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Abstract

The aim of this study is to investigate the influence of fiber reinforcement
polymer (FRP) on shear behavior of reinforcement concrete (RC) beams with
various guidelines. The FRP thickness, beam depth and concrete strength at
ultimate load are considered as main strength parameters. A finite element
(FE) by using ANSYS computer program was used to analyze the reinforced
concrete beams. The numerical models were used to investigate the effect of
beam depth, concrete strength, CFRP sheet configuration, and CFRP sheet
thickness on the behavior of reinforced concrete beams strengthened with
CFRP sheets compared with different guidelines. The results from ACI guide-
line show little difference compared with FE, which make it suitable for RC
beams strengthened with FRP sheets.
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1. Introduction

In the last decade, the use of Fiber-Reinforced Polymer (FRP) composites in
strengthening and repairing of structures has continuously increased because it
has several advantages over other materials. Beside low weight and an economi-
cal way, epoxy resin and FRP composites provide high resistance to corrosion
and mechanical strengths of structures repair or rehabilitation ([1] [2] [3]).

Over the last two decades, many researches were carried out on the streng-
thening of RC beams using FRP composites using different methods such as ex-
ternally strengthening, near-surface mounted (NSM) strengthening, and em-

bedded section (internal strengthening) ([4] [5] [6] [7] [8]). Furthermore, some
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studies [9] [10] [11] [12] investigate the flexural behavior of pre-damaged rein-
forced concrete (RC) beams repaired by using grids and engineered cementi-
tious composite (ECC) and carbon fiber reinforced polymer (CFRP) under sus-
tained load. Their results showed that most of the beams failed by debonding.
Furthermore, the proposed repairing technique was effective in enhancing the
flexural stiffness and bearing capacity of pre-damaged RC beams. Moreover,
they proposed a mathematical model to calculate the flexural capacities of the
repaired beams and the results were in accordance with excremental results. Six
RC beams strengthened with CFRP sheets under static and fatigue loading were
studied by Min, et al [13] to show the failure mechanism. The results showed
that acceleration the fatigue failure of the specimens is due to coupling of
stresses between accumulated fatigue damage in the steel reinforcement and fa-
tigue debonding of the CFRP plate. Jia, J., et al [14] used the novel models of
Extreme Learning Machine (ELM) in co-operation with Particle Swarm Opti-
mization (PSO), Teaching-Learning based Optimization (TLBO), and gray wolf
optimizer (GWO) to investigate the debonding strength of FRP. The results pre-
dicted from ELM-GWO showed the best performance compared with ELM-PSO
and ELM-TLBO.

2. Material Properties and Codes of Practice Used in This
Study

Based on this study, a prediction model was proposed by considering all common
parameters that influence the ultimate shear capacity of a strengthened beam in-
cluding concrete strength ( f.'), effective height of the beam (d), FRP thickness
(t), and strengthening configuration (completely wrapped, U-jacketing, and side
bonding). The obtained results were compared with that recommended design
guide given by different guidelines ([13] [14] [15] [16] [17]). Beam geometry and

materials properties were illustrated in Figure 1 and Table 1, respectively.

I a U {} Stirrups @6mm@ 200mm
2D 12mm v ;
300mm
I Ast = 3D 16mm |
I le L =1500mm | 120mm
N | \
Figure 1. Geometrical details of proposed RC beams.
Table 1. The properties of materials used in this study.
f, fy Wi F E S d, € fr b

460 250 100 35 223,500 50 300 0.018 3000 120

DOI: 10.4236/wjet.2023.112020

282 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2023.112020

B. H. Osman

3. FE Model Description

Numerical Modeling

A finite element analysis (FEA) by using ANSYS [18] computer program was
used to analysis the reinforced concrete beams. SOLID65 element, was used to
model the concrete as this element is capable of modeling cracking in tension
and crushing in compression. An eight nodes three degrees of freedom at each
node: translations of the nodes in X, y, and z-directions used to define the ele-
ment.

Steel reinforcement was modeled using link 8 element and which consists of
two nodes with three degrees of freedom in each node. The FE model for the re-
bar was assumed to be a bilinear isotropic, elastic-perfectly plastic material, and
identical in tension and compression. Solid element with an eight-node, solid 45,
was used to simulate the plates in the supports and the loading points. This ele-
ment has defined with eight nodes of three degrees of freedom at each node
translation in the nodal y=, x-, and zdirections.

