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Different approaches were adapted to strength the structural elements to increase the load capacity and
reduce the deformation such as deflection. The easiest and light external strengthening of reinforced
concrete members are Fiber Reinforced Polymer (FRP) family such as Armed, Carbon, Glass and
Basalt, respectively. This paper presents the theoretical approach to check out the experimental tests of
reinforced concrete beams strengthened by glass fiber reinforced polymer (GFRP) using finite elements
method by ANSYS software in which all models are simulate the tested beams. All models have the
same geometry and mechanical properties but differ in GFRP layers and width. The main objectives of
present work are evaluating the strength capacity, cracks propagations, deflection and tensile
enhancement of reinforced concrete beams warped by GFRP strips subject to four points static load.
Analysisof results indicate that the presences of GFRP sheets enhance the capacity and ductility of

ANSYS reinforced concrete beams in additional to delay the post crack concrete. The delay in the formation of

Finite Elements

first crack, increase in the number of cracks and ultimate loads of the models compared with the control

model. There are improvements in flexural strength based on the modulus of rupture. Also, the cracks
propogation become less in case of presence of GFRP and there is improvements in tensile resistance
due to flexural. Analysis results inicated that the presence of GFRP at the bottom face of reinforced
concrete beam in case of two layers gave increase in ultimate load 104.3% as compared with the
control model. The reduction of the deflection for same models is 10.84%. Factor of the modulus of
rupture range between (0.76-1.36) that is more than with ACI code suggested as 0.6. All model results
were close to the experimental tests.

doi: 10.5829/ije.2021.34.05b.03

NOMENCLATURE

Symbol

Ar GFRP area (mm?)

c Distance from extreme compression fiber to the neutral axis (mm)
distance from extreme compression fiber to centroid of tension
reinforcement (mm)

fr,  design ultimate tensile strength of GFRP (MPa)

fs stress in steel reinforcement (MPa)

h overall thickness or height of a member (mm)

M,  nominal flexural strength (N-mm)
M,  factored moment at a section (N-mm)

ratio of depth of equivalent rectangular stress block to depth
Br of the neutral axis
[0) strength reduction factor

GFRP strength reduction factor = 0.85 for flexure (calibrated
A based on design material properties)
M, nominal flexural strength (N-mm)

1.INTRODUCTION

Concrete as a material is very weak to resist tensile
stress that developed in tension concrete zone due to

*Corresponding Author Email: mohammadmakki2003@gmail.com
(M. M. Abbass)

applied loads. When the internal stress in the structural
members increased the cracks will increase [1]. The
mechanical properties of GFRP high strength to weight
ratio, lightweight and giving better solution for
strengthening. Hence, adopt in structural members.
Strengthening reinforced concrete beam by GFRP with
orientation of fiber reinforcements along the beam
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increasing flexural resistance of beam, stiffness, reduce
in deflection and enhance the tensile strength so that the
cracks reduced [1]. Wraped of a simple reinforced
concrete beams by FRP layered showed the beams were
carried excessive uniform loads in flexure when the
layers in the bottom face [2]. The models of simply
supported concrete beams that simulated by finite
elements approach gave the same behavior and failure
modes the same as the reinforced concrete beams
strengthened by FRP laminates but differed in capacity,
deflection and stress. Applied FRP strips for concrete
members increased in the strength to improve the
reinforced concrete beams [3, 4]. Presence of GFRP in
bottom of reinforced concrete beam showed high post
crack and enhanced the strength capacity of reinforced
concrete beams [5]. The relative displacements that
developed in concrete surface and GFRP was
proportional [6]. GFRP recover damage of reinforced
concrete members with excellent durability against
environment [7]. Presences of FRP lead to increase the
shear strength capacity of the reinforced concrete
continuous beam over than 25% as compared with the
control beam [8]. Modulus of elasticity and yield
strength of FRP are affected on the strength capacity of
concrete beam and the global average reliability
between the unstrengthening and strengthening beams
with strips and full wrapped were differ in strength
capacity [9]. The rehabilitated and strengthened
coupling beams with FRP sheets can achieve
appropriate strengths even larger than those of original
beams [10]. In case of adopted flexible torsion bar in the
design of trailing edge flap system showed a beneficial
decreased in torsional stiffness, while increased the
bending stiffness of the whole system. In addition, the
worm gear drive gave a high torque to overcome
aerodynamic force on the flap area and the torsional
rigidity of support bar, but also plays as a brake to avoid
instability due to the high torsional flexibility of the
support bar [11]. The GFRP reinforcement having lower
modulus of elasticity, gave in higher deflection than the
steel reinforced specimens which have higher modulus
of elasticity and the ultimate moment carrying capacity
of the GFRP reinforced beam. That beam gave higher
than the conventional steel reinforced beam [12].
Automated the printed process lead to make the use of
the beam more efficient. This makes the method also
attractive for expert users, who want to maximize the
quality of their work [13]. The use of FRP composite
jackets gave much better performance in terms of
ductility as compared with the reinforced concrete
refrence [14].

