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Abstract 

Geogrids are categorized as one of the geosynthetics materials that are used for soil stabilization and reinforcing of 

earth structures such as earth walls and dams. This research investigated the effect of using uniaxial geogrids as 

additional reinforcement, in addition to, steel fibers in the concrete mix, on the flexural behavior of beams. The 

experimental research work comprised of testing thirteen simply supported reinforced concrete (R.C) beams which 

were tested up to failure under four-point loading. The variables of this study are: the volume of steel fibers (0.0, 

0.5, 1.0 %), number of geogrid layers (one, two, and three layers), the shape of the geogrid layers, and the 

longitudinal reinforcement percentage. The mid-span deflection, failure loads, ductility, crack patterns, steel, 

concrete and Geogrid strains of the beams were reported and compared. The test results concluded that the addition 

of Geogrid layers as a reinforcing technique proved to be an effective tool to improve the flexural behavior of R.C 

beams and improve the cracking patterns. The number of geogrid layers used in the beams plays a significant effect 

in increasing the failure loads and decreasing the deflections of the beams. The addition of steel fibers in R.C 

beams, in addition to, Geogrid layers increases the cracking loads, failure loads and reduces the deflection of beams 

at failure loads. Increasing the fiber content from (0.5%) to (1%) had a slight effect on increasing the maximum 

carrying capacities of the beams. Addition of U-shaped Geogrid layers had a considerable effect on increasing the 

failure loads rather than the addition of Geogrid layers in the tension zone only. 

 
Keywords :  Beams, Flexural behavior; Geogrids and Steel fibers.

1.  Introduction 

         Geogrids are a geosynthetics material made 

from polymers like polyester, polypropylene, and 

polyethylene [1,2].  

Geogrids are used as stabilization and strengthening 

elements of soil and important civil works. Geogrids 

are now being used as a reinforcement material for 

pavement networks, and reinforcing parts of asphalt 

layers in particular.  

Geogrids are being explored for their potential as 

being used as a replacement of rigid pavements 

because of their significantly greater strength-to-
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weight ratio, comparatively low cost, and ease of 

handling [3]. Three major categories of geogrids are 

(uniaxial, biaxial, and triaxial) geogrids. The 

classifications of geogrids are shown in Figure 1. 

Uniaxial geogrids are used in steep slopes and 

retaining walls and can mostly be used for grade 

separation purposes, whereas biaxial and triaxial 

geogrids are utilized mostly for roadway applications 

[4]. 

                  a                                    b 

 
c 

Fig.1 The types of geogrids. 

 

Chehab and El-Meski (2014) [4] used different types 

of geogrids in order to study samples of concrete 

beams tested under four-point loading. All geogrid 

reinforced specimens showed a significantly greater 

deflection at maximum load, showing the behavior 

of ductile post cracking compared to the load 

deflection of control specimens. Geogrids makes 

building easier because they could be installed under 

any climatic conditions and enable the unsuitable soil 

to be better prepared for requirements of building 

[1,5]. The using of geogrid increases the amount of 

available land by allowing for the construction of 

steep slopes or walls, allowing a highway to be built 

on the ground under weak conditions. Finally, 

geogrids have been used as reinforcements in 

networks of pavements, especially for material 

stabilization in unbound surfaces, and element 

reinforcement in layers of the asphalt [6–11]. 

Many researches have examined the behavior of 

strengthened or reinforced concrete elements with 

FRP like glass and carbon fibers [12–15]. To 

evaluate the effectiveness of geogrids in preventing 

cracking, Itani, et al. (2016) [16] used uniaxial 

geogrid thin concrete overlays. The research results 

reported that geogrids layers assisted concrete with 

extra load capacity after cracking and ductility. 

Geosynthetics have widely been used in geotechnical 

applications. They are utilized as reinforcement 

elements to achieve stabilization of soil [17].  