FRP sheet was modeled using Shell41 element. This element allows for differ-
ent material layers with different orientations and orthotropic material proper-
ties in each layer. Since the FRP materials considered as orthotropic materials,
they showed different properties in each direction. The relationship between
v,. and vy, s illustrated in Equations (1) and (2) ([15] [18] [19]):

Xy
E E E E »
2 y 2 z 2 7 2 |
1-vy, (E_XJ =V, [E—J —V, [E—Xj =2V, V,,V,, (E—J = Positive (1)

G =G E.E, G E, orE, q E, @)
= = =————andv, =—V
Y®  E+E +2v E 2(1+ vyz) g Y

In this study, Poisson’s ratios of: 0.22, 0.22 and 0.30 are used for v, , Vv

o Vi
and v, , respectively, which are widely used in the related published lityerature
based on this subject. Contact elements TARGE170 and CONTA174 are used to
model the contact between concrete and FRP. To study the contact between two
elements, the surface of one element is considered as a contact surface (e.g. FRP)
and the other body surface considered as a target surface (e.g. concrete). The
contact and target pair concepts has been widely used in finite element models.
As used in this study, the FRP was considered as the contact surface which is as-
sociated with the deformable body; the concrete was considered as the target

surface which must be the rigid surface [20].

4. Comparison of Different Method with Design Guidelines

Following the previous discussion on the behavior of FRP shear-strengthened
beams, it is of interest to see how the measured shear capacity compares with the
predictions from available design guidelines. Three design guidelines are consi-
dered in this study which compared with American Concrete Institute (ACI)
(2008) such as Traintafillou and Anton 2000, carolin and taljsten 2005 and Zhi-
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chao and cheng 2005. The equations used in this part of this study related with

below guides:

4.1. ACI Equation

Simplified method: the above equation is not so simple to use as a design equa-

tion, the ACI code permits use of below equation:
1=
V. =gﬁ b,d 3)

For beams with shear reinforcement, the ACI consider nominal shear strength,
V, asflow:
V, =V, +V, (4)

Which V, = shear strength of concrete; V,

, = shear strength of shear rein-

forcement. Shear strength for inclined stirrup at an angle a with horizontal sug-

gested as:
f,, (sina+cosa)d
VS _ AI ‘,/V( ) (5)
S
Which A,, f,, arearea of shear reinforcement in distance s and is the yield

strength of shear reinforcement respectively.

When a=90" (vertical stirups are used) the above equation reduces to

A

S

,but @V, >V, (6)

The nominal shear strength of an FRP-strengthened concrete member can be
determined by adding the contribution of the FRP external shear reinforcement
to the contributions from the reinforcing steel (stirrups, ties, or spirals) and the
concrete. An additional reduction factor y, is applied to the contribution of
the FRP system.

(pvn = (P(VC +Vs 'H//fvf ) (7)

The reduction factor y; of 0.85 is recommended for the three-sided FRP
U-wrap or two-opposite-sides strengthening schemes. Insufficient experimental
data exist to perform a reliability analysis for fully-wrapped sections; however,
there should be less variability with this strengthening scheme as it is less bond
independent, and therefore, the reduction factor y; of 0.95 is recommended.
Figure 2 illustrates the dimensional variables used in shear-strengthening calcu-
lations for FRP laminates. The contribution of the FRP system to shear strength
of a member is based on the fiber orientation and an assumed crack pattern. The
shear strength provided by the FRP reinforcement can be determined by calcu-
lating the force resulting from the tensile stress in the FRP across the assumed

crack. The shear contribution of the FRP shear reinforcement is then given by:

Vi = A f (sina +cosa)dy, /s (8)

where: A, =2nt,w;

DOI: 10.4236/wjet.2023.112020

284 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2023.112020

B. H. Osman

N &
"y
(a)

Figure 2. Illustration of the dimensional variables used in shear-strengthening
calculations for repair, retrofit, or strengthening using FRP laminates.

For reinforced concrete column and beam members completely wrapped by
FRP
&, =0.004<0.75¢,,

FRP systems that do not enclose the entire section (two- and three-sided
wraps) have been observed to delaminate from the concrete before the loss of
aggregate interlock of the section. For this reason, bond stresses have been ana-
lyzed to determine the usefulness of these systems and the effective strain level
that can be achieved. The effective strain is calculated using a bond-reduction
coefficient x, applicable to shear:

& = K,Eq <0.004, The bond-reduction coefficient can be computed from:
K, = klkzLe/11900£fu <0.75

The active bond length Le is the length over which the majority of the bond
stress is maintained. This length is given by:
23300

(nfthf )0.53

The bond-reduction coefficient also relies on two modification factors, & and

k,, that account for the concrete strength and the type of wrapping scheme used,

respectively. Expressions for these modification factors are given in:

d _
, wob for U warps
£\ dy,
kl:[z_?j KT, o
—*__°  for two sides bonded
w

4.2. Traintafillou and Anton 2000 Equation for FRP Contribution

2w, *t;

Pi = bxs,

£, =0.17(12°[E p, )0'3 &,, for full warp
Vi :(watf Eierd; )/Sf

DOI: 10.4236/wjet.2023.112020

285 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2023.112020

B. H. Osman

ro=(m )13

£, =0.72¢,6 """ for three or two sides or 9)
f 23 0.56
4 = 0.00065{ c ]
E
t Pt

4.3. Carolin and Taljsten 2005 Equation

V; :(ngcrEftferCOSO)/sina, &, =NEy, N =0.6,T1, =b; /sf € =& (10)

