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ABSTRACT 

This study investigates the flexural performance of Reinforced Concrete (RC) beams internally reinforced 

with steel bars, Glass Fiber Reinforced Polymer (GFRP) bars, geogrid, and GFRP meshes. The 

experimental program consists of casting and testing twelve RC beams, including one reference beam 

without any strengthening and 11 strengthened beams. The key variables examined involve the number 

and material type of reinforcement mesh layers as well as the number and diameter of GFRP bars. The 

results indicate that increasing the area of added GFRP bars enhances the ultimate strength by about 

37.90% and 20.22% for the beam with two GFRP bars with a diameter of 10 mm and two of 8 mm, 

respectively, concerning the reference beam. The increase in the area of added GFRP mesh is directly 

proportional with the beam failure load. The geogrid mesh improved the ultimate strength of the beams 

slightly more than the GFRP mesh. The addition of reinforcing mesh generally led to an increase in the 

Ductility Factor (DF) of the beams, but it appeared that the use of geogrid mesh led to an even greater 

increase. Finally, the mixing of geogrid and GFRP mesh did not significantly affect the DF value. 

Keywords-GFRP bars; geogrid mesh;concrete beams; flexural; internal reinforcement; GFRP mesh 

I. INTRODUCTION  

In recent years, various researchers have improved RC 
buildings using geogrid, a geosynthetic material known for its 
exceptional flexibility. The utilization of welded wire mesh as 
ferrocement laminate has demonstrated many benefits, 
including remarkable durability, ductility, and toughness. 
Furthermore, ferrocement may be readily shaped into any form 
to match the contours of the components requiring repair [1-4]. 
Glass fiber is predominantly produced from silica sand and is 
available in various grades within the commercial sector. Glass 
fiber composites possess excellent thermal and electrical 
insulation properties. GFRP composites have revolutionized 
the construction industry by offering innovative and sustainable 
solutions, and are used in structural elements, such as bars, 
grids, and profiles. Steel rebars in concrete construction are 
being substituted by GFRP bars. GFRP is considered resistant 
to corrosion and to chemical assaults from chloride ions and 
low pH, and electrically non-conductive. On the other hand, 
GFRP bars exhibit erratic plastic behavior and diminished 
ductility, and may display brittleness and susceptibility to 

cracking or fracturing under sudden impact, while incurring a 
higher cost compared to steel bars [5, 6]. 

Authors in [7] evaluated the flexural behavior and 
serviceability behavior of geopolymer concrete beams 
strengthened with GFRP bars by a 2-point static load test. The 
findings indicated that the bar diameter did not significantly 
affect the bending strength of the samples. The serviceability 
performance of a beam improves with a higher reinforcement 
ratio. The mechanical interlock and frictional forces of the sand 
layer effectively created a strong link between the concrete and 
the GFRP bars. The predictive equations of ACI-4401.R-06 
generally underestimate beam strength. The evaluated beams 
demonstrated superior bending-moment capacity relative to the 
previously examined Fiber Reinforced Polymer (FRP) RC 
beams. In [8], an analysis was performed on six concrete 
beams reinforced with a combination of GFRP and steel bars. 
Additionally three concrete beams were fabricated and 
evaluated using solely steel bars for reinforcement. The 
flexural behaviors of the examined beams were compared to 
theoretical models. The results indicated that under the 
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prescribed service load, the GFRP-steel RC beams displayed a 
faster increase in crack width and deflection than the steel-RC 
beams. GFRP-steel RC beams exhibited an ultimate flexural 
capacity ranging from 91.0% to 97.0% of that of steel-RC 
beams, while maintaining an equivalent total quantity of GFRP 
and steel reinforcement.  

