failure load (kN) | % Increase | Maximum Deflection (mm)
CTRL Control solid beam 82.07 - 14.10
C-CRTL-S Rectangular flexure opening 61.12 - 6.2
C-CFRP-S-I Strengthened inside by CFRP 73.7 20.5 7.6
C-CFRP-S-A Strengthened around by CFRP 74.88 225 9.09
C-CFRP-S-B Strengthened around and inside by CFRP 76.76 25.58 9.24
C-BFRP-S-I Strengthened inside by BFRP 67 9.6 6.4
C-BFRP-S-A Strengthened around by BFRP 70.26 14.9 8.2
C-BFRP-S-B Strengthened around and inside by BFRP 75.9 24.18 10.6

1VV. CONCLUSIONS

In this study the structural behavior of RC beams with openings were studied. The test results illustrated in the present study

showed that the external strengthening with CFRP and BFRP composites can be used to increase the load carrying capacity of

RC beams with opening, but their efficiency varies depending on the location of opening and strengthening techniques.The

following observations and conclusions were drawn from this study:

—  The presence of openings in the RC beams reduces the ultimate load and maximum deflection in the mid span.

—  The deflection was less for the beam with opening when compared to the control solid beam due to immediate formation of
wide cracks around the opening in addition to flexural cracks that propagated at the beam mid span.

— Provision of openings in flexure zone reduces the load carrying capacity of beam by about 13% for circular openings. But
presence of openings in shear zone reduces 25% for circular openings in beams. Thus flexure is found to be more effective
as compared to shear zone.
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—  Strengthening of the beam opening with CFRP sheets around the opening was found more efficient than strengthening of
the beam opening with CFRP sheets inside the opening. Even though the maximum load carrying capacity was achieved by
strengthening using CFRP sheet around and inside the opening, and thus it was best strengthening scheme among all.

— Crack formation around the openings was delayed as the strength increases and the stress concentration of the openings is
reduced due to use of CFRP and BFRP sheets.

— It was found that beams strengthened with BFRP sheets achieved higher ductility compared with the beams strengthened
with CFRP sheets.

— In comparison with BFRP sheets and CFRP sheets load carrying capacity is more in case of CFRP wrapping. But via
economical efficiency BFRP sheets are cheaper than CFRP and are more ductile when compared to CFRP.

— From over all study, these techniques help the practicing engineers to strengthen the openings provided in RC beams.
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