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Abstract— This study investigates how the flexural characteristics of square foundation footings, 

strengthened with glass fiber reinforced concrete (GFRC), are influenced by uniaxial geogrids. The 

research involves tests on five reinforced concrete square footings under square loading until failure. 

Variables include geogrid layer count and longitudinal reinforcement proportion. The analysis covers 

factors like different stage loads, deflection, energy absorption, ductility, and crack patterns. Results 

indicate that adding geogrid layers with GFRC significantly improves footing flexural performance and 

fracture mechanism. More geogrid layers lead to notable load increases at each stage. The data also 

reveals that geogrid reinforced GFRC footings surpass those reinforced with steel and standard concrete 

mixes in strength resistance. Moreover, a simplified empirical equation correlates footing moment directly 

to geogrid tensile strength, offering efficient predictive accuracy for their relationship. This research 

emphasizes uniaxial geogrids' benefits in reinforcing GFRC footings, enhancing flexural performance, and 

offering valuable insights for earth structure design and construction. 

Keywords— Square foundations, Flexural behavior, Geogrid reinforcement, Geosynthetics, Concrete 

footings, Uniaxial geogrids, Glass fiber reinforced concrete (GFRC). 

 
I. INTRODUCTION 

Due to its flexibility and versatility, reinforced concrete is 

used a lot in the construction industry. Still, steel 

reinforcements in concrete that corrosion can cause the 

structure to weaken and need expensive repairs [1][2]. 

Researchers are investigating into other materials, such as 

glass, jute, synthetic coconut fibers, rubber, plastics, sisal, 

and hemp, to improve the concrete tensile strength [3][4]. 

Plastics are getting more attention these days because of 

worries about the environment and the oceans. Even so, 

they are still used, along with other materials, as 

reinforcements in civil infrastructure [5][6]. 

Geogrid, a vital element in geotechnical engineering, plays 

a significant role in reinforcing and stabilizing civil and 

infrastructure projects. It can be used instead of or in 

addition to steel reinforcement, and it works well to reduce 

the damage caused by impacts [7][ 8]. Geogrid can be 

utilized in uniaxial or biaxial forms, depending on the 

specific application. Uniaxial geogrids are well-suited for 

slope separators and retaining walls, whereas biaxial 

geogrids excel in highway structures such as bridges, 

drainage systems, and pavements [9]. By enabling the 

construction of steep slopes or walls on weak terrain, 

geogrids expand the usable land area. Additionally, they 

reinforce pavements and provide stability to 

unconsolidated surfaces and asphalt layers [10][11][12]. 

The utilization of geosynthetic materials in the 

construction of reinforced concrete (RC) and pavement 

structures has witnessed a significant surge in recent 
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decades. Geogrids have become increasingly prevalent in 

the construction of RC and pavement structures [13]. 

According to Abdel-Hay (2019) [14], geogrids offer a 

viable alternative to conventional methods and effectively 

reinforce RC slabs. The incorporation of geogrids 

enhances flexural strength and reduces deflection at the 

failure load. Meski and Chehab [15], as well as Hadi et al. 

[5], have investigated the potential application of geogrids 

in reinforcing concrete beams. Their studies have 

demonstrated that geogrids can markedly improve the 

strength and flexural capacity of concrete beams. 

Additionally, experimental studies have demonstrated that 

the application of geogrids can improve the post-cracking 

performance, failure mode, strength, and longevity of 

reinforced structural elements [16][17]. 

In recent times, there has been an increasing focus on 

augmenting the strength of concrete by incorporating glass 

fiber reinforced concrete (GFRC) material [18]. GFRC is 

recognized for its exceptional durability within concrete 

and comprises a composite material with a matrix that 

exhibits an asymmetrical dispersion or arrangement of 

small fibers, whether they are of natural or synthetic origin 

[19]. The employment of discrete glass fibers has 

demonstrated the ability to enhance the shear-friction 

strength of concrete while serving as an effective shear 

reinforcement. Additionally, the application of glass fibers 

has been observed to efficiently mitigate crack propagation 

in beams and footings [20][21]. 