The bending properties of concrete beams reinforced with 
GFRP and Carbon Fiber Reinforced Polymer (CFRP) bars 
were investigated and compared to theoretical results derived 
from ACI and Eurocode [9]. Twelve RC beams were examined 
with dimensions of 13 × 22 × 220 cm, augmented with varying 
diameters of GFRP and CFRP. The reinforcement ratio and 
concrete strength substantially affected the performance of 
GFRP, CFRP, and RC beams, having resulted in decreased 
deflection and crack width aligning closely with the criteria 
established by ACI. Geogrids are utilized to reinforce asphalt 
concrete layers, stabilize and restrict soil retaining structures, 
and alleviate progressive cracking in pavements. Geogrids are 
categorized into two types: uniaxial and biaxial. Uniaxial 
geogrids are mostly utilized for retaining walls and the 
stabilization of steep slopes. Biaxial geogrids are 
predominantly utilized in highway construction due to their 
exceptional tensile strength in both horizontal and vertical 
directions. Fiber and wire mesh are often used interchangeably 
in concrete components. Fiber mesh is more appropriate for 
fragile concrete structures and thin concrete layers, while wire 
mesh is generally utilized for heavier concrete forms [10-12]. 
Fiberglass mesh exhibits extraordinary durability, superior 
insulating properties, high tensile strength, remarkable 
chemical resistance, and can endure extreme temperatures of 
up to 600 °C without damage. Utilizing this specialized fabric 
enables the production of glass fiber mesh that exhibits alkali 
resistance and non-combustibility. As a result, they are/it is 
ideally suited for various applications, including soil 
stabilization and concrete building reinforcement [13]. In [14], 
the effectiveness of Steel Wire Mesh (SWM) and polymer 
mortars in improving the flexural capacity of concrete beams 
was investigated. The primary test variables examined were the 
quantity of longitudinal SWM reinforcements and the load 
profile. The results demonstrated the feasibility of repairing 
and improving RC components using SWM materials. In 
addition, the maximum strength of RC T-beams, enhanced with 
SWM composites, remained constant irrespective of the load 
history throughout the reinforcing process. This study aims to 
develop a design technique capable of accurately predicting the 
flexural performance of T-beams reinforced with SWM 
composites. The use of innovative composites to improve 
concrete beam performance was explored in [15]. The wire 
mesh epoxy composite was utilized to externally affix one to 
five layers onto a basic concrete beam. The flexural 
performance of the beam specimens was assessed among those 
reinforced with wire mesh layers, those reinforced with carbon 
fiber, and those reinforced with a combination of wire mesh, 
epoxy, and carbon fiber composites. The test results 
demonstrated that the integration of wire mesh through epoxy 
significantly improved the flexural performance of the concrete 
samples. Moreover, the additional wire mesh layers 
significantly strengthened the flexural capacity and energy 
absorption of the cracking category. Finally, the wire mesh-

epoxy composite exhibited enhanced flexural strength and 
ductility relative to that carbon fiber. The efficacy of 
Lightweight Concrete (LWC) beams was examined in [16]. 
Compared to traditional concrete beams, LWC beams exhibited 
enhanced load-deflection, energy absorption, and ductility 
performance indices. The integration of internal mesh 
reinforcement into the LWC beam improved its load-bearing 
capacity without increasing its bulk or weight. This 
reinforcement comprised four layers of Welded Wire Mesh 
(WWM) placed 15 mm apart, followed by four layers spaced 
10 mm apart, and finally four layers of mesh alternating 
between 15 mm and 10 mm. The beam, reinforced with WWM 
highlighted improved load-bearing capacity and withstood 
significant deflection without imminent failure. WWM 
integrates internal reinforcement to manufacture steel rebars, 
operating as a monolithic structure under load. The internal 
reinforcement of the structure using WWM enhanced its load-
bearing capacity by 25%. This design element results in less 
strain on tension bars and enhanced load capacity.  

Authors in [17] evaluated the influence of different material 
meshes on the flexural strength of concrete beams to determine 
the internal reinforcing effect. Eleven RC beams were tested 
utilizing a four-point bending method. The reinforcement for 
flexure and shear employed in all 11 beams was consistent. 
Various quantities of layers and combinations of these 
chemicals were employed along with geogrid, GFRP, and steel 
meshes. A solitary beam was fabricated employing a U-shaped 
mesh for each material. The results revealed that the failure 
load capabilities of the composite beams exhibited a percentage 
increase ranging from approximately 3% to 25% in comparison 
to the control beam. Furthermore, the U-shaped mesh design of 
the beams indicated a 17% greater load capacity than their 
straight mesh counterparts. The ductility ratio showed a 
substantial increase of approximately 82% to 136% when the 
layer count escalated from 1 to 3. 

