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1. Introd uction 

It has been shown that geogrids, when properly installed as aggregate base and/or subgrade 

reinforcement, can help to improve the service life and performance of roads and highways and 

help reduce their repair and maintenance costs (e.g., Perkins 1999, Leng and Gabr 2002, Perkins 

et al. 2004, Giroud and Han 2004, Gabr et al. 2006, Aran 2006, Holtz et al. 2008, Kwon and 

Tutumluer 2009). The existing specifications manual of the Oklahoma Department of 

Transportation (ODOT 2009) only endorses a very limited number of geogrids for base 

reinforcement and needs to be updated to include a wider range of products that are currently 

available on the market. However, there are currently no universally accepted guidelines for the 

acceptance and specification of geogrids for base reinforcement and subgrade stabilization 

applications. Alzamora and Anderson (2012) highlighted challenges that different State DOTs 

and research institutions face in establishing a direct connection between index properties of 

geogrids and their field performance. Nevertheless, careful measurement of geogrids index 

properties and their in-aggregate performance in controlled laboratory conditions is essential in 

order to develop empirical correlations with field performance and input properties that are 

needed to develop mechanistic models for the design of reinforced base pavements. 

Therefore, a primary objective of the current study was to help ODOT expand its selection of 

approved geogrid products for base reinforcement applications by producing measured data on 

selected geogrids and a dense-graded base aggregate commonly used in ODOT roadway 

projects. The study involved in-isolation and in-aggregate laboratory testing of several base 

reinforcement geogrid products from major geosynthetic suppliers. The in-isolation tests 

included rib strength and junction strength tests, and the in-aggregate tests included pullout and 

plate load tests on reinforced aggregate models involving selected geogrid products. Field-scale 

installation damage tests were also performed to investigate the survivability of the selected 

geogrids during simulated construction. A primary objective of the laboratory and field tests on 

different geogrids in this study was to quantify the significance of the geogrids in-isolation 

properties on their in-aggregate response under controlled conditions. 
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2. In-isolation testing of geogrids 

2.1. A review of geogrids used in the U.S. and classification of geogrid products 

2.1.1. Vendersô data 

As a first step of this study, a survey was carried out on a wide range of commonly available 

geogrids on the market in order to identify candidate products for ODOTôs new geogrid 

specifications. Candidate geogrids were initially screened from the 2009 issue of the 

Geosynthetics Specifierôs Guide (IFAI 2009) on the basis of their aperture size and rib strength 

at 5% strain. Tensar BX1100 and BX1200 geogrids which are primarily used in ODOT projects 

are referred to as the control geogrids in this study. These geogrids are referred to as Type-1 and 

Type-2 geogrids, respectively in the ODOT specifications manual.  

Several geogrid producers and suppliers were contacted for additional information on their 

products. A database of surveyed geogrids and their selected properties (aperture size, rib 

strength at 5% strain and ultimate strength) is given in Appendix A. Figure 1 shows a histogram 

of geogrid products available on the market based on their machine direction (MD) rib strength 

at 2% strain, which is used in specifications published by several U.S. State DOTs (see Section 

2.1.2. DOT agencies data). The rib strength at 2% strain has been recommended as a 

serviceability criterion in previous studies (e.g. Christopher et al. 2008). The histogram in Figure 

1 was produced based on a survey of 113 geogrids from available sources. 
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Figure 1. Distribution of MD strength at 2% rib strain of all geogrids available on the market 

 

Among these 113 geogrids surveyed, 66 geogrids were biaxial. Since this study was focused on 

bi-axial geogrids used for base reinforcement, the distribution of MD rib strength at 2% strain of 

bi-axial geogrids as a subset of what is shown in Figure 1 is shown in Figure 2.  