4.4. Zhichao and Cheng 2005 Equation
V, :(2Wftf E;epd; )/Sf , € =Rey,
p; =(w,t,)/bs,
R=14871(pE, /f,) " or (11)
R=05622(p,E, )2 ~1.2188(p, E; )+0.778  which is small

R =(0.0042(,)"* w, )/(Eftf )" e,

4.5. Zhichao and Cheng 2005
V, :(2wf #t, +E, >x<,sfe*df)/sf LV, =(f,)" *bxd/6
R =(0.0042(,)" xw, )/(Ef wt, ) e, xd, (12)

g = Rxeg, Py :(wa *tf)/b*sf

5. Results and Discussion

The main goal for this work is to study the influence of fiber reinforcement po-
lymer (FRP) on shear behavior of RC beams with various guidelines. The pur-
pose was also to study the strength parameters such as, FRP thickness, beam

depth and concrete strength at ultimate load.

5.1. FRP Thickness

Table 2 shows the effect of FRP thickness on the shear strength, which plotted in
Figure 3.

Table 2 and Figure 3 show that the FRP thickness has a grater effects on con-
crete strength, the results predicted from Carolin equation showed under esti-
mation compared with those from FE program. Furthermore, the ACI guideline
showed acceptable differences compared with the other guidelines when com-
pared with FE.

5.2. Effect of Concrete Strength

Table 3 shows the effect of FRP thickness on the shear strength, which plotted in
Figure 4.
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5.3. Effect of Beam Depth

Table 4 shows the effect of FRP thickness on the shear strength, which plotted in

Figure 5.
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Figure 3. Effect of FRP thickness on beams strength using d
figurations (a) Full warp (b) U-warp (c) 2 sides warp.
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Table 2. Effect of FRP thickness on the strength.

Full U Side
t 0.08 0.1 0.2 0.08 0.1 0.2 0.08 0.1 0.2
Numerical 179.22 201.34 270 115 119.6 131.54 100 108.13 122.15
ACI 150.94 174.59 239.99 86.52 90.43 104.99 79.4 83.589 98.8666
Traintaf. 76.35197 87.15745 141.1848 66.83981 75.26725 117.4044
Carolin 43.85954 46.54191 59.95377
Zhichao 114.8425 122.8709 153.1969
Table 3. Effect of concrete strength on shear strength.
Full U Side
Strength 40 30 20 40 30 20 40 30 20
Numerical 165.2 160.3 154.6 108.5 89.4 77.32 93.67 85.08 69.5
ACI 154.83 146.764 137.195 93.2211 79.393 63.371 85.467 72.993 58.485
Traintaf. 78.63943 73.89438 68.26588 69.12727 64.38222 58.75372
Carolin 46.147 41.40195 35.77345
Zhichao 124.7377 104.4046 81.31203
Table 4. Effect of beam depth on shear strength.
Full U Side
Depth 250 280 320 250 280 320 250 280 320
Numerical 150.1 163.5 185.4 82 98.5 108.34 76.25 91 107.3
ACI 134.77 150.94 172.51 76.49 86.52 99.894 69.397 79.43 92.8
Traintaf. 68.1714 76.35197 87.25939 59.6784 66.83981 76.38835
Carolin 40.30989 43.85954 48.5924
Zhichao 121.0983 114.8425 109.3613
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Figure 4. Effect of concrete strength on beams strength using different configura-
tions (a) Full warp (b) U-warp (c) 2 sides warp.
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Figure 5. Effect of beam depth on beams strength using different configura-
tions (a) Full warp (b) U-warp (c) 2 sides warp.

6. Conclusions

Based on the results of analysis using ANSYS software and different design
guidelines on reinforced concrete RC beams strengthened with fiber reinforce-
ment polymer (FRP) and reported in literature the following conclusions are:

1) The use of FRP strengthening has greater effect in the stiffness of the con-
crete.

2) The finite element models were able to accurately predict the load capaci-
ties for the simulated RC beams. This confirms the validity of the developed FE
models and reliability of the FE simulation.

3) For the FRP shear contribution, the ACI equation is believed to be the most
appropriate for practical design. However, for the fully wrapped scheme, the
ACI method appears to predict the FRP shear contribution with a relatively high
discrepancy.

4) The ACI model predicted the ultimate capacity of RC beams based on the
beam geometry and concrete compressive strength without considering the ef-
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fect of the longitudinal reinforcement.

5) The theoretical prediction of ultimate shear strength on the basis of me-
thods used in this study gives results over estimate compared with the other de-
sign guidelines values in most of the beams.

6) Use ACI assumptions because it gives results with more reliable safety fac-
tors than other theorems according to results on the previous literature of RC

beams in case of using analytical theorems in RC beams analysis.
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