The current investigation focuses on determining how the 
number and material type of reinforcement mesh layers, and 
the number and material type of reinforcement bar layers 
affected the results. 

II. EXPERIMENTAL PROGRAM 

The experimental program consists of casting and testing 
12 RC beams, including 1 reference beam without any 
strengthening and 11 strengthened beams.  

 

 

Fig. 1.  Details of the tested beams. 

The key variables investigated in this study involve the 
number and material composition of the reinforcement mesh 
layers as well as the quantity and diameter of the GFRP bars. 
All beams have the same length, width, height, and steel 
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reinforcement, and were subjected to dual point loads, as 
illustrated in Figure 1. The reinforcement details are presented 

in Figures 1 and 2, while Table I outlines the configurations of 
the test beams. 
 

 
               B-REF                                                        BGB10                                                            BGB8 

 
               BGF1                                                             BGF2                                                           BGF3 

 
              BGE1                                                             BGE2                                                           BGE3 

 
          BGB8GF1                                                     BGB8GE1                                                   BGE1GF1 

Fig. 2.  Cross section of the tested beams. 

TABLE I.  TESTED BEAM DETAILS 

Beam ID Diameter of GFRP 

bars (mm) 

Type of mesh 

layer 

Number of 

mesh layers 

B-REF - - - 

BGB10 10 - - 

BGB8 8 - - 

BGF1 - GFRP 1 

BGF2 - GFRP 2 

BGF3 - GFRP 3 

BGE1 - Geogrid 1 

BGE2 - Geogrid 2 

BGE3 - Geogrid 3 

BGB8GF1 8 GFRP 1 

BGB8GE1 8 Geogrid 1 

BGE1GF1 - Geogrid+GFRP 1+1 

 

 

 

TABLE II.  TENSILE CHARACTERISTICS OF STEEL 
REINFORCING REBARS 

Nominal 

diameter 

(mm) 

Area 

(mm2) 

Average yield 

tensile stress 

(Mpa) 

Average 

ultimate 

tensile 

strength 

(Mpa) 

Elongation 

in ultimate 

stress (%) 

8 50.3 501 593 11.00 

10 78.5 560 662 11.64 

 
Table II illustrates the tensile characteristics of the steel 

reinforcing bars in accordance with the ASTM A615. The steel 
bars were examined in the Babil Tower in order to conduct 
studies and scientific research on their properties and 
performance. 

Table VI shows the details of the mix proportion of 
concrete, taken from [18].  
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TABLE III.  MECHANICAL PROPERTIES OF GFRP BARS 

Property 
GFRP bar  

8 mm 

GFRP bar 

10 mm 

Ultimate tensile strength (MPa) 1080 980 

E- modulus (GPa) ≥40 ≥40 

Cross section area (mm2) 50 73 

Diameter (mm) 8 10 

Density (g/cm3) 2.2 2.2 

TABLE IV.  PROPERTIES OF GEOGRID MESH 

Properties Unit 100/100 

Tensile strength 
MD 

CMD 

kN/m 

(Min.) 

100 

100 

Elongation at 

maximum load 

MD 

CMD 

% 

(±%2) 
12 

Elongation at 

nominal load 

MD 

CMD 

% 

(±%2) 
10 

Mesh size 
MD 

CMD 

mm 

(±3) 

30 

26 

Roll width 
MD 

CMD 

m 

(±%1.5) 

5.25 

6 

Roll length 
MD 

CMD 

m 

(±%1.5) 
50 

MD = Machine Direction, CMD = Cross Machine Direction 

TABLE V.  PROPERTIES OF FIBERGLASS MESH 

Product name Fiberglass mesh 

Specification 5 x 5 mm 

Weight 160 g ± 5 g/m2 

Roll length 50 m 

Roll width 1 m 

Thread tex 
Wrap 100 

Weft 450 

Tensile strength 

(N/5 cm) 

Wrap 1100 

Weft 850 

 

 
Fig. 3.  (a) Geogrid mesh and (b) fiberglass mesh. 