The main aim of this study is to examine the flexural 

properties of square concrete footings that have been 

strengthened with geogrid reinforcement and GFRC. In 

this study, four distinct variations of uniaxial geogrids, 

encompassing both rigid and flexible alternatives, are 

introduced into footings constructed with glass fiber 

reinforced concrete (GFRC). The specimens undergo 

square loading. The experimental results clearly 

demonstrate that the inclusion of geogrids in the concrete 

footings significantly enhances both strength and post-

cracking ductility, especially when multiple layers of 

geogrids are used. 

 

II. APPLICATION OF EXPERIMENTS 

A- Experimental Design and Samples 

In the experiment, five footings with different 

reinforcement configurations were tested. The footings 

were square in shape (30 cm x 30 cm x 9 cm) and 

subjected to specific loading conditions using a 7 cm x 7 

cm square loading plate. The footings were divided into 

five categories to evaluate various reinforcement methods. 

The control specimen was reinforced with steel without 

any glass fiber bristles. The other specimens were 

reinforced with uniaxial geogrid and GFRC, with some 

having two layers and others having four layers of uniaxial 

geogrid. Table 1 provides a summary of these 

configurations. 

Table 1: Summary of Experimental Test Conditions 

Group 

Name 

Code of 

Specimen 

Reinforced 

Material 

Number 

of Units 

Arrangment of layers Concrete Mixture 

Control C Steel 4 @ 6 mm 2 bars on each direction Reinforced concrete mixture 

(Without adding fiber bristles) 

 

 

Geogrid 

reinforced. 

 

S1 Re 520 4 layers 2 sheets on each direction  

 

Glass fiber reinforced concrete 

(GFRC) 

 

S2 Re 570 2 layers 1 sheet on each direction 

S3 Re 540 4 layers 2 sheets on each direction 

S4 Re 580 2 layers 1 sheet on each direction 

 

B- Components of Reinforced Concrete 

In our experimental specimens, we used ordinary Portland 

cement (OPC-42.5 grade), natural sand (fineness modulus 

of 2.6), and filter stones (maximum aggregate size of 9 

mm). The concrete mix comprised carefully measured 

quantities of key components: 450 kg/m3 of cement, 680 

kg/m3 of sand, 215 liters/m3 of water, and 970 kg/m3 of 

coarse aggregate. The GFRC mix have the same items in 

addition to 2.5 kg/m3 of 12-16 mm long glass fiber bristles 

with a diameter of 12 microns, supplied by the CMB 

Group company in Egypt. The normal reinforced concrete 

mix achieved a compressive strength of 28 MPa at 28 

days, while the glass fiber reinforced concrete (GFRC) had 

a strength of 32.26 MPa. 

C- Footings reinforcement  

The experimental control specimen employed standard 

mild steel bars with a diameter of 6 mm and a grade of 36, 

possessing a yield stress of 36 Ksi, as the primary 

reinforcement in both longitudinal and transverse 

directions (as illustrated in Figure 1-a). Furthermore, 

uniaxial geosynthetic geogrids, supplied by Tensar 

International Corporation and imported by National 
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Geotechnical Company for GEOTECH, were extensively 

utilized in this research (as referenced in [22]). The 

mechanical properties of the uniaxial geogrids employed 

in this research were described in Table 2. Uniaxial 

Geogrids Re520, Re540, Re570, and Re580 were 

employed and are depicted in Figures 2-b to 2-e. 

 
Fig.1: Specimen Reinforcement Layout 

 

Table 2: Uniaxial Geogrid Mechanical Properties Consistent with Manufacturer's Specifications. 

