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ABSTRACT: 
The main factors affecting the soil-geogrid interaction are friction, interlocking of the soil 
through the apertures and the soil particles size.In the present study a hypothesis assumption 
of modifying the conventional Biaxial Geogrid by adding cubic cogsdistributed in a sine wave 
order on both sides of the geogrid ribs, that could improve the soil-geogrid interaction by 
generate interlocking mechanism between the ribs and the soil.“ICB-GGR”is the name of the 
proposed geogrid as an abbreviation for Isometric Cogged Biaxial Geogrid. To achieve the 
main goal of this study, an experimental test program wasimplemented and the conducted 
results wereused in executing a numerical model of the laboratory testsusing the PLAXIS 2D 
program. Results of the experimental tests showed improvement in shear resistance of about 
50% when using the ICB-GGR in sand compared to using the Biaxial Geogrid under the same 
conditions. Typically, reliable numerical model has been established and achieved compliance 
with the experimental results by about 88%. 
 
KEYWORDS: Biaxial Geogrids, Crushed Lime Stone, Cogged Geogrid, Numerical 

Analysis, Pull-out Test, , Sandy Soil, Shear Resistance. 
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1. INTRODUCTION 
A conference in 1984 was helpful in bringing geogrids, whichwere invented by Dr. Brian 
Mercer (Blackburn, UK), to the engineering design community. The development by Dr. 
Mercer led to the uniaxial (single direction stretch) geogrid with rectangular apertures and the 
biaxial (two directions stretch) geogrid with virtually square apertures, while the latest 
development in stiff polymer geogrid was released by Tensar Company, branded (TriAx 
2007), aproduct with triangular apertures.  
For geogrids to function properly as reinforcement, it is the interlocking of the soil through 
the apertures of the geogrid that achieves an efficient interlocking effect. Pinto (2004) 
explaining why the interlocking effect is negligible when the soil particles are small as there 
is no passive strength developed against the geogrid.  
In order to exclude that exception, a hypothesis was assumed that reforming the conventional 
shape of the Biaxial Geogrid by adding cubic cogs distributed in a sine wave order on both 
sides of the ribscould improve the soil-geogrid interaction by generating interlocking 
mechanism between the ribs and the soil in addition to the existing mechanism between the 
soil particles through the apertures.  
To ensure aforementioned hypothesis, a prototype was designed to be basically a biaxial 
geogrid with the aperture shape of identical square, then cubic cogs were added to the 
designin a sine wave order on both sides of the ribs, as shown in Figure (1).The proposed 
design was denominated “ICB-GGR” as an abbreviation for Isometric Cogged Biaxial 
Geogrid. 

 

a) 

b) 

Figure (1) a) A photo for the ICB-GGR; b) Full detailed side view section showing the distribution of cogs 
on both sides of the ribs. 

Depending on the early trials done by Vidal in order to make a testable prototype, as the 
polymeric production faced many manufacturing problems, steel prototypes were used for 
both of the ICB-GGR and the commercial Biaxial Geogrid.In order to verify the reliability of 
the design, steel prototypes of ICB-GGR, Biaxial Geogrid and Solid Plate were compelled to 
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experimental program that was implemented according to the previous work of Senoon and 
Farghal (2003), Duszynska and Bolt (2004), Koerner (2005), Abdel-Rahman et al. (2007), 
Hsieh et al. (2011), Moraci and Cardile (2012), and Mosallanezhad et al. (2016). 
Thereafter, the conducted results were used to simulate some hypothetically cases of 
Mechanically Stabilized Earth (MSE) using a finite element analyzing program PLAXIS 2D 
in the light of researches of Hussein et al. (2009),Mahmood (2009), Husseinand Meguid 
(2013). 
 
2. EXPERIMENTAL PROGRAM 
Pull-out tests were operated according to ASTM D 6706-0101 with some modifications to 
suit the laboratory preparations. Besides the manufacturing obstacles of polymeric prototype 
of the ICB-GGR, steel 37 was the most appropriate material to accomplish the research since 
the main target is to investigate the shape effect of the proposed ICB-GGR. 
2.1 TESTING MATERIALS 
In order to study the improvement in the soil-cogged geogrid interaction, three prototypes, 
with the same dimensions of apertures, were manufactured of steel 37. As shown in Figure 
(2), the first prototype is a solid plate representing the concept of reinforcing soil, the second 
is the conventional Biaxial geogrid and the last one is the proposed ICB-GGR. Prototypes of 
the Solid Plate and the Biaxial Geogrid were formed from a solid steel sheetby using means of 
lasercutting. On the other hand,TIG welding technique was used to assemble laser cut ribs to 
form the shape of the ICB_GGR, which was described previously by Anas et al. (2016). 