Geogrids have been effectively utilized to enhance 

soft subgrades and provide a construction platform 

over them [18, 19]. Al-Hedad, et al. (2017) [20] 

studied beam and slab specimens reinforced with 

biaxial geogrid layers to evaluate the effect of 

geogrid usage on the drying shrinkage behavior 

concrete pavements. The research results concluded 

that geogrids reduced the drying shrinkage strains by 

7 % to 28 % compared to control concrete samples. 

Chidambaram and Agarwal (2014) [21] studied the 

behavior of cylindrical specimens under flexural and 

compressive loading to stabilize concrete samples 

with geogrids. The results indicated that the use of 

geogrid layers in concrete specimens showed much 

improvement in the concrete behavior relative to 

standard reinforcements.  

Kim, et al. (2008) [22] studied the behavior 

of R.C samples using one and two layers of flexible 

and rigid biaxial geogrids. The results concluded that 

the rigid geogrids have better results compared to 

flexible geogrids. Beebi and Visweswara. [23], 

Santosh, et al. [24], Shobana and Yalamesh [25], 

Rakendu and Manoharan [26], and Ghodmare, et al. 

[27] examined the behavior of reinforced beams with 

geogrids. The results of these researches were: 

• The number of geogrid layers and geogrid 

strength significantly effects load deflection and 

flexural strength. 

• Compared to beams reinforced without 

geogrids, geogrid reinforcement enhances ductile 

behavior, deflection, and flexural strength. 

• Uniaxial, biaxial and triaxial geogrids provided 

post-cracking in beams like   steel. 

• By using the geogrids in beams, deflection can 

be decreased. 

Ahmed Shaban Abdel-Hay (2019) [28] studied 

different types of geogrids to strengthen reinforced 

concrete slabs. It was found that, compared to 

traditional strengthening techniques, geogrids can be 

considered as a useful alternative material for 

strengthening reinforced concrete slabs. The use of 

geogrids as a reinforcement technique increased the 

slabs' flexural strength and decreased the deflection 

at failure load. 

In additional of using geogrids and steel fibers for 

strengthening reinforced concrete beams, there are 

many materials also used for that purpose such as 

ferrocement [29]. 

2. Properties of Materials 

A detailed description of the materials used in the 

present research work are here-in presented. The 

properties of concrete, steel fibers, and geogrids 

materials are summarized as follows. 

2.1. Reinforced concrete materials 

The properties of cement, coarse aggregate, sand 

and steel used in the reinforced concrete beam 

specimens were tested according to ECCP 203-2020 

[30].  
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Table 1. Concrete mix content by weight for one cubic 

meter of concrete. 

Material Quantity 

Cement (Kg/ m3) 360 

Sand (Kg/ m3) 685 

Water (Liter/ m3) 190 

Coarse aggregate (Kg/ m3) 1120 

Admixture (Liter/ m3) 0.5 

 

A total of 39 samples were used for the tested 

mixture. Three cubes with dimensions 150 x150x150 

were used for every sample. The concrete strength 

was determined by testing the cubes after 28 days. 

The cube compressive strength of the concrete was 

40MPa after 28 days. Deformed high tensile steel 

bars of 10 and 12 mm diameter with yield strength of 

360 MPa and ultimate strength of 520 MPa was used. 

The modulus of elasticity of reinforcing bars was 

2.1x103 MPa.  

2.2. Steel fibers 

      Steel fibers are reinforcement materials made 

of cold drawn wire and then shaped to improve 

concrete mechanical properties. Corrugated Round 

Steel Fibers used in the experimental program were 

manufactured by Nassar group (MF) company and 

have the following properties. The length of each 

fiber was 50mm. The diameter was 1mm and the 

tensile strength was 1100 N/ mm2. Fig. 2 shows the 

steel fiber details. 

2.3. Geogrids 

      Uniaxial geogrids with a tensile strength of 

160 [kN/m] was used in this study. Uniaxial geogrids 

used in the experimental program were manufactured 

by (Geos) company. Figure 3 shows the uniaxial 

geogrids used in the experimental work. Uniaxial 

geogrids are manufactured with a unique extrusion 

technology using high-quality polymers, high tensile 

modulus, great interlock capacity and junction 

strength, and superior long-term design strength and 

durability. Geogrid properties are shown in Table.2. 