Component of Uniaxial geogrid 

 

Mechanical properties 

Uniaxial Geogrid type  

Unit Re 

520 

Re 

540 

Re 

570 

Re 

580 

polymer High density polyethylene 

Junction strength 95% 

Unit weight 0.36 0.45 0.87 0.98 Kg/m2 

Long term strength 25.10 30.66 56.28 65.27 Kn/m 

 

D- Analysis of Soil Specifications 

The soil used in this study was classified as well-graded 

gravel with sand according to the unified soil classification 

system. Its grading was determined by the uniformity 

coefficient (22.50) and uniformity curvature (1.98). The 

soil's compaction characteristics were evaluated through 

the standard proctor test, revealing a maximum dry density 

of 2.078 t/m3 and an optimum moisture content of 6.88%. 

These test results provide valuable insights into the soil's 

suitability for the footings' application. 

 

Experimental Setup and Instrumentation 

Configuration 

The laboratory-based study utilized a model setup 

comprising a sturdy test tank, a loading mechanism, a 

sensor-equipped plate, and a data collection system. The 

tank, constructed from rigid steel, had dimensions of 1.50 

meters in length, 1.50 meters in width, and 0.70 meters in 

height, Figure 2-a. A motorized hydraulic jack applied a 

constant load to the footing, with the load measured using 
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a 1000 kN capacity load cell placed on top. Five LVDT 

transducers with a resolution of 0.04 mm were 

strategically positioned on the footing to capture any 

vertical displacement. The output voltage from each 

electrical measuring circuit was automatically recorded at 

one-minute intervals through a data logging system. Figure 

2-b, provided a visual representation of the apparatus, 

illustrating its principal dimensions and layout, ensuring 

accurate data acquisition, and facilitating subsequent 

analysis.  

 
 

(a) Soil setup inside the steel tank 

(b)  

 

(b) Footing setup for testing 

Fig.2: Experimental Setup for footing specimen. 

 

III. FINDINGS AND EVALUATION 

Figures 3 depict the load-displacement response of square 

concrete footings that were enhanced with either two or 

four layers of uniaxial geogrids. The load-carrying 

capability (P) and vertical displacement (Δ) were 

calculated for all the examined footings during the initial 

crack, yield, and ultimate stages. Moreover, the ductility 

(μ) and energy absorption (En) properties of each footing 

were assessed. A comprehensive compilation of these 

parameters is presented in Table 3. 

 

Fig.3. load-deflection relationship of square concrete 

footings that have been reinforced with both steel and 

Uniaxial geogrids. 

 

A- Investigating the influence of glass fiber and geogrid 

on footing performance at various stages. 

1- Load Capacity at Various stages 

The results suggest that the inclusion of glass fiber 

bristles and geogrid reinforcement in footings effectively 

delays the onset of initial cracks, and the post-crack 

behavior of the reinforced footings exhibits significantly 

higher load-carrying capacities compared to the square 

footing (C), as illustrated in Figure 3. Furthermore, when 

compared to the control footing, the application of uniaxial 

geogrid reinforcement with GFRC leads to gradual 

improvements in the cracking load (Pfc), yield load (Py), 

and ultimate load (Pult). 

Footings reinforced with four layers of uniaxial geogrid 

Re 520 show significant improvements in load capacity. 

The values of cracking load (Pfc), yield load (Py), and 

ultimate load (Pult) increase by approximately 21.90%, 

19.23%, and 23.32%, respectively, compared to the 

concrete control footing (C). 

Similarly, footings reinforced with two layers of 

uniaxial geogrid Re 570 exhibit enhanced load-carrying 

capacities. The values of Pfc, Py, and Pult increase by 

approximately 22.51%, 28.50%, and 32.45%, respectively, 

when compared to the concrete control footing (C). 

Moreover, footings reinforced with four layers of 

uniaxial geogrid Re 540 demonstrate significant 

improvements in load capacity. The values of Pfc, Py, and 
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Pult increase by approximately 26.82%, 33.10%, and 

35.35%, respectively, compared to the concrete control 

footing (C). 

Lastly, footings reinforced with two layers of uniaxial 

geogrid Re 580 exhibit notable enhancements in load-

carrying capacities. The values of Pfc, Py, and Pult increase 

by approximately 34.14%, 35.79%, and 40.18%, 

respectively, when compared to the concrete control 

footing (C). 