 
Figure (2) The tested prototypes, a) Solid Plate; b) Biaxial Geogrid; c) ICB-GGR. 

The three prototypes dimensions are concluded in Table (1). 

Table (1) Dimensions of the three prototypes used in the experimental study. 
Prototype Length (mm) Width (mm) Height (mm) Apertures (mm) 
Solid Plate 1000 600 2 - 

Biaxial Geogrid 1000 600 2 50*50 
ICB-GGR 1000 600 2 (ribs) 50*50 

Cubic Cogs 5 5 5 20 (between cogs) 

The reinforcement prototypes were used to reinforce uniformly graded sand in its loose case 
and crushed lime stone. Table 2 shows the characteristics of both types of soil. 

Table (2) The characteristics of types of soil used in the experimental study. 
Soil Sand Crushed Lime Stone 

Dry Density 16 kN/m3 14 kN/m3 
Internal Friction Angle Φ 28° 42° 

D10 0.27 mm 5.2 mm 
D60 0.72 mm 8 mm 

Uniformity Coefficient (Cu) 2.6 1.54 
Soil Grading Distribution uniformly graded Size No. 1 

2.2 TESTMODEL 
Pull-out tests were carried out according to ASTM D 6706-0101 with some modifications to 
suit the laboratory preparations. As shown in Figure (3), the test model consists mainly of a 
pull-out testing box, a steel frame mounted over the pull-out box to give the required reaction, 
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and a steel frame fixing the pull-out loading system mounted in front of the pull-out 
box.Table (3) illustrates the dimensions of the described apparatus. 

Table (3) Dimensions of the test apparatus parts. 
 Length (cm) Width (cm) Height (cm) 

Steel Box 100 70 70 
Reaction Frame 20 83 177 
Loading Frame 10 70 82 

 
The vertical stress was manually applied by a hydraulic jack with a maximum capacity of 
1000 kN and is placed on a steel plate. The overburden pressure was uniformly distributed on 
the soil bymeans of a steel plate that has dimensions of 73 cm (length) × 49 cm (width) × 4 
cm (depth).A manually controlled hydraulic jack having a maximum capacity of 230 kNwas 
used for applying the pull out load.  

 

Figure (3) A schematic diagram of the pull-out testing model. 

2.3 TEST PROCEDURE 
In all cases of loading, the soil was prepared inside the testing box by manually pouring, and 
was placed in 6 layers with 10 cm thickness of each layer.A plastic can was put in the middle 
of each layer to ease calculating the layer density after each test. When the soil reached 30 cm 
of height, the reinforcement was fixed to the clamping plate and was placed over the surface 
of the soil.Thereafter, the rest height of the soil was completed also in three layers. Dial 
gauges were placed tangent to the clamping plate to measure the front displacements. The 
external surcharge was applied and kept constant using a hydraulic jack placed over a steel 
plate resting on the soil. After that, the pull-out load was keptconstant between each two 
successive increments either for 5 minutes or till the gauges settled, whichever was 
longer.The pull-out load was applied usinga manually controlled hydraulic jack fixed by an 
assembling bracing system permittingthe loading wire to path through an opening in the 
consisting steel beam. Padding the beam withTeflon glued by epoxy was a priority to prevent 
the fiction between the wire and the beam during the tests. According to the Egyptian Code of 
practice, tests failure was considered when the front displacement reach 5% of the total length 
of the specimen or distinctive leap of the front displacement readings occurred. 
 