TABLE VI.  DETAILS OF MIX PROPORTION MATERIALS 

Cement 

(kg/m3) 

Fine agg. 

(kg/m3) 

Coarse agg. 

(kg/m3) 
W/C ratio 

400 700 1056 0.52 

 

III. EXPERIMENTAL RESUTLS 

A. Hardened Concrete Properties 

The cube compression test was conducted in accordance 
with BS 1881: Part 116, the cylinder compression test was 
carried out according to ASTM C 39M-17, the splitting tensile 
strength was measured according to ASTM C 496/C496M, and 
the test of modulus of rupture was conducted according to 
ASTM C78. 

 

Fig. 4.  Installation of reinforcement, and mesh and concrete pouring. 

TABLE VII.  HARDENED CONCRETE PROPERTY RESULTS 

Cube 

compressive 

strength (MPa) 

Cylinders 

compressive 

strength (MPa) 

Splitting tensile 

strength (MPa) 

Modulus of 

rupture 

(MPa) 

39.8 32.6 3.46 3.91 

B. Initial Crack Loads 

Table VIII presents the experimental findings related to 
cracking loads, deflections, and failure loads. The initial crack 
was observed at an applied load between 20 and 28 kN with the 
First Crack Load (Pcr) to Ultimate Load (Pu) percentage 
ranging from 18.38% to 26.56%. This suggests that the 
addition of GFRP bars resulted in a decrease in the Pcr to Pu 
ratio, while the incorporation of GFRP or Geogrid mesh led to 
an increase in the same ratio. 

TABLE VIII.  ULTIMATE AND CRACKING LOADS  

Beam ID Pcr (kN) Pu (kN) Pcr/Pu (%) 

B-REF 20 87.10 22.96 

BGB10 25 120.11 20.81 

BGB8 20 104.71 19.1 

BGF1 25 94.11 26.56 

BGF2 25 97.25 25.71 

BGF3 25 99.31 25.17 

BGE1 25 97.21 25.72 

BGE2 25 103.77 24.09 

BGE3 25 106.59 23.45 

BGB8GF1 20 108.81 18.38 

BGB8GE1 28 112.03 24.99 

BGE1GF1 25 97.98 25.52 

 

C. Deformability of the Examined Beams under the Imposed 
Load 

Deformability pertains to the strain within a body, the 
curvature of a section, the tilt of a member, and the deflection 
of a member. The chosen serviceability limit was the 
experimental Pu divided by 1.7, as proposed in [19], due to the 
absence of undesired breaking or deformation at this threshold. 
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Consequently, Table IX contains the relevant mid-span 
deflections for the service load, Pu of the reference beam 
group, and ultimate applied load for all beams. The selected Pu 

of the reference beam (87.1 kN) within the group is crucial for 
comparing deflections under a constant load, which serves as a 
marker of beam stiffness. 

TABLE IX.  MID SPAN DEFLECTION AT DIFFERENT LOADING STAGES 

Beam ID Service Deflection (mm) 
At 87.1 kN 

Ultimate Deflection (mm) ���� (kN) 
Deflection (mm) Deflection Decrease Percentage  (%) 

