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Abstract— This topic describes the flexural behavior of geo- 

grid reinforced concrete beam  with  distributed  steel  fibers. 

A geo-grid is a geosynthetic material used to reinforce soils and 

similar materials. Geo-grids are commonly made of polymeric 

materials such as polyester, polyvinyl alcohol, polyethylene or 

polypropylene. These geo-grids are classified as either uniaxial 

or bi-axial. Here there is no transverse reinforcement used. So 

add some amount of steel fiber to improve the shear strength. 

The experimental investigation consists of casting and testing 3 

geo-grid reinforced beam and two control beam subjected to 

two point loading. Beam for 1 layer, 2 layers & 3 layers of bi- 

axial geo-grid are casted for testing. The two point load test on 

geo-grid beams reveals that strength of geo-grid and number of 

layers plays a crucial role in enhancing load- deflection 

behavior and flexural strength. Test result indicate that geo- 

grid with distributed steel fiber can be used an alternative 

material for steel in structural members. 
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I. INTRODUCTION 
Concrete is the most common and widely used structural 

material in the construction world. It is more versatile but 
modern day engineering structures require more demanding 
concrete owing to the huge applied load on smaller area and 
increasing adverse environmental conditions. Geosynthetics 
is the term used to describe a range of generally polymeric 
products used to solve civil engineering problems. The term 
is generally regarded to encompass six main product 
categories: Geotextiles, geo-grids, geo-nets, geo- 
membranes, geo-foam and geo-composites. Geosynthetics 
are available in a wide range of forms and materials, each to 
suit a slightly different end use. These products have a wide 
range of applications and are currently used in many civil, 
geotechnical, transportation, hydraulic, and private 
development applications including roads, airfields, 
railroads, and embankments, retaining structures, reservoirs, 
canals, dams, erosion control, sediment control, landfill 
liners, landfill covers, mining, aquaculture and agriculture. 
Geo-grids can be categorized as geosynthetic materials that 
are used in the construction industry in the form of a 
reinforcing material. It can be used in the soil reinforcement 
or used in the reinforcement of retaining walls and even 
many applications of the material are on its way to being 
flourished. The high demand and application of geo-grids in 
construction are due to the fact that it is good in tension and 
has a higher ability to distribute load across a large area. 
The geosynthetic materials, geo-grids, are polymeric 
products which are formed by means of intersecting grids. 
The polymeric materials like polyester, high density 
polyethylene and polypropylene are the main composition 

of geo-grids. In considering aperture shape and rib direction, 
there are three major types of geo-grids used for 
reinforcement and interlayers: uniaxial, bi-axial, and tri-axial 
(Fig.1). The tri-axial geo-grid is a relatively newer product 
compared to other geo-grid types and is distinguished by 
triangular apertures with ribs oriented in three equilateral 
directions. 

 

Fig. 1. Bi-axial geo-grid 

Uniaxial geo-grids exhibit high tensile strength in their 
unidirectional ribs, while biaxial geo-grid ribs have tensile 
strengths in two directions and are often referred to as 
machine direction and cross direction. Tests conducted on 
biaxial geo-grids have shown that they cannot provide a 
uniform tensile strength when subjected to tension in 
different directions, particularly for subgrade stabilization 
and reinforcement applications. It is believed that this 
deficiency led to the development of geo-grids consisting of 
triangular ribs. The flexural behaviour of lightweight oil 
palm shells concrete slab reinforced with geo-grid has been 
studied and found with increase in the layers of geo-grid the 
flexural strength has been enhanced. The geo-grid 
encasement in the columns is studied and the confining effect 
of geo-grid on the mechanical properties of concrete 
specimens with steel fibre under compression and flexure. 
The flexural and shear behaviour of geo-grid confined 
reinforced concrete beams with steel fibre reinforced  
concrete is studied. Little research, however, has been 
performed on their use as reinforcement in thin ordinary 
portland cement concrete members and overlays in pavement 
and other structures where steel reinforcement cannot be 
placed due to constructability and durability limitations.  
Such limitations include physical constraints of placing the 
reinforcing steel bars in thin sections, such as architectural 
elements, concrete overlay, and ultra-thin white-toppings, in 
addition to extensive time for construction and concerns of 
steel corrosion. Therefore, the need arise or alternatives to 
replace the reinforcing steel bars, including the fibers 
reinforced polymer (FRP) composites that have been 
extensively investigated as a viable alternative. 
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II. METHODOLOGY 

A. Material properties 

The various materials that are used in this study and its 
material property tests are carried out as per IS specification. 
The material that are used in this study are Ordinary portland 
cement of 3.14specific gravity, M sand as fine aggregate with 
2.65 specific gravity, crushed granite of 20mm size as coarse 
aggregate with 2.94 specific gravity, The flexural 
reinforcement of all beam considered of two steel bars of 8 
mm diameter in the tension side and two steel bars of 8 mm 
diameter in the compression side. Shear reinforcement is 
adopted 6 mm steel bar having 110 mm spacing. The cement 
to fine aggregate to coarse aggregate proportions by mass 
were 1:1.68:2.93 with a water-cement ratio of 0.45 for normal 
strength concrete. 