2. AIM AND SIGNIFICANT RESEARCH

The aims of present study to evaluate the strength
capacity, cracks propagations, deflections and tensile

stress enhancement performance of reinforced concrete
beams warped by GFRP located at tension zone and
assumed full interactions as surface bound with bottom
face of the beams that subjected to four-point static
loading using finite elements approach by ANSYS
software. The parameters that taking into accounts are
GFRP layers and widths. The actual loadings from
experimental tests were applied in finite elements
ANSYS software to predicate the full performance of
reinforced concrete beams strengthened by GFRP and
checking with experimental tests.

3. THEORETICAL ANALYSIS

Bonding of GFRP in the tension face of the simply
supported reinforced concrete beam to increase the
flexural resistance of the reinforced concrete beams,
reducing deflection and improve the tensile resistance of
concrete against internal tension stress in which the
GFRP oriented along the beam span. Therefore, that
works as main reinforcement and enhancing the amount
of reinforcements in tension zone. Based on ACI — 440
— 2R — 2008 [15], the strength designs of the reinforced
concrete beam satisfy Equation (1):

PM, =M, @

The ultimate moment capacity of the reinforced
concrete (RC) beam according to ACI — 318 — 2019 [15]
was calculated without presences of GFRP (control
model). The mode of failure of reinforced concrete
beam flexural in case of strengthening with GFRP relay
on the crushing of concrete compression zone (when the
concrete strain reaching 0.003), plane before the
reinforcements yield, or the reinforcements yield and
then followed by GFRP sheets tension zone, other case
reinforcements in tension zone yield then the concrete in
compression level crushing and de-bonding of the
GFRP sheets.

The nominal strength as flexural for RC beam
strengthening with GFRP calculated by Equation (2)
[16]. The ultimate moment with and without presences
of GFRP were calculated based on the mechanical
properties [1].
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4. MODELS GEOMETRY AND SPECIFICATIONS

Seven models are simulated with the same dimensions
and geometry include control model without GFRP
while other models differ in GFRP layers and width that
matching the real experimental works [1]. The model
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dimensions that simulates by ANSYS (150x150x700
mm) in which the span beams are 620 mm with total
reinforcements are located at the bottom (2¢8) and
(2¢4) at top, the stirrups $6@90 mm c/c as shown in
Figure 1. The total length of GFRP layer is 580 mm
along the beam span [1], Tables 1 and 2 lists the models
details and material mechanical properties. The model
mark is COMPW-N in which COMP is composite
model, W is the GFRP width, N is number of layer.
Stress—strain  behavior reinforcement assumed that
elastic—full plastic is shown in Figure 2. Figure 3 stress—
strain curve for concrete and Figure 4 is devoted to
GFRP. The GFRP thickness is 0.43 mm.