B-REF 4.31 20.52 Ref. 20.52 87.10 

BGB10 3.75 6.10 70.3 26.81 120.11 

BGB8 4.60 10.87 47.0 25.51 104.71 

BGF1 3.95 12.05 41.2 22.62 94.11 

BGF2 3.56 6.60 67.8 22.14 97.25 

BGF3 3.42 6.20 69.8 23.24 99.31 

BGE1 3.89 13.40 34.7 26.11 97.21 

BGE2 3.87 7.90 61.5 27.39 103.77 

BGE3 3.86 6.50 68.3 28.63 106.59 

BGB8GF1 4.44 8.50 58.6 27.22 108.81 

BGB8GE1 4.90 9.77 52.4 30.33 112.03 

BGE1GF1 4.75 14.40 29.8 26.12 97.98 
 

As per the ACI-318M-19 [20] guidelines, the maximum 
allowable deflection for flat roofs not supporting or affixed to 
non-structural components, and susceptible to damage from 
significant deflections is L/180, which is roughly 8.89 mm. 
Table VII indicates that all examined beams remained below 
this limit under service load conditions. Figures 5-9 display that 
all tested beams initially exhibited linear deflection. However, 
subsequent to the cracking load, they exhibited semi-linear 
deflection with an increasing load.  The slope of the deflection 
lines, though, was significantly reduced compared to the pre-
cracking phase with the deflection curves diverged according to 
the extent of cracking and the degree of stiffness degradation. 
Additionally, the angle of this linear segment differed among 
samples. As loads approached the Pu, tested beam deflection 
curves diverged from the control beam's deflection curve. At 
the Pu of the reference beam, for all strengthened beams, the 
mid-span deflection decreased concerning the reference beam. 
This is an indication of increased stiffness, where the beam of 
the two GFRP bars of 10 mm without any mesh decreased by 
70.3%. The beam with one layer of GFRP mesh and one layer 
of geogrid mesh decreased by 29.8% concerning the reference 
beam. 

1) GFRP Bars Addition Effect 

The effect of adding GFRP bars on the load against the 
mid-span deflection relationship is illustrated in Figure 5.  

 

 

Fig. 5.  GFRP bar effect on load-deflection curves. 

It is demonstrated that the three beams exhibited identical 
stiffness in the region of elasticity. However, post-cracking of 
the concrete, the augmentation of the GFRP bar area was 
proportional to beam stiffness. 

2) Mesh Layer Number Addition Effect 

Figure 6 depicts the GFRP mesh layer number addition 
effect on mid-span deflection relationship. 

 

 
Fig. 6.  GFRP mesh layer number effect on load-deflection curves. 

In Figure 7, the impact of the added geogrid mesh layer 
number on the load against mid-span deflection relationship 
can be observed. The load-deflection curves indicate that the 
four beams exhibit identical stiffness in the region of elasticity. 
However, post-cracking of the concrete, an increase in the 
quantity of GFRP or geogrid mesh correlates directly with 
beam stiffness. 

3) Mesh Material Addition Effect 

Figure 8 portrays the impact of the added mesh material on 
the load against mid-span deflection relationship. From the 
load-deflection curves, it is evident that the effect of GFRP 
mesh is almost similar to the geogrid mesh but the mixing of 
GFRP and geogrid mesh decreases the stiffness of the beam.  
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Fig. 7.  Geogrid mesh layer number effect on load-deflection curves. 

 
Fig. 8.  Geogrid and GFRP mesh mixing effect on load-deflection curves. 

 

Fig. 9.  Mesh material addition effect. 

Figure 9 shows the impact of the added mesh material type 
on the load against mid-span deflection relationship. It is 
observed that the addition of the geogrid mesh slightly 
increases the failure load value and greatly increases the 
corresponding deflection value, suggesting a slight increase in 
the beam's overall stiffness while also greatly enhancing its 
ductility. This indicates that the addition of the geogrid mesh 
enhances the structural performance of the beam, providing a 
beneficial balance between the load-bearing capacity and 
deformation tolerance. 

D. Load-Carrying Capacity and Failure Mode 

Only flexural cracks developed in all beams. When the 
applied load caused serious flexural stresses in the middle part 
of the span, nearly vertical flexural cracks were formed in the 
extreme tensile fibers of the bottom section, nearby the 
maximum bending moment section. By increasing the level of 
loading, the number of vertical flexural cracks grew 
substantially, their length increased, their ends took a more 
horizontal route, and the flexural cracks tended to flatten. The 
aforementioned inclined cracks proceeded as a result of the 
application of the load, whereas the region over which the 
crack seemed to extend and the direction of these cracks 
oriented toward the points of the applied force.  All beams 
failed due to fractures originating from the beam soffit at the 
maximum bending moment. These cracks propagated toward 
the upper zone due to steel yielding, culminating in 
compression failure near the mid-span's top.  