These findings highlight the effectiveness of 

incorporating uniaxial geogrid reinforcement in improving 

the load capacity of footings and suggest that the number 

of layers and specific geogrid type play a significant role 

in enhancing the structural performance of the footings. 

Table 3: The parameters and properties of square concrete footings that have been reinforced with both steel and Uniaxial 

geogrids. 

  First crack stage Yield stage  

  

Ultimate load stage Ductility 

factor  

Energy 

absorption  

  Pf (Kn) Δf (mm) Py (Kn) Δy (mm) Pu (KN) Δu (mm) μ En (kn/mm) 

C 41.000 7.653 51.000 8.500 53.225 11.044 1.299 398.702 

S1 50.000 8.310 60.810 14.400 65.642 25.785 1.791 1309.523 

S2 50.230 9.312 65.536 15.530 70.500 27.824 1.792 1409.116 

S3 52.000 9.384 67.881 16.110 72.043 29.087 1.806 1591.158 

S4 55.000 12.312 69.253 16.900 74.615 30.738 1.819 1704.215 

 

2- Vertical displacement Across Different stages 

When compared to a control footing (C), the 

footings reinforced with uniaxial geogrid and glass 

fiber bristles demonstrate an increase in vertical 

displacement values at the cracking stage (Δfc), yield 

stage (Δy), and ultimate stage (Δult), as observed in the 

load-deflection curves. The specific increases are 

outlined as follows: 

For footings reinforced with four layers of uniaxial 

geogrid Re 520, the values of Δfc, Δy, and Δult increase 

by approximately 8.58%, 69.41%, and 133.47%, 

respectively, compared to the concrete control footing 

(C). Similarly, footings reinforced with two layers of 

uniaxial geogrid Re 570 exhibit increases in Δfc, Δy, 

and Δult values of about 21.67%, 82.70%, and 151.9%, 

respectively, in comparison to the concrete control 

footing (C). 

Furthermore, footings reinforced with four layers of 

uniaxial geogrid Re 540 demonstrate increases in Δfc, 

Δy, and Δult values of approximately 22.61%, 89.52%, 

and 163.36%, respectively, compared to the concrete 

control footing (C). Lastly, footings reinforced with 

two layers of uniaxial geogrid Re 580 exhibit 

significant increases in Δfc, Δy, and Δult values, with 

approximately 60.87%, 98.82%, and 178.32% 

increases, respectively, in comparison to the concrete 

control footing (C). 

B- Energy Absorption [En]. 

The ability to absorb high levels of energy is crucial, 

especially in scenarios such as major earthquakes, where 

effective dissipation of energy is required to mitigate 

significant dynamic responses and provide sufficient 

hysteretic damping in concrete structures. The energy 

dissipation capability of the footings under investigation 

was assessed by calculating the area enclosed by their 

load-deflection curves, as depicted in Figure 3. 

Furthermore, a comparative analysis of the footings was 

conducted based on their energy absorption capacity, 

revealing the following observations. 

The energy absorption for S1 exhibited a substantial 

increase of approximately 228.44% compared to the 

concrete control footing (C). Similarly, the energy 

absorption for S2 demonstrated a significant increase of 

about 253.42% compared to the concrete control footing 

(C). 

Furthermore, the energy absorption for S3 showed a 

remarkable increase of approximately 299.08% compared 

to the concrete control footing (C). Additionally, the 

energy absorption for S4 displayed a substantial increase 

of about 327.441% compared to the concrete control 

footing (C). 

These findings highlight the significant improvements 

in energy absorption achieved by the respective 

configurations (S1, S2, S3, and S4) when compared to the 

concrete control footing. 

C- Displacement Ductility Factor [μ]   

In this study, we examined the influence of geogrid 

reinforcement on the displacement ductility characteristics 

of concrete footings. The displacement ductility index, 

which measures the ability of structural elements to 
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withstand considerable deflections without experiencing 

significant loss in strength prior to failure, was employed 

to assess the performance of the concrete footings. 