 

Fig.2 Steel fibers used in all specimens 

 

 
Fig.3 Uniaxial geogrids used in specimens 

 
Table 2. physical and Mechanical properties of geogrid 

Component Description Unit 

Uniaxial 

Tensile Strength at (2% 

strain) 

45 kN/m 

Tensile Strength at (5% 

strain) 

90 kN/m 

Peak tensile strength 160 kN/m 

Yield point elongation 13 % 

Junction strength 130 kN/m 

3. Experimental work 

The experimental study was examined the 

flexural behavior of R.C beams reinforced with 

uniaxial geogrids and steel fibers. Specimens were 

tested under four-point loads. All specimens were 

constructed in the R.C. laboratory of the Housing and 

Building National Research Center. One concrete 

mix has been used. The specimens were removed and 

cured by wet canvas for 28 days before testing. 

3.1. Specimen details 

     A total of thirteen specimens with and without 

geogrids and steel fibers were tested. All tested 

beams were of a constant cross-section of 150×300 

mm and total length 2100 mm. Beams were 

supported with an effective span 1900 mm. The 

specimens were divided into four groups, in addition 

to, the control specimens B1 and B2. Group A (B3, 

B4, and B5) were reinforced with a volume of steel 

fiber (1%) and uniaxial geogrid layers from one to 

three layers, respectively.  

Group B (B6, B7, and B8) have different 

longitudinal steel reinforcement than Group A; 

where specimen B6 was reinforced with a volume of 

steel fiber (1%) and without geogrid layers. 

Specimens (B7 and B8) were reinforced with a 

volume fraction of steel fiber (1%) and uniaxial 

geogrid layers were used from one to two layers, 

respectively.  

Group C (B9, B10, and B11) were reinforced with 

a volume of steel fiber (0.5%) and using uniaxial 

geogrids one to three layers, respectively. Specimens 
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in Group D (B12 and B13) were reinforced with a 

volume of steel fiber (1%) and using uniaxial geogrid 

layers one and two layers (U shaped) having a leg of 

200mm extending on each side. 

The strain of the lower longitudinal bars and 

geogrid layers were measured using an electrical-

resistance strain gauge 10 mm in length attached at 

mid-span. An automatic data-logger system 

connected to a computer was used to monitor 

deflection, loading, and strains in the reinforcement.  

All specimens were reinforced with two steel bars 

of 10 mm diameter as longitudinal bottom 

reinforcement, two steel bars of 10 mm diameter as 

top reinforcement, and 8 mm diameter stirrups at 100 

mm center to center spacing as reinforcement for 

shear; except Group B which were reinforced with 

three steel bars of 12 mm diameter as longitudinal 

bottom reinforcement and two steel bars of 10 mm 

diameter as top reinforcement. The specimens were 

reinforced with uniaxial geogrids at its bottom. The 

spacing between geogrid layers is 8 mm. The volume 

of steel fiber in the concrete mix was 0.5% and 1%. 

Figure 4 and Table 3 illustrate the details of the tested 

specimens. 
 

Table 3. Test specimens’ classification 

 

Group 

 

Specimen 

 

No of layer 

(geogrid) 

 

Fiber content 

Vf (%) 

 

Bottom 

RFT 

 

Top 

RFT 

 

Stirrups 

Control 

 

Control 

B1 

---- 
0% 

2 ø 10 2 ø 10 10 ø 8 

B2 1% 2 ø 10 2 ø 10 10 ø 8 

 

 

A 

 

B3 1 1% 2 ø 10 2 ø 10 10 ø 8 

B4 2 1% 2 ø 10 2 ø 10 10 ø 8 

B5 3 1% 2 ø 10 2 ø 10 10 ø 8 

 

 

B 

 

