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Abstract

Finite Element Modeling FEM using ANSYS v.15
program was performed to explore the efficiency of
strengthening using carbon Fiber Reinforced Polymer
CFRP and basalt Fiber Reinforced Polymer BFRP
sheets for RC T-beams having shear zone large
rectangular opening. Four strengthening schemes
were discussed. It was concluded that introducing
CFRP or BFRP sheets resulted in great increase in
load carrying capacity and stiffness of the
strengthened beams. Crack patterns and failure loads
for the tested models were compared with
experimental study carried out by the authors and
FEM results were in good agreement with
experimental results.
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1. Introduction

Transverse openings through RC are used sometimes
to pass water and sewage pipes, air conditioning
ducts and electricity wires in our buildings as shown
in fig. 1. However creating an opening in the beam
results in stress concentration around opening and
degrades its load carrying capacity if not reinforced
[1-6, 30]. Choosing the location of web opening in
mid span of the beam where the shear stresses are
very low can solve this problem and reduce the effect
on the total behavior of the beam [7], but sometimes
we need to open in the shear zone near the columns.

The application of Fiber Reinforced Polymers FRP as
external reinforcement to strengthen RC beams has
been widely used [15-18]. The well-known types of
FRP in the concrete strengthening is carbon, aramid
or glass fibers [16]. Basalt fibers have strength higher
than GFRP and lower than CFRP with very good
durability and fire resistance [35], however, they
have not the same popularity and not included in
most design codes. Strengthening of RC shallow
Rectangular beams containing web openings in shear
zone using External Bonded Reinforcement EBR
FRP or Steel plates was discussed by many
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researchers [3, 19-23, 25-27, and 31]. Strengthening
proved to be effective in increasing beam capacity
and limiting cracking at the opening corners.
Strengthening of deep beams with transverse square
opening using FRP composites also was studied
[24,32] and % increase in shear capacity was in the
range of 35-73%. An experimental investigation on
the performance of RC T-beams with and without
small circular opening strengthened in shear using
mechanically anchored bi-directional U-wrap GFRP
fabrics was also studied [28, 33] .The use of
anchorage system eliminated the debonding of the
GFRP sheet, and consequently results in a better
utilization of the full capacity.

Fig. 1 Photograph for the garage of cultural center in
Port Said City, Egypt

Behavior of RC rectangular beams with large
opening under pure torsion moment and strengthened
using CFRP sheets was also discussed [29]. It is
observed from literature that large number of
researchers studied the strengthening of rectangular
beams with openings but very few studies are found
on strengthening of shallow T-beams.

The main Objectives of this study are to investigate
using FEM the effectiveness of strengthening using
CFRP and BFRP sheets for T-beams containing large
rectangular web openings in shear zone with different
schemes, and compare the results with experimental
results carried out by the authors in a companion

paper.



IJSEAS

International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-3, Issue-11, November 2017

2. Finite element analysis

In this study, a three dimensional nonlinear finite element
analysis was carried out using the finite element package,
ANSYS v.15.

2.1 Analysis models

The FE analysis includes seven reinforced concrete
shallow T-beams. They were divided into two main
groups. The first group consists of two beams, of
which, one solid control beam and one beam with
non-strengthened rectangular opening at shear zone.
The second group includes five T-beams with web
openings at critical shear zone, of which, four were
strengthened by CFRP sheets with different schemes
and one was strengthened using BFRP sheets with
the maximum efficient scheme from the previous
four beams. These beam models were tested by the
authors ~ (companion  paper)  experimentally.
Dimensions and reinforcement details of tested
beams are shown in fig. 2 and fig. 3. Average
compressive strength of concrete cubes at 28 days fe
is 44 MPa. Average yield stress of steel bars is 550
MPa for 10mm and 12mm bars and 340 MPa for
6mm bars. The commercial name for carbon fiber is
sikawrap-230 from SIKA EGYPT for construction
chemicals[37]. The ultimate stress, ultimate strain,
and modulus of elasticity for a cured laminate of
CFRP sheet were 360 MPa, and 1.1%, 33.5 GPa,
respectively from experiment. The commercial hame
for the basalt fiber is BJ30 from Anjie Company,
CHINA. The ultimate stress, ultimate strain, and
modulus of elasticity of a cured laminate of this
BFRP sheet were 171 MPa, 1.9%, and 9.0 GPa,
respectively from experiment.
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Fig. 2 Reinforcement of solid beam (dimensions are
in mm)
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Fig. 3 Reinforcement of Beam with web opening at
shear zone (dimensions are in mm)
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Table 1: Test specimens