B. Specimens 

Cubes of sizes 150x150x150 mms were utilized to 
investigate the compressive strength of concrete. The beam 
specimen consists of a conventional RCC beam functioning as 
a reference specimen I (Fig. 1), beam with distributed steel 
fiber as reference beam II Beam reinforced with one layer of 
geo-grid with the addition of steel fiber as specimen I, Beam 
reinforced with two layer of geo-grid with the addition of steel 
fiber as specimen II,Beam reinforced with three layer of geo- 
grid with the addition of steel fiber as specimen III. Based on 
the cube test result, fix the ratio of cement to super plasticizers 
as 1:5 and percentage of steel fiber as 1.5% of total volume. 
The properties of the beam used are as follows: 
Beam specimen size : 1.2mx :15mx:0.2m 

 
C. Test Setup 

The specimens were simply supported and subjected to 
point load at the center. Linear variable differential 
transducers (LVDT) were placed at center bottom and at 
diagonal of the slab bottom. LVDT is used to measure the 
displacement of the test specimens. The measured 
displacement is displayed in the digital indicator and further 
it is connected to the Data Acquisition system (DAQ).The 
load is applied at each step and continued until failure. 
Compression type load cells are used to measure the load 
applied on the test specimen, in which it is fixed to the ram 
of the hydraulic jack, which will be pressing the specimen 
under the given load. The failure load was defined as a load 
that caused the specimen to fail in flexure. Mid-span 
deflections were recorded for every load increment. The 
DAQ software, used to take the reading should be set to zero 
in order to find out the maximum load and the deflection 
coming to the beam as a result of gradual load application. 
The fig. 2 shows the test set up of the specimen III 

 

Fig. 2. Experimental test set up for Specimen III (BGG-SF III) 

III. RESULTS AND DISCUSSIONS 

The control beam and geo-grid reinforced beam were 
casted. The ultimate load and the corresponding ultimate 
deflection at the mid span and at L/3 distance for all the 
tested beams have been determined. The experimental test 
results of all specimens will be discussed in this section with 
respect to their strength, load deflection response curves, 
failure modes and crack patterns 
A. Load vs Deflection Behavior 

After the testing of different specimens under loading 
frame machine, different test results are obtained. During 
testing, the load corresponding to the first crack point is 
noted as well. The loading frame machine automatically 
tabulates the test results in the system associated with the 
machine. From these data the failure load and the 
corresponding deflection for each specimen is noted down 
and is shown in Table I. 

 
TABLE I.    TEST RESULT 

 

 
Beam 

 
Ultimate 

load 
 

(kN) 

 
deflection 

at mid 
span 
(mm) 

 
deflec 
tion 

at L/3 
(mm) 

 
Load 

at 
first 
crack 

 
Ultim 

ate 
load 
gain 

factor 

 
% 

varriation 
in mid 
span 

deflection 

 
CB-I 

 
47.6 

 
11.07 

 
9.07 

 
43.5 

 
1 

 
- 

 
CB-II 

 
58.6 

 
11.57 

 
8.35 

 
51 

 
1.23 

 
-4.51 

 
BGG- 
SF I 

 
38.1 

 
1.08 

 
0.85 

 
35.6 

 
0.80 

 
90.24 

 
BGG- 
SF II 

 
44.5 

 
2.96 

 
2.08 

 
41.5 

 
0.93 

 
73.26 

 
BGG- 
SF III 

 
52.5 

 
4.59 

 
4.48 

 
48 

 
1.10 

 
58.53 

 
 

Load vs. Deflection  graph  for  each  specimen  is  
plotted (fig. 3 to fig. 7) based on the results obtained from 
loading frame machine. From these plotted graphs, the 
comparison graph between each specimen is also drawn and 
is shown in Fig. 9. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Load-deflection values for CB-I at mid span and L/3 
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Fig. 4. Load-deflection values for CB-II at mid span and L/3 
 
 
 

Fig. 8. Load –deflection comparison of all beams 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  Load-deflection values for BGG-SF I at midspan and L/3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Load-deflection values for BGG-SF II at mid span and L/3 

A special type of load vs deflection behavior is observed 
because of using geo-grids as reinforcing material. The 
ultimate load carrying capacity of CB-I,CB-II,BGG-SF 
I,BGG-SF II, and BGG-SF III are obtained as 
47.6kN,58.6kN,38.1KN,44,5KN and 52.5KN respectively. 
The variation of ultimate load for different beam specimen is 
shown in fig. 9. Control beam with distributed steel fiber has 
higher load carrying capacity. From the result it was found 
that the geo-grid reinforced beam with three layer with 
distributed steel fiber exhibit more load carrying capacity 
than control beam I(CB I). BGG-SF III not attains load 
carrying capacity more than that of CB II. BGG-SF I, BGG- 
SF II exhibit less load carrying capacity than the CB I and 
CB II. Load carrying capacity of BGG-SF II is 16.79% more 
than that of BGG-SF I.BGG-SF III is 37.79% more than that 
of BGG-SF I and 10.29 than that of CB I. 