B6 ---- 1% 3 ø 12 2 ø 10 10 ø 8 

B7 1 1% 3 ø 12 2 ø 10 10 ø 8 

B8 2 1% 3 ø 12 2 ø 10 10 ø 8 

 

 

C 

B9 1 0.5% 2 ø 10 2 ø 10 10 ø 8 

B10 2 0.5% 2 ø 10 2 ø 10 10 ø 8 

B11 3 0.5% 2 ø 10 2 ø 10 10 ø 8 

 

D 

B12 1 

(U shape) 

1% 2 ø 10 2 ø 10 10 ø 8 

B13 2 

(U shape) 

1% 2 ø 10 2 ø 10 10 ø 8 
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Fig.4 Tested specimens geometry and details. 

 

3.2. Test setup 

The tested specimens were simply supported, 

2100 mm long, with an effective span of 1900 mm. 

Test specimens were loaded at their middle with two-

point loads 400 mm apart. The load was applied 

using a hydraulic jack monitored by a load cell of 

500-ton capacity. Figure 5 shows the test set-up and 

instrumentation. Test specimens were tested to 

measure the ultimate loads, deflections, steel 

reinforcement strains, and geogrid strains. During 

testing, the deflections at the mid-span were 

measured with a linear variable displacement 

transducer "LVDT". The data was recorded by a 

computerized data logger. 

 

 
 

Fig.5 Test set-up.  

4. Experimental results and discussion 

4.1. Failure modes and crack patterns 

 

      The specimens were experimentally tested for 

flexure by applying four-point loading tests. The 

failure type was recorded as a flexure failure for all 

beams. Generally, initial cracks for all tested beams 

appeared in the beam mid-span at the flexural region 

followed by consecutive cracks away from this 

region in the direction of supports with increasing 

loads. Increasing load values led to deeper and 

widened cracks with a major flexural crack in the 

maximum moment area at the failure load level. At 

failure, spalling of the concrete cover took place and 

the cover started to separate and pieces of concrete 

fell to the ground. 

Using (1%) of steel fiber for the control specimen 

B2 delayed the appearance of the first cracking with 

reference to the non-fibrous specimen B1 by 39%. 

Increasing the geogrid layers delayed the 

appearance of the first crack by 5% and 14% for 

beams B4 and B5 when compared to B3. Also, 

increasing the steel reinforcement ratios resulted in 

less spread cracks and less visual crack width. 
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Figure. 6 shows the failure modes of the tested 

beams. 

For group A: For beams (B3), (B4), and (B5) 

reinforced with one, two, and three geogrid layers 

and a volume of steel fiber (1%); the initial crack 

appeared at the bottom surface at loads of 45, 47, and 

51 kN. By increasing the load, cracks propagated up-

to the specimen's top surface till the failure occurred 

at loads of 88, 95, and 101 kN. The failure type was 

recorded as a flexure failure for specimens B3, B4 

and B5. 

For group B: Beams (B6), (B7), and (B8) were 

reinforced with one, two, and three geogrid layers 

and a volume of steel fiber (1%) and reinforced with 

3 Ø 12 as longitudinal steel reinforcement. The initial 

crack appeared at the bottom surface at loads of 65, 

69, and 72 kN. As the load increased, cracks 

propagated until failure loads of 142, 146, and 153 

kN. The failure type was recorded as a flexure failure 

for specimens B6 and B7. The failure type was 

recorded as a compression flexure failure for 

specimen B8. 

For group C: Beams (B9), (B10), and (B11) were 

reinforced with one, two, and three geogrid layers 

and a volume of steel fiber (0.5%). The initial crack 

appeared at the bottom surface at loads of 35, 39, and 

44 kN. As the load increased, cracks propagated until 

failure loads of 84, 89, and 94 kN. The failure type 

was recorded as a flexure failure for specimens B9, 

B10 and B11. 

For group D: Beams (B12) and (B13) were 

reinforced with one and two geogrid layers (U-

shaped) and a volume of steel fiber (1%). The initial 

crack appeared at the bottom surface at loads of 50 

and 54 kN. As the load increased, cracks propagated 

until failure loads of 96 and 102 kN. The failure type 

was recorded as a flexure failure for specimens B12 

and B13. 