Specimen )
) ) Strengthening scheme
designation
B1(Solid beam) NO
B-O-NS NO
B-O-S-CFRP-1 Schemel
B-O-S-CFRP-2 Scheme2
CFRP sheets
B-O-S-CFRP-3 Scheme3
B-O-S-CFRP-4 Scheme4
B-O-S-BFRP BFRP sheets Scheme4

2.2 strengthening schemes

Different Strengthening schemes are illustrated in
figures (4 to 7). B-O-S-CFRP-1 is strengthened by
wrapping of the bottom cord only using one layer of
CFRP sheet. B-O-S-CFRP-2 is strengthened by
applying two horizontal side CFRP strips at bottom
cord and confining of the bottom cord using one
layer of CFRP, In addition 50 mm U-strips are
applied to right and left of the opening for the beam
stem only (not complete wrap).

B-O-S-CFRP-3 is similar to B-O-S-CFRP-2 but
additional longitudinal CFRP strip with 100 mm
width was applied to the slab top surface above the
opening.

B-O-S-CFRP-4 is typically as B-O-S-CFRP-3 but
additional horizontal strip with 100 mm width was
applied to the beam soffit under the opening and
extended 100 mm right and left. Also the side
vertical strips were completely wrapped around the
web through pre-cut slots through the slab.
B-O-S-BFRP was strengthened as B-O-S-CFRP-4
but with BFRP instead of CFRP.
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Fig. 7 strengthening scheme (4)
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2.3 Element types

There are a lot of elements in ANSYS package to
simulate different structure parts[34]. SOLID65
element was used to model Concrete and epoxy. A
LINK180 element was used to model the stirrups. A
Beam188 element was used instead of link180 to
model the Longitudinal steel bars to account for
dowel action in shear resistance. The spreader beam
was also modeled using Beam188. The SOLID185
element is used for the modeling of loading and
supporting plates.

J
Frism Option

J

Tetrahedral Option
{not recommendad)

Fig. 8 SOLID65 3D-reinforced concrete solid
element, ANSYS 2013, [34]

The CFRP and BFRP sheets were modeled using
layered SHELL181 element with elastic orthotropic
material properties. It is a four-node element with six
degrees of freedom at each node and suitable for
analyzing thin to moderately-thick shell structures
[34].

KL

J
Trianguiar Opiion
{not recommended)

Fig. 9 Shell181 element geometry, ANSYS 2013,
[34]
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2.4 Material properties

2.4.1 Concrete

Simplified Compressive Uniaxial stress-strain curve
was adopted and stress versus strain values are listed
in table 2. Cracking and crushing capability were
turned on. The default tension stiffening model after
cracking was considered in the program. Also a
crushed stiffness factor for the concrete after
crushing was set to 0.05 to help convergence. The
material input data for concrete material in ANSYS
are summarized in table 3.

Table 2: Stress-strain values for concrete material

Stress (MPa) Strain
0 0

10.56 0.00037
24.3 0.001
31.0 0.0015
33.5 0.002
34.5 0.0025
35.2 0.0035

Table 3: Concrete Material input data in ANSYS

Property value

Ec ( young’s modulus) 29186 MPa
fe ( Crushing stress)= 0.8 f., 35.2 MPa
f: ( cracking stress) = 0.1 f¢, 4.4 MPa
vxy (Poisson's ratio) 0.2

pt Shear transfer coefficients for open | 0.25

crack

pc  Shear transfer coefficients for | 0.9

closed crack
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Young’s modulus is calculated according to Egyptian
code [36] using equation 1.

Ec=4400vfcu MPa 1)

2.4.2 Steel

The reinforcement is assumed to be a bilinear

isotropic elastic-perfectly plastic with poison’s ratio
of 0.3.

2.4.3 FRP system

The epoxy used to bond the CFRP sheets to the
concrete surface has been modeled as the concrete
but with a cracking stress of 22 MPa, modulus of
elasticity of 2 GPa, and Crushing capability was set
to off. An assumed layer of epoxy having a thickness
of 1mm was used. The cured CFRP strip is assumed
to be an elastic orthotropic material. The elastic
orthotropic material properties used are [Ex =
33.5GPa, Ey,z= 5GPa, vxy,yz = 0.25, vyz = 0.3,
Gxy,xz= 2.5GPa, and Gyz = 2GPa]. The elastic
orthotropic material properties for BFRP sheets are
[Ex =9.0 GPa, Ey,z= 3 GPa, vxy,yz=0.25, vyz= 0.3,
Gxy,xz= 2.5GPa, and Gyz = 2GPa].