 
Figure 2. Distribution of MD strength at 2% rib strain of bi-axial geogrids available on the 

market 
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Among the 66 geogrids represented in Figure 2, a total of 31 geogrids were found to have either 

an aperture size or a 5%-strain rib strength value comparable to those of ODOT Type-1 and 

ODOT Type-2 geogrids as given in Table 1. The geogrid products discussed in this report are 

classified as extruded and non-extruded geogrids (EGG and NEGG, respectively). The NEGG 

category, in turn, includes woven and knitted geogrids (WGG and KGG, respectively). 
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Table 1. List of candidate geogrids with either aperture size or 5%-strain tensile strength 

comparable to those of ODOT Type-1 and Type-2 geogrids 

 
Note: 

*
 ODOT Type-1 Geogrid; 

**
 ODOT Type-2 Geogrid; NA: Not Applicable;  

NP: Not Provided; products in green cells were ultimately selected for testing in this study. 



6 

 

Based on the above survey and the selection criteria illustrated in Figure 3, a total of eight 

geogrids were selected as a final set for testing in this study (Table 2). Dimensional and 5%-

strain rib strength properties of these geogrid products (tested in this study) found from 

manufacturer datasheet are presented in Table 3. 

  

Figure 3. Procedure used to select geogrid products for testing in this study (Note: EGG -

Extruded Geogrid; NEGG - Non Extruded Geogrid) 

 

Table 2. List of selected geogrid products tested in this study 

 
Notes: PP: Polypropylene, PET: Polyester, BX: Biaxial, TX: Triaxial 
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Table 3. Selected properties of geogrid products listed in Table 2 from manufacturersô datasheets 

 
 

 
 (*)

 included in the final set due to ODOTôs interest 

 

2.1.2. DOT agencies data 

Table 4 shows a list of all 50 State DOTs in the United States that were surveyed with respect to 

their geogrid specifications. This survey revealed that those DOTs that have specifications for 

base reinforcement geogrids specify MD rib strength values at 2% elongation which vary 

between 68.5 lb/ft and 205.5 lb/ft. This range represents 62% of the biaxial geogrid products 

surveyed (i.e. 41 out of 66 products) within the lower end of tensile strength values (Figure 3 

and Figure 2). Stronger geogrids (especially of uniaxial type) are primarily used for reinforced 

soil walls, embankments and steepened slopes, which are outside the scope of this study. Based 

on the above survey, the geogrids listed in Table 2 were grouped into categories shown in 

Figure 4. The 25-lb split value for junction strength shown in Figure 4 was selected based on 

the Holtz et al. (2008) requirement for minimum ultimate junction strength of geogrids. The split 

value for the 2%-strain rib strength was selected such that ODOT Type-1 and ODOT Type-2 
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geogrids represent the weak rib (WR) and strong rib (SR) categories, respectively, with respect to 

this index property. 

 

Table 4. State DOTs providing geogrid specifications for base reinforcement 
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Figure 4. Classification of the geogrid products used in the study 

 

 

2.1.3. Geogrid properties  

A few recent studies have been aimed at developing a correlation between index properties of 

geogrids and their field performance (e.g. Perkins et al. 2004, Chehab et al. 2007, Christopher et 

al. 2008, Tang et al. 2008).  

 

Perkins et al. (2004) developed numerical models and testing methods to determine input 

parameters for the geogrid reinforcement and its interaction with the aggregate and subgrade 

materials. The testing methods included tensile tests for evaluating direction dependent, non-

linear elastic constants for the reinforcement and cyclic pullout tests for evaluating a stress-

dependent interface shear resilient modulus.  Perkins et al. (2004) carried out wide-width tensile 

tests according to ASTM D4595 with a cyclic loading protocol on three geosynthetic 
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reinforcement products. They studied the influences of the geogrids elastic tensile modulus, 

equivalent isotropic modulus and Poissonôs ratio on the elastic response of reinforced pavement 

models. Their cyclic pullout test results showed that the interface shear modulus was dependent 

on the normal and shear stress on the interface. 