Maintaining the strength of concrete structures above the 

yield strength and allowing for permissible plastic 

deformation, as specified in the design guidelines [21], is 

essential to ensure their resilience during seismic events. 

The Displacement Ductility factor for S1 demonstrated 

a substantial increase of approximately 37.81% compared 

to the concrete control footing (C). Similarly, the 

Displacement Ductility factor for S2 exhibited a notable 

increase of about 37.9% compared to the concrete control 

footing (C). Furthermore, the Displacement Ductility 

factor for S3 displayed a significant increase of 

approximately 39% compared to the concrete control 

footing (C). Additionally, the Displacement Ductility 

factor for S4 showcased a remarkable increase of about 

40% compared to the concrete control footing (C). 

These findings highlight the substantial enhancements 

in Displacement Ductility achieved by the respective 

configurations (S1, S2, S3, and S4) when compared to the 

concrete control footing. Furthermore, our investigation 

unveiled a direct association between the augmentation in 

displacement ductility and the tensile strength of the 

utilized uniaxial geogrids. Additionally, the inclusion of 

multiple layers of uniaxial geogrid reinforcement did not 

detrimentally impact the response of the footings, as 

evidenced by the load-deflection curves. Consequently, the 

integration of multiple layers of uniaxial geogrid 

reinforcement presents a pragmatic and efficient approach 

to enhance the overall performance of reinforced concrete 

footings. 

D. Failure Mechanism 

In the conducted tests on the concrete footings, crack 

development was observed to predominantly occur in a 

perpendicular direction to the load plate. Specifically, 

flexural cracks were observed, while shear cracks were 

absent. The failure pattern of the concrete footings was 

characterized by the widening of cracks, the appearance of 

additional cracks in certain footings, and the propagation 

of these cracks from the tension zone (located at the 

bottom surface of concrete) to the compression zone 

(located at the top surface of concrete), ultimately leading 

to failure. 

 

a- Control footing  

 

 

b- Footings with two uniaxial layers, S2 and S4 

 

 

c- Footings with four uniaxial layers, S1 and S3 

Fig.4: The observed crack patterns in the concrete 

footings. 

 

Within the control concrete footing (C), four noticeable 

cracks emerged and progressively extended until reaching 

failure. These cracks exhibited notable width, signifying 

http://www.ijaems.com/
http://creativecommons.org/licenses/by/4.0/


El-Kasaby et al.                                           International Journal of Advanced Engineering, Management and Science, 9(8) -2023 

This article can be downloaded from here: www.ijaems.com                                                                                                                                      21 
©2023 The Author(s). Published by Infogain Publication, This work is licensed under a Creative Commons Attribution 4.0 License. 

http://creativecommons.org/licenses/by/4.0/ 

significant impairment to the steel reinforcement bars upon 

reaching the load capacity that caused failure, Figure 4-a. 

In contrast, the concrete footing reinforced with two 

layers of uniaxial geogrid exhibited the presence of 

multiple smaller cracks, which were observed to propagate 

in various directions (Figure 4-b). These cracks displayed 

narrower widths, and their density notably decreased in 

footings reinforced with four layers of geogrid compared 

to those reinforced with two layers (Figure 4-c). 

Importantly, no evidence of rib cutting was observed in the 

uniaxial geogrids. Overall, the damage observed in the 

samples reinforced with uniaxial geogrids was 

significantly milder in comparison to the damage observed 

in the control samples. Thus, a direct correlation can be 

observed between the quantity and width of flexural 

cracks, the tensile strength of geogrids, and the number of 

geogrid layers, as indicated by the findings of this 

research. 

 

E. Correlation between Square Footing Moment and 

Geogrid Reinforcement 

The study aims to explore the relationship between the 

applied moment on a square footing and the effectiveness 

of using uniaxial geogrids as reinforcement. By analyzing 

various factors such as load distribution and geogrid 

properties. The findings of this analysis will contribute to a 

better understanding of the interaction between footing 

moments and geogrid reinforcement, aiding in the 

development of more efficient and reliable geotechnical 

design practices. 