2.5 Finite element mesh

Finite element mesh was produced for different
element types with max edge size of 20 mm as shown
in fig.10. Only one half of the beam was simulated to
reduce the time of processing so symmetry boundary
conditions were taken as shown in fig. 11. Loading
of the beam was by applying vertical displacement at
the top mid span of a steel spreader beam. Loading
steps were divided into very small sub-steps to get
converged solutions.
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ANSYS
R15.0

NOV 13 2017
11:18:49

ELEMENTS
MAT NUM

Steel Loading plates
{ solid 185)

Top Longtudinal Steel
( Beam 188)

Layered
Shell181 ( FRA
sheets) and
Epoxy.

Concrete
{Solid65)

Stirrups (Link180)
Bottom Longtudinal Steel
(Beam 188)

Fig. 10 FE mesh (B-O-S-CFRP-4)

ANSYS
R15.0

HOV 13 2017
11:07:26

ELEMENTS

Fig. 11 Symmetry boundary conditions

Fig. 12 FE mesh for (B-O-S-CFRP-1)
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Fig. 13 FE model for (B-O-S-CFRP-2)

2.6 Finite element results and discussions

Behavior of the tested models such as crack patterns
and mode of failure, load versus deflection curves,
von-mises concrete strains were obtained. Crack
patterns from experiments, FEM crack patterns , and
von-mises strain for concrete elements at ultimate
loads are illustrated in figures (19 to 39).The finite
element results were compared with the
experimental. It is observed from the comparison
that they agree with each other in failure mode and
crack patterns. Ultimate loads are also close to those
were obtained from experiments as listed in table 4
and illustrated in fig.14. Load versus mid span
deflection responses are shown in figures (15 to 18 )
for the different beams. It is clearly observable from
these relationships that the behavior of all finite
element models are stiffer than the experiments
especially after cracking and at higher loads. This
may be because the assumption of full bond for
reinforcement with concrete. Also Tension stiffening
and residual stresses after cracking or crushing of
some concrete elements may be reasons for lower
deflections and higher stiffnesses at higher loads.
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The beam that has un-strengthened opening failed in
brittle manner with very low absorbed energy
compared with the solid beam . It is noted that all
strengthed beams gain higher loads and ductility
than un-strengthend but all of them failed by shear in
the opening location except the properly confined
beam B-O-S-CFRP-4 that behaves as a solid beam
with high ductility and stiffness.
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Fig. 14 Comparison between models according to
ultimate loads ( Exp. And FEM).
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18 Load- Mid span deflection response for B-O-
BFRP

Table 4: Ultimate loads and failure modes

Py Py Fail
Beam (KN) | (KN) I\";‘I' ‘Jre
model | ANSYS | Exp. ode
B1 (solid 1035 105.5 Flexure-
beam) shear
B-O-NS 56 60 Shear acr'oss
the opening
B-O-S- Shear across
CFRP-1 67 765 the opening
B-O-S- Shear across
CFRP-2 86 93 the opening
B-O-S- Shear across
CFRP-3 % 7 the opening
Flexure-
B-O-S-
CERP-4 107 106 Shear at
solid part.
B-O-S- 92.7 93.9
BERP Shear across
the opening
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Fig. 24 Von-mises strains for B-O-NS
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Fig. 23 Crack patterns for B-O-NS (ANSYS)
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Fig. 37 Crack patterns for B-O-S-BFRP
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Fig. 39 Von-mises strains for B-O-S-BFRP

3. Conclusions

The behavior of shallow RC T-beams containing
shear zone large opening and strengthened with
CFRP and BFRP sheets were studied using FEM.
Also two not strengthened control specimens were
analyzed (one Solid beam and another one with
opening). In the end, Finite element results were
compared with experimental results.

Conclusion results are as follows:

1- Introducing a large opening that is not well
reinforced in Shallow beams largely weakens the
beam.

2- It is not efficient to wrap only the bottom cord of
the opening with FRP sheets as the shear cracks start
from the opening corners.

3- Application of CFRP and BFRP sheets with
complete wrapping scheme for the opening location
results in increase in stiffness, ductility, and load
carrying capacity for the strengthened beams.

4- The RC shallow T-beams with openings can
behave as solid beams if they are properly
strengthened.
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5- Finite element modeling can predict reasonably
the ultimate load and mode of failure for the
analyzed beams and can be used instead of the very
costly experimental work.

6- Modeling of longitudinal steel bars in ANSYS
using beam elements is better than modeling them
with link elements so that it can consider the dowel
action in shear resistance.

7- CFRP is more efficient than BFRP due to high
modulus of elasticity and tensile strength; max %
increase in ultimate load over control opened beam
was 76.5% and 56.5% for CFRP and BFRP
strengthened beams respectively.
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