 

Chehab et al. (2007) studied the effects of aperture size, tensile strength at 2% strain, ultimate 

tensile strength, junction strength and flexural rigidity of geogrids on rutting performance of 

small-scale roadway models. They performed Accelerated Pavement Tests (APT) on a 7.3 ft × 

12 ft test pit. The pit was originally 14 ft deep but was backfilled with aggregate. The densely-

compacted aggregate layer served as a bedrock-like support. The top 16 inches was considered 

as the pavement section. They used aggregate as subgrade and base material. They selected a 

Type-2A aggregate base conforming to the PennDOT specifications. An asphalt slab was 

constructed on the top of base layer. They presented a series of correlations between the geogrid 

index properties and the rutting performance of their reinforced models. Chehab et al. (2007) 

concluded that adequate ultimate junction strength is essential for the geogrid to develop high 

pullout resistance. Overall, good correlations were found between geogrid tensile strength and 

junction strength properties and results of their interface shear and pullout tests. 

 

Christopher et al. (2008) suggested that rib strength at 2% strain is a suitable value for geogrid 

design for base reinforcement at service-level conditions. They concluded that junction strength 

at 2% strain should therefore be used as an appropriate value to achieve a consistent design. 

 

Tang et al. (2008) examined the correlations between index properties such as the aperture size, 

wide-width tensile strength and junction strength of four geogrid products and their bench-scale 

interface test and pullout test results. They found that junction and tensile strength properties of 

geogrids at small strains showed strong correlations with their in-aggregate performance. They 

observed that the pullout coefficient of interaction factors increased with the junction strength 

and the rib tensile strength at 2% strain of the geogrids tested. 

 

Cuelho and Perkins (2009) constructed field test sections to evaluate the performance of several 

geosynthetics for subgrade stabilization application. A sandy clay soil was prepared as a weak 

roadbed material to a CBR strength of approximately 1.8, and an 8-inch-thick aggregate layer 

was compacted over the geosynthetic reinforcement. They examined the effects of the tensile 

strength at 2% strain, 5% strain and the ultimate tensile strength on the rutting performance of 

geogrid-reinforced roadway test sections. Cuelho and Perkins (2009) acknowledged that a 

number of geosynthetic properties may be working together to stabilize a subgrade. However, 

they attributed a majority of the stabilization benefit to the geosynthetics ability to support loads 

in a direction transverse to the applied load, i.e. their cross-machine direction. A direct 

comparison between tensile strength in the cross-machine direction at 2% and 5% strain was 

made to investigate whether. Cuelho and Perkins (2009) concluded that the observed rutting in 
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their test models was related to the tensile strength of the geosynthetic in the cross machine 

direction and an increase in the 2%-strain and 5%-strain tensile strength values in the cross 

machine direction would reduce the amount of rutting and hence a better pavement performance.  

 

The above studies have revealed the significance of geogrid mechanical properties on their in-

aggregate performance. However, the influence of individual index properties of geogrids on 

their in-aggregate performance is still not well understood and requires further study. 

Furthermore, the influence of the geogrid index properties on their in-aggregate performance 

also depends on the properties of the aggregate. Therefore, this study is aimed at producing 

experimental data which are specific to aggregate types that are commonly used in highway 

projects in Oklahoma. Nevertheless, the methodology adopted in this study as described in this 

report is applicable to other aggregate types in future studies.  Based on the survey of previous 

studies, the geogrid properties that are important to their in-aggregate performance are 

summarized in Table 5. Selected geogrid properties of interest in this study are listed in Table 6. 

 

Table 5. List of geogrid properties examined for base reinforcement applications in related   

previous studies 
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Table 6. Geogrid properties of interest in this study 

 
 

2.2. Junction strength tests 

2.2.1. Fabrication of junction strength testing clamps for extruded and non-extruded 

geogrids 

A total of eighty (80) junction strength tests were carried out on geogrids listed in Figure 4 in 

both MD and XD direction according to the GRI GG2 test method. A minimum of five replicate 

samples of each product were prepared and tested. In these tests, a junction clamp firmly gripped 

the transverse ribs on each side of the junction (Figure 5) and the specimen was subjected to a 

monotonic tensile load until the junction failed. In addition to obtaining junction strength values 

for the geogrid products, these tests helped us evaluate the performance of the fabricated clamps 

and apply necessary modifications to improve their performance. Due to the manufacturing 

technique and comparatively low junction strength, the strain magnitudes of the non-extruded 

geogrids (NEGG) were low. Therefore it was decided to report only the ultimate junction 

strength of these products. Digital imagery technique was used to determine the strain in 

extruded geogrid (EGG) products (Wang 2009). 