Specimen B1 

Specimen B2 

 

Specimen B3 

Specimen B4 

Specimen B5 

Specimen B6 

Specimen B7 
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Specimen B8 

 

Specimen B9 

 

Specimen B10 

 

Specimen B11 

Specimen B12 

Specimen B13 

 
Fig.6 Crack pattern of the tested beams. 

 

4.2. Failure loads 

All specimens were tested up-to failure. The 

maximum load and the corresponding deflection at 

failure for the tested specimens were determined 

during the experimental program. Table 4 shows the 

experimental results for all the tested specimens. 

 

4.2.1 Effect of the addition of geogrid layers 

on failure loads 

The failure load of group (A) were 

increased by 7.3%, 15.9% and 23.2%, 

for beams B3, B4, and B5, respectively; 

compared to the control specimen B2. 

Group (C) were increased by 2.5%, 8.5% 

and 14.6%, for beams B9, B10, and B11 

respectively; and for group (D) the 

increase was  17% and 24.4% for beams 

B12 and B13, respectively. Thus, the 

addition of geogrid layers had a 

significant effect on increasing the 

failure loads.  

The failure load of group (B) (with 

0.75% steel reinforcement) was 

increased by 73%, 78% and 86.6%, for 

beams B6, B7, and B8, respectively, 

compared to the control specimen B2. 

 

4.2.2 Effect of increasing the number of 

geogrid layers on failure loads 

       Figure7. shows a comparison 

between the failure loads of B3 

(reinforced with one layer of geogrid), 

B4 (reinforced with two layers of 

geogrid) and B5 (reinforced with three 

layers of geogrid). The failure load of B4 

was increased by 7.9% compared to B3 

while the failure load of B5 was 

increased by 14.8% compared to B3.  

Figure7. shows a comparison 

between the failure loads of B9 

(reinforced with one layer of geogrid and 

0.5 % of steel fiber), B10 (reinforced 
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with two layers of geogrid and 0.5% of 

steel fiber) and B11 (reinforced with 

three layers of geogrid and 0.5% of steel 

fiber). The failure load of beams B10 and 

B11 were increased by 5.9% and 11.9% 

compared to B9.  

Thus, increasing the number of 

geogrid layers has a considerable effect 

on increasing the failure loads.  

 

4.2.3 Effect of the addition of steel fibers on 

the failure loads 

Figure 7. shows a comparison 

between the failure load of the control 

specimen B1 (without steel fiber and 

without geogrid layers) and the failure 

load of the control specimen B2 (without 

geogrid layers but with 1% steel fiber). 

The failure load of specimen B2 was 

increased by 6.5% compared to the 

control specimen B1. 

Increasing the fiber content, in the 

presence of geogrid layers, resulted in a 

slight increase of the failure loads for the 

specimens. Figure7. shows a comparison 

between group (A) and group (C). The 

failure load of B3 was increased by 4.7% 

compared to B9, the failure load of B4 

was increased by 6.7% compared to B10 

and the failure load of B5 was increased 

by 7% compared to B11.   

Thus, the increase of fiber content from 

(0.5%) to (1%) have a slight effect on 

increasing the maximum carrying 

capacities of the beams. 

 

4.2.4 Effect of the addition of U-shaped 

geogrid layers on the failure loads 

Using )U(-shaped geogrid layers 

resulted in an increase of the failure 

loads for the specimens. Figure7. shows 

a comparison between group (A) and 

group (D). The failure load of B12 was 

increased by 9.1% compared to B3, and 

the failure load of B13 was increased by 

7.4% compared to B4. 

 Thus, the addition of U-shaped geogrid 

layers has a considerable effect of 

increasing the failure load rather than the 

addition of geogrid layers in the tension 

zone only. 

 

 

 

 

 

 

 

Fig.7 Comparison of ultimate loads of specimens. 