Table X presents the Pu for all the tested beams in 
comparison with the failure load value of the reference beam. 
The maximum value is observed for BGB10 beam with a Pu of 
120.11 kN, suggesting an increase of 37.90%, and the 
minimum for BGF1 beam with Pu of 94.11 kN, indicating an 
increase of 8.00%. All strengthened beams presented in Table 
X have a Pu higher than the reference one. 

TABLE X.  ULTIMATE LOADS FOR ALL BEAMS 

Beam ID Pu (kN) Increase percentage in Pu (%) 

B-REF 87.10 Ref. 

BGB10 120.11 37.90 

BGB8 104.71 20.22 

BGF1 94.11 8.00 

BGF2 97.25 11.65 

BGF3 99.31 14.00 

BGE1 97.21 11.61 

BGE2 103.77 19.14 

BGE3 106.59 22.38 

BGB8GF1 108.81 24.90 

BGB8GE1 112.03 28.60 

BGE1GF1 97.98 12.50 

 

1) Glass Fiber Reinforced Polymer Bar Addition Effect on Pu 

Table IX displays that the increase of the area of added 
GFRP bars results in an ultimate strength enhancement by 
about 37.9% and 20.22% for the beam with two GFRP bars of 
10 mm diameter and the beam with two GFRP bars of 8 mm 
diameter, respectively, concerning the reference beam. 

2) Mesh Layer Number Addition Effect on Pu 

Table IX demonstrates that increasing the area of added 
GFRP mesh results in an enhancement of ultimate strength by 
about 8%, 11.65%, and 14% for the beams with one, two, and 
three GFRP mesh layers, respectively, concerning the reference 
beam. Additionally, increasing the area of added geogrid mesh 
results in an enhancement of the ultimate strength by about 
11.61%, 19.14%, and 22.38% for the beams with one, two, and 
three geogrid mesh layers, respectively, concerning the 
reference beam. The geogrid mesh improved the ultimate 
strength of the beams slightly more than the GFRP mesh. 
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(a) (g) 

  
(b) (h) 

  
(c) (i) 

  
(d) (j) 

  
(e) (k) 

  
(f) (l) 

Fig. 10.  Final crack pattern of specimens: (a) B-REF, (b) BGB10, (c) BGB8, (d) BGF1, (e) BGF2, (f) BGF3, (g) BGE1, (h) BGE2, (i) BGE3, (j) 

BGB8GF1, (k) BGB8GE1, and (l) BGE1GF1. 

3) Mesh Material Addition Effect on Pu 

Table XI shows that the geogrid mesh slightly increases the 
Pu value, while the mixing of GFRP and geogrid mesh does 
not affect the Pu. 

TABLE XI.  MIXING EFFECT OF ADDED MESH MATERIAL 
ON ULTIMATE LOAD 

Beam ID Pu (kN) Increase percentage in Pu (%) 

BGF2 97.25 Ref. 

BGE2 103.77 6.70 

BGE1GF1 97.98 0.75 

 
According to Table XII, the geogrid mesh slightly increases 

the failure load value, where replacing the GFRP mesh with 
geogrid mesh leads to a small enhancement in the ultimate 
strength around 3.30%, 6.70%, and 7.33% for the beams with 
one, two, and three mesh layers, respectively. 

 

 

 

TABLE XII.  MESH MATERIAL ADDITION EFFECT ON 
ULTIMATE LOAD 

Beam ID Pu (kN) Increase percentage in Pu (%) 

BGF1 94.11 Ref. 

BGE1 97.21 3.3 

BGF2 97.25 Ref. 

BGE2 103.77 6.7 

BGF3 99.31 Ref. 