P P
e
e e e e E\SO
== > “LGFRP

580
D 700 g

Figure 1. Model dimensions (all in mm)

TABLE 1. Beams model specification

RC
CO coO CoO CcO CO cCo
Model Vo mp mp MP MP  wmp WO

mark 551 252 501 502 100-1 100-2 GFR
GFRP
width 25 25 50 50 100 100 NA
(mm)
Number 2 1 2 1 2 NA
of layer
TABLE 2. Material mechanical properties
Concrete Reinforcements GFRP
f. (MPa) E f, (MPa) Es f, (MPa) s
a a a
¢ (MPa) (MPa) Y (MPa)
40 36450 420 200000 875 75900
490
420
& 350
= 280
7 210
£ 140
Y 70
0
0 0.002 0.004 0.006
Strain

Figure 2. Stress—strain for reinforcement
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Figure 3. Stress—strain for concrete
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Figure 4. Stress — strain for GFRP

5. NUMERICAL APPROACH

Average load capacities were taken from the previous
test [1] that adopted and applied to the models that is
simulated by ANSYS [17]. The loads were applied
under four points and the models were run as static
analysis. The model is divided into a numbers of small
elements, 70 elements longitudinal direction (each
element is 10 mm), 12 elements in width and depth
directions that mean each element is 12.5 mm. All lines
within the beam model are divided to produce meshes,
lines meshes adopted after many trails to select the
mesh size to get near close solutions. The connections
between rebar nodes is similar to the concrete solid
nodes, so that the concrete and steel reinforcement
nodes are merged (full interaction, no slip and friction).
The same approach was adopted for GFRP composites.
The tolerance value of 0.05 is used as displacement
control during the nonlinear solution for convergence.

6. FINITE ELEMENTS MODELING

Numerical analysis using finite elements approach by
ANSYS software is adopted to simulate all reinforced
concrete beams strengthened by GFRP including the
control model. Different elements were selected to
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represent the actual behavior of concrete, plate supports,
plate under loads, reinforcements as main and stirrups
and GFRP layer. SOLID65 element used for concrete
material in which three degrees of freedom at each
nodes plus translations. LINK180 element is adopted to
simulate all steel reinforcement. SOLID185 is chosen to
represent the steel plates that locates under the applied
loads and supports. SHELL181 element is used to
simulate GFRP layer due to this element having
membrane (in-plane) stiffness [17]. Smeared crack is
the best representation of reinforced concrete members
such as adapt beam. The open and close coefficients for
concrete cracks were 0.2 and 0.7 respectively. The
materials nonlinearity for steel rebar’s and concrete are
behaved as elastic — full plastic reinforcements, concrete
linear up to 0.3fc’, elastic up to 0.85 fc’, maximum
value of concrete strain is 0.003. The main assumptions
of numerical analysis for the plane section remain plane
before and after applied loads, the concrete is
homogeneous, full bounds between concrete and
reinforcements, full interactions between the concrete
and GFRP layers and the material nonlinearity of GFRP
is linear up to failure and the self-weight of beam not
considered in analysis that match the experimental tests.
Figure 5 shows the beam model meshes. Figure 6 shows
the main and stirrupd reinforcements, Figure 7 shows
the wireframe model. In addition, Figures 8, 9 and 10
shows the GFRP elements of model COMP25,
COMP50 and COMP100, respectively.

7.LOADING AND SUPPORTS CONDITIONS

The average of three applied load for each specimen that
tested for each beam are lists in Table 3. All applied
loads adopted from tested beams [1].