The calculation of the ultimate moment (Mu) and 

the required area of geogrid (Ag) for all groups of square 

footings has yielded conclusive results, Fig. 5. In order to 

establish a correlation between the ultimate moment (Mu) 

and the required area of geogrid (Ag) for different square 

footings (S 1 to S 4), data-fit software was employed. This 

software allowed for the analysis of the relationship 

between Mu and Ag. Consequently, an empirical formula 

can be derived from these results as given in (Eq.1). 

𝑨𝒈 = 𝜹 ∗ 𝒆𝝈∗
𝑴𝒖

𝒅 = 𝑵 ∗ 𝑳 ∗ Tult   (1) 

In the provided context, the variables in the equation 

have specific meanings. Here are their explanations: 

• Ag: Total ultimate strength of the uniaxial geogrid 

on the square footing (Kn). 

• Mu: Ultimate moment exerted on the footing 

(Kn.m). 

• d: Depth of the square footing (m). 

• δ: Value of 3 for reinforced concrete mixture and 

2.1608 for glass fiber reinforced concrete mixture 

(Constant values). 

• σ: Value of 0.106 for reinforced concrete mixture 

and 0.1204 for glass fiber reinforced concrete 

mixture (Constant values). 

• N: Number of geogrid layers. 

• L: Length of geogrid within the footing (m). 

• Tult: Tensile strength of the uniaxial geogrid used 

(Kn/m). 

These points provide a concise overview of the variables 

and their respective meanings. 

 

Fig. 5: Correlation between (Mu/d) and Required 

Area of uniaxial Geogrid (Ag) for Different footings. 

 

IV. CONCLUSION 

1- Uniaxial geogrid reinforcement with GFRC 

significantly enhances the load capacity of 

footings, with improvements in cracking load 

(Pfc), yield load (Py), and ultimate load (Pult) 

ranging from approximately 19.23% to 40.18% 

compared to the concrete control footing. 

2- Geogrid reinforcement substantially improves the 

displacement ductility of footings, with notable 

increases in Δfc, Δy, and Δult values ranging from 

approximately 8.58% to 178.32% compared to 

the concrete control footing. 

3- Geogrid reinforcement leads to substantial 

improvements in energy absorption capacity, with 

increases ranging from approximately 228.44% to 

327.441% compared to the concrete control 

footing. 

4- Geogrid reinforcement positively impacts the 

Displacement Ductility factor, with increases 

ranging from approximately 37.81% to 40%, 

enhancing the structural element's capacity to 

endure significant deflections without strength 

reduction. 

14.00

15.00

16.00

17.00

18.00

19.00

20.00

15.50 16.50 17.50 18.50

A
g

Mu/d Kn

GFRC Expon. (GFRC)

http://www.ijaems.com/
http://creativecommons.org/licenses/by/4.0/


El-Kasaby et al.                                           International Journal of Advanced Engineering, Management and Science, 9(8) -2023 

This article can be downloaded from here: www.ijaems.com                                                                                                                                      22 
©2023 The Author(s). Published by Infogain Publication, This work is licensed under a Creative Commons Attribution 4.0 License. 

http://creativecommons.org/licenses/by/4.0/ 

5- Geogrid reinforcement effectively mitigates crack 

development, reducing crack width and damage 

to steel bars, improving the overall structural 

integrity of the concrete footings. 

6- An empirical formula was developed to establish 

a relationship between the ultimate moment (Mu) 

and the required area of geogrid (Ag) for square 

footings. 

In summary, the study highlights the significant benefits 

of utilizing uniaxial geogrid reinforcement in enhancing 

the load capacity, displacement ductility, energy 

absorption, and crack mitigation in concrete footings. 

These findings contribute to the advancement of 

engineering practices and offer valuable insights for 

designing and constructing resilient structures in various 

applications. 
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