2.4 TESTS RESULTS 
The results obtained from the pull-out tests are summarized next in Tables (4) and (5).In these 
tables, the letter(q)denotes the external surcharge, (σn) denotes the normal stress acting on the 
geogrid, (P) denotesthe pull-outload measured in the test,(Q) is the pull-out resistance,(τult) is 
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the interface shear strength,and (Avg. γ) isthe average density of all layers measured after 
installing the prototypes. Noting that an extra test was implemented on the ICB-GGR due to 
the rapture failure of the welded joints occurred in another test. 
The total normal stress σn(kN/m2) acting on the reinforcements was calculated using the 
following equation: 

.........(1) 
Where: γ (kN/m3) is the soil dry density, h (m) is the height of soil above the reinforcement, 
and q (kN/m2) is the applied external surcharge. 
The interface shear strength ( ) can be defined as: 

τult = p/2A........(2) 
Where  (kN/m2) is the interface shear resistance, P (kN) is the pull-out load and A (m2) is 
the reinforcement surface area.  
The friction angle of the soil-geogrid interface δ (°) is calculated as follows: 

 tan δ = / ......... (3) 
The pull-out resistance ( ) of geogrid can be calculated as follows: 

 = P ng /Ng / .........(4) 

Where  (kN/m) is the pull-out resistance, ng is the number of ribs per unit width of the 
geogrid in the direction of the pull-out load, and Ng is the total number of ribs of geogrid in 
the direction of the pull-out load.  
The friction factor characterizing the soil-geogrid interaction (α) is determined as follows: 

α = tan δ  / tan φ    .........(5) 
Where  (°) is the angle of internal friction of the soil. 

Table (4) Summary of results of the Pull-out Tests carried out on Sand. 
q 
 

kN/m2 
 

(1) 

σn 
 

kN/m2 
 

(2) 

Type of 
Ref. 

 
 

(3) 

S
ym

bo
l 

P 
(kN) 

 
 

(4) 

Max. 
Disp. 
(mm) 

 
(5) 

Q 
 

(kN/m) 
 

(6) 

Avg. 
γresulted 

 

 

(7) 

τult 

 

(kN/m2) 
 

(8) 

Mode of 
failure 

 
 

(9) 

18.8 25.16 
ICB-
GGR 

 
66.02 38.01 106.65 16.54 55.02 slippage 

Solid 
Plate 

 
19.62 22.345 32.7 16.72 16.35 slippage 

Biaxial 
Geogrid 

 
 

58.86 26.11 95.08 16.82 49.05 slippage 27.25 
 

33.61 
 

ICB-
GGR 

 
90.74 23.6 146.58 16.96 75.62 arching 

Solid 
Plate  

22.1 20.975 36.83 16.76 18.42 slippage 

Biaxial 
Geogrid 

 
 

93.195 24.11 150.55 16.87 77.66 slippage 
54.5 

 
60.86 

 
ICB-
GGR 

 
142.245 25.56 229.78 16.77 118.54 slippage 

Solid 
Plate  

47.088 16.32 78.48 16.77 39.24 slippage 

Biaxial 
Geogrid 

 
 

110.36 20.145 178.27 16.97 91.97 slippage 
81.75 

 
88.11 

 
ICB-
GGR 

 
125.08 13.93 202.05 16.87 104.23 rapture 
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Table (5) Summary of results of the Pull-out Tests carried out on Crushed Lime Stone. 
q 
 

kN/m2 
 

(1) 

σn 
 

kN/m2 
 

(2) 

Type of 
Ref. 

 
 

(3) 

S
ym

bo
l 

P 
 

(kN) 
 

(4) 

Max. 
Disp. 
(mm) 

 
(5) 

Q 
 

(kN/ m) 
 

(6) 

Avg. 
γresulted 

 

 

(7) 

τult 

 

kN/m2 

 
(8) 

Mode of 
failure 

 
 

(9) 

Solid 
Plate  

14.715 20.84 23.77 14.4 12.26 slippage 

Biaxial 
Geogrid 

 
 

87.31 14.26 141.04 14.97 72.76 arching 
9 

 
13.18 

 

ICB-GGR  88.29 16.185 142.62 14.87 73.58 arching 

Solid 
Plate  

18.64 20.29 30.11 14.77 15.54 slippage 

Biaxial 
Geogrid 

 
 

88.29 15.1 142.62 14.62 73.58 arching 
9.81 

 
14 

 

ICB-GGR  98.1 13.06 158.47 14.85 81.75 arching 

Solid 
Plate  

19.62 23.645 31.7 14.76 16.35 slippage 

Biaxial 
Geogrid 

 
 

93.2 13.39 150.55 15.11 77.67 arching 
10.63 

 
14.81 

 