Figure 5. Beam model meshes

AN’S'YS

Figure 6. Main and stirrups reinforcements elements

Figure 7. Model wireframe

Figure 8. Model COMP25

Figure 9. Model COMP50

Figure 10. Model COMP100

The loads are divided into series of point loads that
applied at the top center line of the upper plates. The
supports conditions are simply supported in which the
left support simulated as roller that zero displacement in
vertical direction. The right support is pin so that
restraint in longitudinal and vertical directions. The
loads were applied at the central upper nodes that
located at the tops of steel plates in which the loads
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TABLE 3. Applied loading (average)

Spaceman Specime Load (P) from Average

mark n No. tests (kN) [1] loading (kN) 2P
1 31

COMP25-1 2 *20 68
3 375
1 38

COMP25-2 2 34 72
3 32
1 33

COMP50-1 70
2 38
1 48

COMP50-2 2 49 98.5
3 51
1 46

COMP100-1 2 53 95
3 44.5
1 42

COMP100-2 91
2 49

RC wio 1 2 48

GFRP-control

*Unexpected failure

were distributed through nodes. Figure 11 shows the
loads and supports conditions.

8. ANALYSIS RESULTS

The static analysis of all models included the control
model such as strength capacity, cracks propagations,
deflection and tensile strength caused by flexural
loadings, are discuses and compare with the test results

[1].

8. 1. Crack Pattern Figure 12 represents the
cracks propagations at the ultimate load stage for all
models and compares the cracks intensity with

Figure 11. Loads and supports conditions

experimental tests. The circular shape that is lies in the
plane represents the cracks while the crush concrete at
the compression zone shown as octahedron.
Comparisons of cracks patterns between reference and
beam with one layer of GFRP (specimen COMP25-1) at
ultimate loadings from experimental test that show same
cracks propagations. The cracks concentration become
less in presence of GFRP at the same loading of
reference that is mean the GFRP make the reinforce
concrete beam more ductile and there is improvement in
elastic deformation of the reinforced concrete beams at
early stage of applied loads. The modulus of rupture and
splitting tensile strength fcr and fct are based on ACI-
318 — 2019, respectively [16] stated as follows:

fr0.56(fc")°5 3

f4=0.60(fc")°5 Q)]

Based on the numerical analysis the load caused first
crack lists in Table 4. The factor (k) 0.56 and 0.6 if
increased that means there is improvement in tensile
resistance of concrete in tension zone due to tensile load
and bending, respectively. Also, there are improvement
in elastic deformation for each specimen. The new
values of the factor in presence of GFRP base on the
crack loadings from numerical analysis lists in Table 4
with the new values of factor (k).

8. 2. Load-Deflection Behavior Figures 13 to

18 represent the deflection behavior of all models at
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Figure 12. Cracking of the control
strengthening by GFRP Strips

and RC beams

TABLE 4. First crack loadings, modulus of ruptures and the

factor k
COM COM COM COM COM
r'\r’]';’ﬂf' cg}qp P25- P50- P50- P P
2 1 2 100-1  100-2
Crack
loading 26 36 34 46 44 47
(kN)
Modulus of
rupture 4.77 6.62 6.25 8.45 8.09 8.63
(MPa)
Factor k 0.76 1.05 0.99 1.33 1.28 1.36
%Enhance
ments of 26.6 75.0 65.0 121 113. 126
factor k