 

Figure 6 and Figure 7 show the tensile testing machine and an example output plot from the in-

isolation tests, respectively. Figure 8 shows different failure modes observed in the junction tests 

carried out on the extruded geogrid (EGG) products. 
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Figure 5. Clamp and example test specimen used in junction tests (junctions in the specimen 

shown are one inch apart from each other) 

 

 

 
Figure 6. Tensile testing frame for testing rib and junction strength of geogrid specimens 
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Figure 7. Specimen failure as captured on the data acquisition system screen 

 

 
Figure 8. Different failure modes observed in junction testing of extruded geogrids: (a) Brittle 

failure (b) Ductile failure 

 

2.2.2. Junction strength test results 

Samples of the eight (8) different geogrids examined in this study (Table 2 and Table 3) are 

shown in Figure 9 through Figure 16, respectively. Figure 17 shows an EGG4 geogrid 

specimen in the junction test setup before and after failure. 
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Figure 9. EGG1 geogrid junction strength specimens after the test in (a) MD and, (b) XD 

 

 

 
Figure 10. WGG1 geogrid junction strength specimens in XD: (a) before failure, (b) after failure 

 



16 

 

 
Figure 11. WGG2 geogrid junction strength specimens: (a) before the test, (b) after failure (MD), 

(c) after failure (XD) 

 

 
Figure 12. WGG3 geogrid junction strength specimens (a) before the test, (b) after failure (MD), 

(c) after failure (XD) 
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Figure 13. KGG1 geogrid junction strength specimens: (a) before the test, (b) after failure (MD), 

(c) after failure (XD) 

 

 

 



18 

 

 
Figure 14. EGG2 (single layer) geogrid junction strength specimens after the test: (a) in MD and 

(b) in XD 

 

 
Figure 15. EGG3 geogrid junction strength specimens: (a) before the test, (b) after failure (MD), 

(c) after failure (XD) 
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Figure 16. EGG4 geogrid junction strength specimens: (a) before the test, (b) after failure (MD), 

(c) after failure (XD) 

 

  
Figure 17. EGG4 geogrid specimen in junction strength test: (a) before the test, (b) after failure 
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Junction test results for the eight (8) different types of geogrids investigated (Table 2) are shown 

in Figure 18 through Figure 33. In the cases of EGG3 and EGG4 geogrids in Figure 30 through 

Figure 33, the ñMDò notation refers to the ribs that are situated at 30
o
 from the machine 

direction due to their triangular configurations. The test results for each geogrid product tested 

are summarized in Table 7 and Table 8. In the results shown in these figures and tables, the 

outlier data points were discarded such that all the remaining data will fall within ±5% of the 

mean value. 

 
Figure 18. Junction strength variation in different EGG1 test specimens (MD) 

 

 
Figure 19. Junction strength variation in different EGG1 test specimens (XD) 
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Figure 20. Junction strength variation in different WGG1 test specimens (MD) 

 

 

  
Figure 21. Junction strength variation in different WGG1 test specimens (XD) 
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Figure 22. Junction strength variation in different WGG2 test specimens (MD) 

 

  
Figure 23. Junction strength variation in different WGG2 test specimens (XD) 
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Figure 24. Junction strength variation in different WGG3 test specimens (MD) 

 

  
Figure 25. Junction strength variation in different WGG3 test specimens (XD) 
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Figure 26. Junction strength variation in different KGG1 test specimens (MD) 

 

  
Figure 27. Junction strength variation in different KGG1 test specimens (XD) 

 

 



25 

 

 

Figure 28. Load-strain responses of EGG2-single layer specimens (MD) 

 
Figure 29. Junction strength variation in different samples of EGG2-single layer (XD)  
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Figure 30. Junction strength test results of EGG3 geogrid in MD ribs (30