 

4.3. Load-mid span deflection 

     The comparison between each group of the 

specimens and the control specimens is plotted in 

Figure 8, 9, 10, and 11. These figures show the 

results of applied loads versus the mid-span 

deflection for the control beams with and without 

steel fiber and beams with and without layers of 

geogrid, respectively. Adding steel fiber in concrete 

results in a considerable decrease in deflection. The 

deflection at failure load for B2 equals was decreased 

by 9.7% compared to the control specimen B1.  

 

4.3.1 Effect of the addition of geogrid layers on 

deflection 

      Figure12. shows a comparison 

between the deflection of the control 

specimen B2 and the deflection of all 

specimens. The deflection of group (A) was 

decreased by 13.3%, 24% and 34.1%, for 

beams B3, B4, and B5, respectively, 

compared to the control specimen B2. The 

deflection of group (C) was decreased by 

5.8%, 16.9% and 23.3%, for beams B9, 

B10, and B11, respectively, compared to 

the control specimen B2. The deflection of 

group (D) was decreased by 26% and 

34.5%, for beams B12 and B13, 

respectively, compared to the control 

specimen B2. 

 

Thus, the addition of geogrid layers had a 

significant effect on decreasing the 

deflections at failure loads.  

The deflection of group (B) (with 0.75% 

main steel reinforcement) was decreased by 

47.4%, 58.3% and 65.6%, for beams B6, 

B7, and B8, respectively, compared to the 

control specimen B2.  

 

4.3.2 Effect of increasing the number of geogrid 

layers on deflection 
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       Figure12 shows a comparison 

between the deflection of B3, B4 and B5. 

The deflection of B4 was decreased by 

12.3% compared to B3. The deflection of 

B5 was decreased by 23.9% compared to 

B3.  

Figure12 shows a comparison between the 

deflection of B9, B10 and B11. The 

deflection of B10 was decreased by 11.8% 

compared to B9 while the deflection of B11 

was decreased by 18.5% compared to B9.  

Thus, using three layers of geogrid layers 

have a significant effect on decreasing the 

deflection. 

 

4.3.3 Effect of the addition of steel fibers on the 

deflection 

Figure 12 shows a comparison between 

the deflection of the control specimen B1 

and the deflection of the control specimen 

B2. The deflection of B2 is less than that of 

the control specimen B1 by 9.8%. 

Increasing the fiber content, in the presence 

of geogrid layers, resulted in a considerable 

decrease of deflection for the specimens. 

Figure 12 shows a comparison between 

group (A) and group (C). The deflection of 

B3 was decreased by 7.9% compared to B9. 

The deflection of B4 decreased by 8.5% 

compared to B10 while the deflection of B5 

was decreased by 14% compared to B11.   

Thus, the increase of fiber content from 

(0.5%) to (1%) have a considerable effect 

on decreasing the deflection. 

4.3.4 Effect of the addition of U-shaped geogrid 

layers on the deflection 

Using U-shaped geogrid layers resulted 

in a decrease of deflection for the 

specimens. Fig.12 shows a comparison 

between group (A) and group (D). The 

deflection of B12 was decreased by 14.6% 

compared to B3 and the deflection of B13 

was decreased by 13.8% compared to B4.  

 

Thus, the addition of U-shaped geogrid 

layers have a considerable effect on 

decreasing the deflection rather than the 

addition of geogrid layers in the tension 

zone only. 

 

 

 

 

 

 

 

 

Fig.8 Load-deflection curve of a group (A) 

 

Fig.9 Load-deflection curve of a group (B). 

 

Fig.10 Load-deflection curve of a group (C) 

 

Fig.11 Load-deflection curve of a group (D). 
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Fig.12 Comparison of ultimate deflections of specimens. 