 
Based on the Table 2, the bar chart for different test 

results are plotted and compared and is shown below: 
 
 

Fig. 9. Ultimate load carrying capacity of all beam 
 
 
 
 
 
 

Fig. 7. Load-deflection values for BGG-SF III at mid span and L/3 

B. Flexural strength 

Flexural strength is expressed as modulus of rapture R, is 
calculated from the following formula. 

R =  
𝑃𝑙 
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P I s the maximum load measured in kN, l is the span length, 
b is the span width and d is the span height. From the figure 
7.15 it is observed that three layers of geo-grid reinforced 
beam, provides an increase in flexural strength than 
conventional beam I by 10.29%. BGG-SF II has 16.79% 
higher than that of BGG-SF I. CB II has more flexural 
strength than all other beams. BGG-SF III has 10.29% more 
than that of CB I, 37.79% higher than that of BGG-SFI, 
17.97% more than that of BGG-SF II and 11.61% less than 
that of CB II. 

 

 
Fig. 10. Flexural strength of geo-grid and control beams 

 
C. Crack Propagation 

It is observed that only flexural cracks were formed in all 
beams. In case of geo-grid beams the cracks were initiated 
from the bottom of the beam and cracked all the way to the  
top of the specimen. These cracks appeared only in the middle 
section of the beam. BGG-SF I has wide crack than BGG-SF 
III. For BGG-SF I crack width ranges from 1.4 to 0.8cm from 
bottom to top. In BGG-SF II crack width ranges from 1.2 to 
0.6cm from bottom to top. BGG-SF III has crack width ranges 
from 1-0.5cm from bottom to top. The reinforced beam with 
more layers remained intact as the crack initiated and cracked 
all the way to the top of the specimen. Geo-grid beam 
reinforced with one layer has wide crack failure of concrete. 
Layered geo-grid with distributed steel fiber reduce the 
propagation of crack. 

 
D. Fracture energy 

The area under the load-deflection curve represents the 
static flexural energy absorption capacity/fracture energy of 
the concrete beams. Steel reinforced beam has more fracture 
energy than geo-grid reinforced beam. Among geo-grid 
reinforced beam BGG- SF III has maximum flexural energy 
absorption capacity. Fracture energy of BGG-SF III is 1.21 
times more than that of BGG-SF I and 0.3496 times than that 
of BGG-SF II. BGG- SF II is 0.635 times more than that of 
BGG-SF I. Therefor embedded geo-grid as layer in concrete 
results in a substantial improvement in the total energy 
absorption capacity.  

 
IV. CONCLUSION 

 
The flexural behavior of two control beam and three geo- 

grid beams were investigated. All beams were tested under 
two point bending. The load-deflection response, failure 
modes, crack propagation, flexural strength and fracture 
energy of the tested beams were analyzed and following 
observations and conclusions are drawn. 

A. Beams reinforced with more number of layers of geo- 
grid exhibits better result in crack formation and 
deflection compared to steel reinforced concrete beam. It 
can reduce crack and is occur only at the mid span of the 
beam. Geo-grid reinforced beam has less deflection than 
that of steel reinforced concrete beam. 

 
B. SF III has more flexural strength than other geo-grid 

reinforced beam. Flexural strength of CB I is 10.36 % 
less than and BGG SF III and 10.40% less than that of 
CB II. 

 
C. Cracks appeared only in the middle section of the beam 

i.e. only flexural cracks are formed for all the beams 
reinforced with geo-grid. 

 
D. Geo-grid beam reinforced with one layer has wide crack 

failure of concrete than layered one. 40% reduction of 
crack width occur from BGG-SF I to BGG-SF III. 
Layered geo-grid with distributed steel fiber reduces the 
propagation of crack. 

 
E. Load carrying capacity is more when three layers of geo- 

grid is used in plain cement concrete beams than that of 
single layer geo-grid beam. Load carrying capacity of. 
BGG-SF III is 10.29% more than that of CB I and 
11.61% less than that of CB II. 

 
F. Deflection can be reduced by the use of geo-grid in 

beams. Mid span deflection of BGG SF III is 58.53%  
less than that of CB-I, 60.32% less than that of CB II, 

 
G. Steel reinforced beam has more fracture energy than 

geo-grid reinforced beam 
 

H. Among geo-grid reinforced beam BGG- SF III has 
maximum flexural energy absorption capacity. Fracture 
energy of BGG-SF III is 1.21 times more than that of 
BGG-SF I. BGG- SF II is 0.635 times more than that of 
BGG-SF I. embedded geo-grid as layer in concrete 
results in a substantial improvement in the total energy 
absorption capacity. 
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