1099

ultimate applied load, all model results show close with
that in test results. Figure 19 shows the full performance
of load-deflection for all models that compare with
experimental behavior. The difference between the
changes in slopes at various ultimate load levels of the
seven beams is a direct result of composite and non-
composite behavior. When the load is applied gradually,
at its initial stage, only reinforced concrete section
works resisting 15-30% of the applied load. After this
point, the composite section kicks in and works in full
or partial interaction depending on the type of
connection between RC beam and GFRP. RF represents
reference beam, up 50% of maximum applied loading is
linear and within elastic range and serviceability. After
that around 76% become nonlinear that means in the
range of elastic — plastic and first cracks developed due
to increase in loading and the slop become along the
longitudinal direction indicated that the material become
weak. The next performance is full nonlinear and the
slop become toward horizontal up to failure. COMP25-1
up to 25% of maximum applied loading is linear and
within elastic range and serviceability, after that around
80% become nonlinear that means in the range of elastic
— plastic and first cracks developed due to increase in
loading. The behavior of composite is better than that
reference beam because of in presence of GFRP delay
the cracks in tension face because it is enhancement in
resistance tensile strength of concrete tension zone
become more resistance. After cracks developed a full
nonlinear and the slop become toward horizontal up to
failure due to decrease in the beam stiffness because that
increase in loads that lead increase the deflections. All
other beams, linear up to 22% of maximum applied
loading and cracks developed around 86% because of
the same reasons mentioned above. COMP25-1 to
COMP100-2 are linear and after that become nonlinear
according to capacity of composite beam that is really
on the number of GFRP layers and scheme layout. The
behavior of composite beam rely on where, width and
number of layers to re-strengthening RC beam. The
permissible deflection values for structural members are
listed in the ACI 318-2019 code [16]. According to this
reference, the maximum allowable deflection for simply
supported beams under service loads should not be
greater than L/360. Therefore, the maximum deflection
of a beam 680 mm span becomes equal to 1.723 mm.
However; if FRP is used, then the deflection ratio
changes and according to ACI 440-2R [15], the
maximum deflection ratio for composite beams (beams
with  GFRP) is L/250, which results become
approximatly 2.48 mm-deflection. Table 5 lists the
comparisons between the experimental and finite
elements approach as maximum deflections and
compare the models results with control model. Mean
value founded from statistical analysis and the standard
deviation, variance and coefficient of correlation as the
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ratio for numerical results and experimental tests
showed closed. Figure 20 shows the performance of
load and deflection results with number of layers of
GFRP. Increase GFRP layer width that lead to increase
the value of load beam capacity and reduce deflection
due to increase in beam stiffness, reinforcement in
tension zone and make the concrete more ductile due to
presence of GFRP sheet. Deflections and crack intensity
of models with GFRP strips have higher elastic modulus
and moment of inertia due to composite action of
reinforced concrete neams wrapped by GFRP strips are
less than at the same load contrl model. Analysis results
of the numerical simulations clearly showed that beam
capacity, stiffness degradation and failure mode of
failure are significantly influenced by the GFRP widths
and thickness. GFRP makes the concrete more ductile
so that reduceing in deflection and cracks become less.
The reduced in deflections and cracks due to composite
beam delay the formation of plastic hinge that make the
deflection at first crack load to the maximum deflection
less si that the ductility increase in presence of GFRP
sheets.

I\NSVS‘

[ i\

COMP25-1

Flgure 13. Deflectlon of COMP25-1 at ultlmate Ioad
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Flgure 14 Deflectlon of COMP25 2at ultlmate Ioad
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Flgure 16 Deflectlon of COMP50 2 at Ultimate load
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TABLE 5. Comparison results

c B,-.8. %, . ®E L
L= . s, E
g E 28550 ES5%5 Stk
£ SSAOFEAULESEE5 _525= ¢
8 x [ ¢ o 'c».98§8ﬁ°'EEE b
85 & 85836 ZSCEEasifsnme
»n £ = = re838cLnoe®aduns
1
COMP25-1 2 0.78 0.73 0.94 0.73
3
1
COMP25-2 2 0.94 0.95 1.01 0.71
3
COMPSOL ;078 09 101 0.69
1
COMP50-2 2 0.98 0.99 1.01 0.61
3
1
COMP100-1 2 1.18 1.10 0.93 0.65
3
COMPI002 ) 075 074 0.99 0.49
RC w/o
GFRP- RF 1 0.88 0.83 0.94 0.83
Mean 0.98
Standard deviation 0.037
Variance 0.0014
Coefficient of correlation 0.85