 

Table 4. Test results. 
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Control 

 

 

Control 

B1 
30 77 

--- 52.23 --- 9.65 3758.8 

B2 
42 82 

--- 47.12 --- 7.83 3513.8 

 

 

A 

 

B3 
45 88 

7.3 40.82 13.3 6.99 3306.2 

B4 
47 95 

15.9 35.79 24 5.42 3119.5 

B5 
51 101 

23.2 31.04 34.12 3.44 2750.9 

 

 

B 

 

B6 
65 142 

73 24.75 47.4 2.80 2539.2 

B7 
69 146 

78 19.67 58 2.18 2033.1 

B8 
72 153 

86.6 16.18 65.6 1.90 1659 

 

 

C 

B9 
35 84 

2.5 44.36 5.8 7.27 3496.6 

B10 
39 89 

8.5 39.12 16.9 5.82 3315.2 

B11 
44 94 

14.6 36.13 23.3 3.46 3089.5 

 

D 

B12 50 96 17 34.84 26 3.01 3252.9 

B13 54 102 24.4 30.85 34.5 1.78 2824.9 
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4.4. Energy Absorption (Toughness) 

Toughness is the area under curve up to fracture, 

as shown in Fig.13. The presence of geogrids and 

steel fiber in the beams results in a significant 

decrease in its toughness. The toughness of the 

control beam (B1) was decreased by 6.5% compared 

to the control beam B2. The toughness for group A 

(beams B3, B4, and B5) was smaller than that of B2, 

respectively, by 5.9 %, 11.2%, and 21.7%.  

For group (B), the toughness for B6, B7, and B8 

was smaller than B2, respectively, by 27 %, 42.2 %, 

and 52.8 %. For group (C), the toughness for B9, 

B10, and B11 was smaller than B2, respectively, by 

3 %, 5.6 %, and 12%. For group (D), the toughness 

for B11 and B12 was smaller than B2, respectively 

by 7.4% and 19.5%. 

Fig.13 Toughness 

 

4.5. Ductility 

Ductility is the ability of a material to sustain 

plastic deformation before failure. Ductility is a 

special form of deformability. Ductility has many 

definitions, among standard inductors of ductility is 

the ratio between deflection at failure and deflection 

at yield load. This inductor is shown in Table 5. 

 

Ductility=∆_ultimate/∆_yield 

 

Table 5. Comparison of ductility ratio of specimen’s 

test results. 

Test 

beam 

∆yield  

(mm) 

∆ultimate 

(mm) 

Ductility ratio 

Absolute 
Relative 

to B1 

B1 5.40 52.23 9.65 1 

B2 6.01 47.12 7.83 0.81 

B3 5.83 40.82 6.99 0.72 

B4 6.60 35.79 5.42 0.56 

B5 8.99 31.04 3.44 0.36 

B6 8.82 24.75 2.80 0.3 

B7 8.99 19.67 2.18 0.23 

B8 8.48 16.18 1.90 0.2 

B9 6.10 44.36 7.27 0.76 

B10 6.71 39.12 5.82 0.61 

B11 10.43 36.13 3.46 0.36 

B12 11.54 34.84 3.01 0.31 

B13 17.25 30.85 1.78 0.18 

4.6. Nominal moment 

The experimental moment capacity (Mexp.) for all 

the beams was estimated using the equation 

(P/2*0.75=0.375 P kN.m) [31], where P is the failure 

load and the shear span equals 0.75 m. the 

experimental results were compared with that 

calculated ACI design code equations [32]. ACI-

code 318–19 [32] presented an equation to calculate 

the nominal moment (Mn) of an R.C rectangular 

beam of a cross-section (b*t). The assumptions to 

predict the nominal flexural strength were 

considered. The equilibrium equation can be 

calculated as follows: 

Cc=Ts+Tf+Tg                                                    (1)  

                                                                                 

The compression force of concrete (Cc) can be 

calculated depending on the rectangular cross section 

which is estimated as: 

Cc=Ϭec*Ac                                                          (2)  

                                                                                                                         

The compressive strength of concrete (Ϭec) can be 

defined as:   

Ϭec=α*fcu                                                           (3) 

                                                                                        