BGE3 106.59 7.33 

E. Ductility Index 

The ductility index quantifies a structural member's ability 
to endure significant deformations. The ratio of mid-span 
deflection at failure loads over/to mid-span deflection at the 
first yielding of tensile main rebars. The DF for each specimen 
is presented in Table XIII and defined as the ratio of ultimate 
deflection and/to the yield deflection. The addition of GFRP 
bars, in addition to the existing reinforcement steel, resulted in 
a significant increase in the DF. The addition of reinforcing 
mesh generally led to an increase in the beams’ DF, but it 
appeared that the use of geogrid mesh led to a greater increase 
than GFRP mesh utilization. The mixing of geogrid and GFRP 
mesh did not significantly affect the ductility coefficient value. 
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TABLE XIII.  DF OF ALL BEAMS 

Beam ID Yeilding 

deflection 

(mm) 

Ultimate 

deflection 

(mm) 

DF Increase 

percentage in 

DF (%) 

B-REF 8.40 20.52 2.44 Ref. 

BGB10 6.81 26.81 3.94 61.4 

BGB8 6.20 25.51 4.11 68.4 

BGF1 7.26 22.62 3.10 27.0 

BGF2 5.90 22.14 3.75 53.7 

BGF3 6.02 23.24 3.86 58.2 

BGE1 7.50 26.11 3.48 42.6 

BGE2 6.40 27.39 4.28 75.4 

BGE3 6.30 28.63 4.54 86.1 

BGB8GF1 5.90 27.22 4.61 88.9 

BGB8GE1 6.10 30.33 4.97 103.7 

BGE1GF1 8.50 26.12 3.07 25.8 

 

IV. CONCLUSION 

This study investigated the flexural behavior of Reinforced 
Concrete (RC) beams with various internal reinforcement 
configurations including steel bars, Fiber Reinforced Polymer 
(FRP) bars, and Glass Fiber Reinforced Polymer (GFRP) 
geogrid meshes. The research objective was to assess how the 
quantity and material composition of the reinforcement mesh 
layers and bar layers affected the results . 

The initial crack was observed at an applied load of 20 kN 
to 28 kN, with a variation in the First Crack Load (Pcr) to 
Ultimate Load (Pu) percentage ranging from 18.38% to 
26.56%. The addition of GFRP bars resulted in a decrease in 
the Pcr/Pu percentage. In contrast, the addition of GFRP or 
geogrid mesh led to an increased Pcr/Pu percentage. 

At the Pu of the reference beam (87.1 kN), all strengthened 
beams exhibit a reduction in mid-span deflection compared to 
the reference beam, indicating enhanced stiffness. The beam 
reinforced with two 10 mm GFRP bars, without any mesh, 
shows a decrease of 70.3%, while the beam with one layer of 
GFRP mesh and one layer of geogrid mesh demonstrates a 
decrease of 29.8% relative to the reference beam. All beams 
failed due to cracks appearing from the underside of the beams 
at the point of maximum bending stress. These cracks then 
moved upwards as a result of the steel reinforcement yielding, 
ultimately leading to compressive failure in the upper region at 
mid-span. 

Increasing the area of the included GFRP bars resulted in 
an enhancement of ultimate strength by 37.9% and 20.22% for 
the beam with two GFRP bars of 10 mm diameter and the 
beam with two GFRP bars of 8 mm diameter, respectively, 
compared to the reference beam. These findings align with 
[21]. Furthermore, the addition of the GFRP mesh area 
improved the ultimate strength at 8%, 11.65%, and 14% for the 
beams with one, two, and three GFRP mesh layers, 
respectively, supporting prior research findings [22]. Finally, 
expanding the area of the included geogrid mesh enhanced the 
ultimate strength at a 11.61%, 19.14%, and 22.38% level for 
the beams with one, two, and three geogrid mesh layers, 
respectively. The expansion of the new geogrid mesh area is 
directly proportional to the beam failure load. The geogrid 
mesh exhibited a slightly greater enhancement of the beam 

ultimate strength compared to the GFRP mesh, corroborating 
with results from [23]. 

The incorporation of reinforcing mesh frequently enhanced 
the Ductility Factor (DF) of the beams. However, the use of 
geogrid mesh produced a more significant improvement 
relative to the GFRP mesh. Finally, the combination of geogrid 
and GFRP mesh did not substantially influence the DF value. 
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