8. 3. Principle Stresses and Principle Straines
The plane that make angle with the beam axis have a
point that lie in this plane occur maximum normal and
shearing stresses. Such plane is the principle plane that
is developed principle stresses. Increases in applied load
make increase in internal tension stress at the location of
tension zone that creating cracks so that principle
stresses with direction 45° that lead to diagonal cracking
as shown in Figure 12 which is perpendicular to the
planes of principle tensile strength. To prevent
dangerous or decreasing the cracks within limit, GFRP
strips used to enhance the tensile behavior of reinforced
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Figure 19. Load-deflection curves for all modeling that
compared with test results
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Figure 20. Behavior of load-deflection results with number of
layers of GFRP

concrete beam. Figure 21 shows the principle stress for
reference beam that the stresses concentrated and
directed vectors toward the top. Figure 22 represents the
principle stresses of beam strengthened by GFRP 2
layers, so the principle stresses vector toward the
bottom and there are a concentration of stresses there.
The principle strain for reference beam and
strengthening beams presented in Figures 23 and 24,
respectively. The principle strain at ultimate load it is
more concentrated than in case of reference beam, so
that presence of GFRP make the RC beam more ductile
and the strain reduced, the deflection and tensile stresses
reduced. The Von Misses criteria (yield criteria) which
is written as follows:

(6,-0,) Ho,—0,Y H0,~0,) 22} )

In which a1, o2 and o3 represent first, second and third
principle stress and fy is the yield strength. The vector
principle stresses represent the stress path through the
model due to applied load. Principle stress shown in
Figure 21 different distributions, Figure 22 for beam
with GFRP100-2 due to presences of GFRP that
concentrated vectors at the bottom at the location of
GFRP that sustained and increase the strength capacity
of the beam and increase in flexural resistance due to
increase in whole beam stiffness. Based on the
numerical analysis of the models, the failure criteria that
adopted are flexural not shear or torsion. Failure occur
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for all models in concrete without spalling of GFRP due
to reach the concrete ultimate experimental loads that
applied from experimental tests [1]. The vector stress
distributions of beam with GFRP100-2 more intensity
than control beam model under the nutral axis in the
zone of tension zone near tensile reinforcing and GFRP
that assumed cracked that means there is concrete
tension enhancement in this zobe.

9. STRENGTH CAPACITY OF REINFORCED
CONCRETE BEAM BASED ON ACI-318 AND ACI-
440-2R

Figure 25 shows the point’s distributions around the 45°
line that represent the experimental test results and the
analytical analysis results for strength capacity of
reinforced concrete beam with and without GFRP strips.

ANSYS

R18.21

,,,,,,,

Crrclsarsrapey
FEEFR AR EFFEYE
Ptvepesesrnd]
1445 e 4]

ANSYS!
R1822

Figure 22. Principle stress vector of beam with GFRP100-2

ANSYS

Figure 23. Principle strain vector of beam control beam

Figure 24. Principle strain vector of with GFRP100-2

Figure 26 represents the deflections at failure load. The
point’s lies about and close to the straight line that
indicates the numerical analysis results are conservative.
Table 6 lists the maximum load capacity based on ACI-
318 and ACI-440-2R that compare with the
experimental test results.

100 -
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70 - A h
60 -
50 |
40 -
30
20 -
10 -
0+

0 10 20 30 40 50 60 70 80 90100
Ultimate load (kN) [15, 16]

Ultimate load experimental (kN)
[1]

Figure 25. Comparisons between experimental and analytical
analysis ultimate load capacity

12 a

0.8 - a

0.6 -

0.4

0 T T T T T 1
0 02 04 06 038 1 1.2

Deflection (mm) finite element work

Deflection (mm) experimental work [1]

Figure 26. Comparisons between experimental and numerical
analysis deflection at ultimate load

TABLE 6. Comparisons between average experimental and
theoretical ultimate loads

Spaceman Average Loading (KN) % (Exp./
mF;rk loading (kN) 2P-ACI-440-2R  Theoretic
2P-Exp. [15] al)