According to ACI-code 318–19 [32], the 

coefficient (α) is assumed to be 0.85. Also, the area 

of compression zone (Ac) was calculated as:  

Ac=b*a                                                             (4)  

                                                                             

The depth of the rectangular cross section (a) was 

calculated as: 

a=β*C                                                               (5)   

                                                                           

Factor (b) should not be more than 0.85 and 

should not be less than 0.65 [32]. It was calculated 

as:   

β=0.85-0.05[(fcu-28)/7]                                      (6) 

                                                                   

Cc can be defined as: 

Cc=0:85*fcu*b*a                                                 (7)   

 

Ts=As*fy                                                              (8)                                                                                                      

Tf=1.64Vf*(Lf/Φ)b(t–c)                                     (9)                                                                                

Tg=Ag*fg                                                           (10)  

                                                                                            

According to ACI Committee 544 [33]. Ϭt can be 

estimated as: 

Ϭt=0.00772*L/df*pf*fbe                                                         (11) 

                                                                  

The bond efficiency of the fiber (fbe) varies from 

1.0 to 1.2 depending upon fiber characteristics [34]. 

The nominal moment (Mn) can be estimated as: 
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Mn=[(As*fy+Ag*fg)][d-a/2]+Ϭt*b(t-

e)*[t/2+e/2+a/2][31]                                   (12)  

     

The analysis procedure for calculating Mn. can be 

easily implemented by hand calculations or a 

spreadsheet. Mn. was calculated for all beam 

specimens using Eq. (12).  

Table 6 shows the comparison of the experimental 

and the nominal flexural strength.                                                     

The conclusions found that good agreement 

between the nominal and the experimental flexural 

strength. The average ratio of [Mu, exp./Mn.] for the 

tested 

beams are 1.045 with 0.282 standard deviation. 

5. Conclusions 

For the range of the studied parameters, the major 

conclusions derived from this research can be 

summarized as follows: 

 

1. Addition of uniaxial geogrids as a 

reinforcing technique proved to be an 

effective tool to improve the beams' flexural 

behavior and improve the cracking patterns. 

2. Addition of geogrid layers has a significant 

effect of increasing the failure loads. The 

failure load increased by 7.3%, 15.9% and 

23.2% by adding one, two and three geogrid 

layers respectively, compared to the control 

specimen without any geogrid layers. 

3. Using geogrid layers has a significant effect 

on decreasing the deflection. The deflection 

of group (A) was decreased by 13.3%, 24% 

and 34.1%, by adding one, two and three 

geogrid layers respectively, compared to the 

control specimen without any geogrid 

layers. 

4. Addition of geogrid layers as U-shaped has 

a considerable effect on increasing the 

failure load compared to the addition of 

geogrid layers in the tension zone only. By 

using U-shaped geogrid layers, the failure 

load increased by 17% and 24.4% by adding 

one and two U-shaped geogrid layers 

respectively, compared to the control 

specimen without any geogrid layers. 

5. Addition of geogrid layers as U-shaped has 

a considerable effect on decreasing the 

deflection compared to the addition of 

geogrid layers in the tension zone only. By 

using U-shaped geogrid layers, the 

deflection decreased by 26% and 34.5% by 

adding one and two U-shaped geogrid 

layers respectively, compared to the control 

specimen without any geogrid layers. 

6. Addition of steel fiber in R.C beams 

increases the cracking loads, failure loads 

and reduces the deflection of beams at 

failure loads. 

7. Increasing the fiber content from (0.5%) to 

(1%) increases the failure load of the beams 

slightly in the presence of geogrid layers. 

Increasing the fiber content increases the 

failure load by 5%, 7 % and 8% when one, 

two and three layers were used respectively. 

8. Increasing the fiber content from (0.5%) to 

(1%) had a considerable effect of 

decreasing the maximum deflection of the 

beams. Increasing the fiber content 

decreased the maximum deflection by 8%, 

8.5 % and 14 % when one, two and three 

layers were used respectively. 
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Table.6 Nominal and Experimental Flexural Strength. 
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