ICB-GGR  116.74 17.785 188.58 15 97.28 arching 

It is to be noted that, as resistance of the crushed lime stone was higher than the sand under 
the same circumstances. Therefore the three values of overburden pressures (q) were reduced 
when using the crushed lime stone to the values of 8.45 kN/m2, 9.27 kN/m2, and 10.1 kN/m2. 
In Figure (4) when using sand soil, it can be seen that as the normal pressure acting on the 
tested soil reinforcements increases, the maximum front displacements before failure 
decrease.The maximum front displacement values, in case of the Solid Plate, were higher than 
those for the Biaxial Geogrid and the ICB-GGR at the whole range of the applied normal 
stress, as shown in Figure (5). Figure (6) illustrated that, for the three types of reinforcement, 
density of the reinforced soils increased at the end of the tests. However, the percentage of 
density increasing differentiates from reinforcement to another under the same 
circumstances.As shown in Figure (7), for the three prototypes, the interface shear strength 
increases with the increasing of the normal stress. The interface shear strength in case of using 
the ICB-GGR is higher than that in case of using the Biaxial Geogrid by about 50%. In the 
case of Crushed lime stone, the values of shear resistance with the ICB-GGR and the Biaxial 
geogrid have nearly close values, although the improvement in values of shear resistance 
started to appear with the increasing of normal stress, as shown in Figure (8). 
When calculating the friction angle of a soil-reinforcement interface δ, the highest value was 
recorded in case of using the ICB-GGR and it is nearly 64.76°, then came the Biaxial Geogrid 
with δ = 51.24°. The lowest value was recorded when using the Solid Plate with a value of 
22.27°. The obtained calculated values of the friction factor are αSolid Plate = 0.77, αBiaxial Geogrid = 
2.35, and αICB-GGR = 4. 
In the case of crushed lime, the values of the friction angle of a soil-reinforcement when using 
the ICB-GGR with δ = 81.34°,then the Biaxial Geogrid with δ = 79.2°. The lowest value was 
recorded when using the Solid Plate with δ = 47.83°. The obtained calculated values of 
friction factors are αSolid Plate = 1.27, αBiaxial Geogrid = 6.03, and αICB-GGR = 7.56. The 
values of friction factor exceeding 1 were presented in previous researches by Mosallanezhad 
et al. (2016) and Makkaret al.(2017). 
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Figure (4)Effect of applying different values of normal stress on the max.front displacement of soil 
reinforcements embedded in sand. 

 
Figure (5)  Effect of applying different values of normal stress on the max. front displacement of different 

reinforcements embedded in crushed lime stone. 

 

 
 Figure (6)  Average densifying values caused the three grids reinforcing soil.   



 
 

EXPERIMENTAL AND NUMERICAL STUDY OF THE ISOMETRIC COGGED BIAXIAL GEOGRID (ICB-GGR) 
 

JAUES, 15, 57, 2020  1059 

 
Figure (7)  Effect of using different types of reinforcement on the shear strength of sand. 

 
Figure (8)  Effect of using different types of reinforcement on the shear strength of crushed lime stone. 

3. NUMERICAL STUDY 
The results prescribed by Elkorashi (2017), clarified that the pull-out resistance of the 
proposed ICB-GGR in sand superior the conventional Biaxial Geogrid, in sand, by about 
50%, while the percentage of improvement was about 25% in the case of reinforcing crushed 
lime stone. The numerical simulation depended on the extracted data from pull-out tests in 
sand. 
Soil has nonlinear elastoplasticbehaviourand “PLAXIS 2D” program was used to simulate the 
laboratory pull-out tests.  

3.1 MODELLING ASPECTS 
The Plaxis program can handle cohesionless sand (c = 0), but some options will not perform 
well. To avoid complications, non-experienced users are advised to enter at least a small value 
(use c> 0.2 kPa) (PLAXIS, 2002). The interface properties are calculated from the soil 
properties in the associated data set and the strength reduction factor by applying the 
following rules: 

.........(2) 
where: istheinterface friction factor with soil, is the strength reduction factor, is 

the soil cohesion factor. 

The modeling properties of the steel Solid Plate, steel geogrids, and soilare listed in Tables 
(6), (7), and (8) respectively.The values of kx, ky, Erefandν were chosen to be compatible with 
test materials. 
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Table (6) Modellingparameters for the Solid Plate. 