 □
 from machine 

direction) 

 
Figure 31. Junction strength test results for EGG3 in XD 
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Figure 32. Junction strength test results of EGG4 geogrid in MD (30

o
 from machine 

direction) 

 
Figure 33. Junction strength test results for EGG4 in XD 
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Table 7. Summary of junction strength test results in machine direction (MD) 
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Table 8. Summary of junction strength test results in cross machine direction (XD) 

 
 

 
 

 

 

 



30 

 

2.3. Rib strength tests 

Several preliminary tensile strength tests were carried out on selected geogrids according to the 

ASTM D6637 test protocol. However, the existing clamping mechanism for single rib specimens 

was found to be problematic; either the specimens would pull out of the clamps or the measured 

tensile strength values for different specimens were not consistent. Therefore, new clamps were 

fabricated to improve the test results as described in the following sections.  

The new clamps were successfully tried on both ODOT Type-1 and Type-2 geogrids. 

Afterwards, these clamps were used to carry out a total of 80 in-isolation rib strength tests to 

determine the 2%-strain, 5%-strain and ultimate tensile strength values of the geogrids listed in 

Table 2 and Table 3 in both machine (MD) and cross-machine (XD) directions. Five tests were 

carried out in MD and five in XD for each geogrid products.  

 

2.3.1. Fabrication of rib strength testing clamps for extruded geogrids 

Two 4 inches × 4 inches × 0.2 inch steel plates were fabricated as rib strength test clamps. In 

order to grip the geogrid ribs properly, a clamping system was developed that utilized frictional 

and interlocking forces using two layers of sandpapers mounted on the inside edges of each 

clamp. A piece of No. 100 wood sandpaper was fixed on the edge of the clamp using superglue 

as a permanent frictional layer. A 1 inch × 1 inch piece of sandpaper was placed on the middle of 

each fixed sandpaper layer as a disposable pad as shown in Figure 34. These pieces were 

replaced after each test because they would lose their roughness during testing. 

 

 
Figure 34. Rib strength test clamp for extruded geogrids and accessories 

 

Specimen preparation in our procedure for rib strength testing of geogrids included the following 

steps: 
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1. A piece of geogrid was cut with the length of two or more aperture sizes depending on the 

aperture size. Then, the initial length of the geogrid specimen was measured and its junctions 

were marked using a white marker, as shown in Figure 34. According to ASTM D6637 test 

standard, each specimen should consist of 3 junctions or 12 in long.  

2. Clamp bolts were inserted into the holes and 1 in by 1 in pieces of sandpaper were placed and 

aligned on the two clamps as shown in Figure 35(a). The test specimen and additional dummy 

(spacer) pieces of geogrid were placed on the clamps at equal distances from the center of the 

bolts as shown in Figure 35(b). Spacer pieces of geogrid were used to keep the clamp plates 

parallel to each other which would help increase the grip of the clamp on the specimen during 

the application of tensile load. 

3. Two additional small pieces of sandpaper were placed on the specimen inside the clamp. 

During the assembly of the clamps, each nut was uniformly tightened one turn at a time until the 

geogrid was completely secured in the clamps [Figure 36(a)]. 

 

 
Figure 35. (a) Sandpapers mounted on test clamps (b) Alignment of test specimen and spacer 

pieces on clamps 

 

 
Figure 36. (a) Geogrid specimen secured in the clamps, (b) test setup mounted on the tension 

frame, (c) view from digital camera, ready to record the specimen deformation. 
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4. The clamps and specimen assembly were carefully transported to and mounted on the testing 

frame as shown in Figure 36(b). A digital camera (camcorder) was set up to record the specimen 

deformation during the test as shown in Figure 36(c). The view frame of the camera was 

zoomed on the specimen such that the size of the specimen image was as large as possible and 

yet, the two white marks on the specimen remained within the viewing range during the entire 

test until specimen failed. 