COMP25-1 68 56.25 120.88
COMP25-2 72 63.65 113.11
COMP50-1 70 63.65 109.97
COMP50-2 98.5 78.15 126.04
COMP100-1 95 78.15 121.56
COMP100-2 91 94.5 96.35
RC w/o GFRP- 48 46.25 [16] 103.78
control
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10. DISCUSSIONS AND CONCLUSION

In this paper, numerical analysis using finite elements
approach by ANSYS software and analytical solution
results using formula presented in ACI-440-2R-08 [15],
several conclusions may be drawn as follows:

1. Analysis results of the numerical simulations
clearly showed that beam capacity, cracks
intensity, deflections tensile resistance and mode
of failure are significantly influenced by the
GHFRP layers and widths. Results from analytical
solution for ultimate load capacities showed close
with that in experimental tests. Flexural
strengthening of reinforced concrete beams with
the GFRP sheets is effective, as significantly
improved the flexural performance in which in
case of two layers of GFRP gave ultimate load
94.5 kN; while, the control model gave 46.25 kN
that was increased by 104.32%, the reduction of
the deflection for same models as COMP100-2
with RC w/o GFRP-control the reduction is
10.84%. The delay in the formation of first crack
and the increase in the number of cracks and
ultimate loads of the models compared with the
control model. Increasing the layer width and
amount of the strengthening layers improved the
flexural performance of the models compared with
the control model. The model COMP100-2
compared with the model COMP50-2, an increase
in ultimate strength is 20.92%.

2. Presences of GFRP layers minimized the cracks
proportions due to there is enhancement in tensile
resistance for reinforced concrete beam. The
presence structure material like GFRP in the
tension zone increase the concrete resistance
against bending that lead to increase in the tension
stress that developed inside concrete in the tension
zone. The crack patterns at the final loads from the
finite element models correspond well with the
observed failure modes of the experimental beams.

3. Two layers of GFRP improve the serviceability,
flexural performance and increase strength beam
capacity. model COMP100-2 compare with the
model COMP100-1, an increase in ultimate
strength is 20.92%.

4. Increase in GFRP width become more effective to
enhancement the beam performance such as reduce
in deflection, increase load capacity and reduce in
cracks intensity. COMP100-2 compare with the
model COMP50-2, the decrease in deflection is
25.25%.

5. All strengthening beams modelling including
control beam "reference beam" as compared with
tests result as deflection in case of values and
general behaviour listed in Table (5) showed a
closed result, so the verification levels results had

shown a good agreement between FE modelling
procedures using ANSYS and the results from
tested results published before [1]. The mean value
is 0.98 that is close to unity.

6. Presence of GFRP in tension zone delay in load
that cause first crack that lead to delaying earlier
failure and shifting failure load to increase. The
presences of GFRP plies are useful to enhance
concrete member behaviour in resisting loads. In
case of two layers of GFRP model COMP100-2
gave crack load 47 kN while the control model
gave 25 kN that lead to 88% zone delay in load
that cause first crack. Presence of GFRP delays the
post cracking of reinforced concrete beam. The
concrete cracks in model analysis due to the
principal stress are tensile with a crack plane
normal to this principal stress. Based on the first
crack loadings in case of presence of GFRP that
make the factor k become more that indicates there
is improvement and enhancement in the tensile
stress in tension zone due to flexural loadings. The
increase in factor k in case of increase in width
COMP100-2 with COMP50-2 and layers model
COMP100-2  compare with COMP100-1 were
2.26% and 6.25%, respectively. Increase in factor
k that indicate there is enhancement in elastic
deformation that lead the first crack loadings
become more in case of increase GFRP layer or
increase in width of GFRP. Increase in factor k
that make the concrete strain increase that indicate
the concrete become more ductile.

7. Analysis results from finite element models has
some difference as compare with test results due to
in model in finite elements slightly more stiffness
than the actual experimental tests and the effects of
bond slips and the developed micro-cracks
occurred in the actual beams were excluded in the
finite element models.
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