Parameter Name Value Unit 

Axial stiffness per unit strain EA 400000 kN/m 

Bending stiffness EI 0.133 kN/m2/m 

Thickness of plate d 0.002 m 

Weight of plate W 0.156 kN/m/m 

Poisson’s Ratio ν 0.25 - 

 
Table (7) Modelling parameters for geogrid. 

Parameter Name Biaxial Geogrid ICB-GGR Unit 

Axial stiffness per unit strain EA 42000 84000 kN/m 

Maximum axial force per unit length NP 178 230 kN/m 

 
Table (8) Material properties of the sand and interface element. 

 

Parameter 

 

Name 

 

Sand 
Interface 

 

Unit 

 

Material model 

Type of material behaviour 

Dry soil weight 

Wet soil weight 

Permeability in hal direction 

Permeability in valdirection 

Young's modulus (constant) 

Poisson's ratio 

Cohesion (constant) 

Friction angle 

Dilatancy angle 

Model 

Type 

 

γdry 

γwet 

kx 

ky 

Eref 

ν 

cref 

Φ 

ψ 

Mohr-

Coulomb 

Drained 

16 

17.46 

1.0 

1.0 

13000 

0.3 

variable 

28 

0.0 

Mohr-Coulomb 

Drained 

16 

17.46 

1.0 

1.0 

13000 

0.3 

variable 

variable 

variable 

 

- 

- 

kN/m3 

kN/m3 

m/day 

m/day 

kN/m2 

- 

kN/m2 

° 

° 
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The model of the pull-out laboratory test is illustrated in Figure (9). 

 

Figure (9)  Numerical model of the pull-out test. 

Table (9) Comparison between PLAXIS and lab.results. 

q 
(kN/m2) 

Type of RFT Symbol 
Q            Plaxis results 

(kN/m) 
Q          Lab. results 

(kN/m) 
Error 
(%) 

18.8 ICB-GGR 
 

114.99 106.65 7.82 

Solid Plate 
 

31.56 32.7 3.49 

Biaxial 
Geogrid 

 
 100.22 95.08 5.4 

27.25 

ICB-GGR 
 

131.75 146.58 10.11 

Solid Plate 
 

51.12 36.83 27.95 

Biaxial 
Geogrid 

 
 129 150.55 14.31 

54.5 

ICB-GGR 
 

175.73 229.78 23.52 

Solid Plate 
 

70.71 78.48 9.9 

Biaxial 
Geogrid 

 
 149.04 178.27 16.4 

81.75 

ICB-GGR 
 

206.49 
202.05 

4.44 

Figure (10) shows the results of deformed mesh, and the results of all simulations are 
tabulated in Table (9) and plotted in Fig. (11). 
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Figure (10)  Deformed mesh for pull-out test. 

 

 

Figure (11) Pull-out resistance due to laboratory and PLAXIS results. 

 

4. CONCLUSION 
The main conclusions drawn from the pull-out tests and finite element simulation with 
“PLAXIS” can be summarized as follows: 
1. Values of the pull-out resistance, the shear resistance and the pull-out capacity obtained 

in case of reinforcing the tested sand with the new proposed ICB-GGR are about 50% 
higher than these obtained when using the conventional Biaxial Geogrid and are about 
453% higher than these obtained when using the Solid Plate.  

2. The friction angle between the proposed ICB-GGR and the sand is higher than that 
between the sand and the Solid Plate by about 42.49°, and is higher than that between 
the conventional Biaxial Geogrid by about 13.52°.  

3. The friction factor α achieved in case of using the proposed ICB-GGR is nearly 70% 
over the factor obtained when using the Biaxial Geogrid and is about 419% over the 
factor obtained when using the Solid Plate. 

4. The pull-out resistance, the shear resistance, the pull-out capacity and the friction factor 
α obtained in case of reinforcing crushed lime stone with the new proposed ICB-GGR 
are about 25 % higher than those obtained when usingthe conventional Biaxial Geogrid 
and are about 495% higher than those obtained when using the Solid Plate.  

5. The friction angle of a soil-reinforcement interface in the case of using the proposed 
ICB-GGR is higher than the angle obtained in case of using the Solid Plate by about 
33.51°, and superior the case of using the conventional Biaxial Geogrid by about 2.23°.  

6. Simulation of the pull-out tests for the proposed ICB-GGR, the conventional Biaxial 
Geogrid and the Solid Plate reinforcing sand are highly in agreement with the gained 
results of the laboratory pull-out tests. 
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