5. The camcorder, the electric motor attached to the moving clamp and the data acquisition 

system were started simultaneously. The test continued until the specimen failed. This new 

clamping system was found to significantly improve the test success rate for extruded geogrids 

that offer very low surface friction. Only a minimum portion of the geogrid ribs needed to be 

placed inside the clamps. 

6. The ASTM D6637 test protocol recommends placing three junctions across the width of the 

geogrid specimen inside the clamp. However, it was observed that placing three junctions in the 

clamped area prevents adequate pressure concentration on the middle junction, which results in 

increased risk of the test rib sliding out of the clamps. Our new procedure requires the placement 

of only one junction in a highly frictional clamped area (Figure 35b) which proved to be very 

effective in securing the specimen in its place throughout the test. 

7. In all rib strength tests performed on the EGG1 specimens in the machine direction (MD), the 

specimens failed at the locations of mid-span junctions, and the test was unable to capture the 

failure of the ribs. It was concluded that the ribs in machine direction are stronger than the 

junctions. This is explained by the fact that extruded geogrids such as EGG1 are manufactured 

using a punch-and-drawing technique. The ribs are stretched parts of the perforated polymer 

sheet during the manufacturing process, which in contrast to the junctions, experience strain 

hardening. As a result, the ribs become stronger than the junctions. We discussed our 

observations with Tensar representatives and they acknowledged that failure of the mid-span 

junctions may likely occur while testing the rib samples. Nevertheless, the failure load recorded 

regardless of the location of the rupture in the mid-span is typically reported as the rib strength 

value. It therefore appears that using two aperture size-long specimens in the rib strength tests 

according to the ASTM D6637 test procedure makes it very difficult to measure the rib strength 

without rupturing the junction [Figure 36(b) and Figure 37(a)]. 

8. In order to investigate the influence of specimen size on junction failure as stated above and to 

eliminate any possible boundary effects (i.e. proximity of the failed junction to the clamps), 

samples with five aperture size length were tested. It was observed that the specimens still failed 

at their mid-span junction as shown in Figure 37(b). This observation confirmed that the reason 

for junction failure in rib strength tests was indeed due to weaker junctions as compared to the 

ribs regardless of the specimen size. It also confirmed that the clamping system was robust and 
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consistently resulted in failure at the specimen mid-span as opposed to a location near the 

clamps. The specimens tested in the cross-machine direction (XD) all failed at the connection 

between the ribs and junctions [Figure 37(c)]. 

 

 
Figure 37. (a),(b) Two and five aperture size-long specimens which failed at their junctions in rib 

strength tests, (c) Specimen failed in cross-machine direction 

In addition to conventional biaxial geogrids, recently introduced triaxial products (EGG3 and 

EGG4) by Tensar were investigated. Currently, there are no standard test protocols for sample 

preparation, clamping requirements and in-isolation testing of triaxial products. ASTM D6637 

test standard was followed for this purpose, which was originally developed for uniaxial and 

biaxial geogrids. Figure 38 shows the geogrid samples prepared for the rib test according to 

ASTM D6637. Figure 39 and Figure 40 show the rib test setup for the EGG3 and EGG4 

geogrids respectively, before and after failure. 

In the case of EGG3 and EGG4 products, rib strength tests were carried out in the directions 

along the diagonal (MD) and transverse (XD) ribs. After comparing the measured results and the 

test data supplied by Tensar with the criteria given in Figure 4, both the EGG3 and EGG4 

geogrids were classified in the strong rib and strong junction category.  
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Figure 38. Geogrid specimens for rib strength tests (a) EGG3 specimens and (b) EGG4 

specimens 

 

 
Figure 39. EGG3 geogrid sample for rib strength tests, (a) before the test, (b) after failure 
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Figure 40. EGG4 geogrid sample for rib strength tests, (a) before the test, (b) after failure 

 

2.3.2. Fabrication of rib strength testing clamps for non-extruded geogrids 

When PVC-coated polyester (PET) geogrids were tested using the above test setup, it was 

observed that in some specimens polyester yarns were pulled out of the PVC coating leaving a 

piece of the coating in the clamp. Based on this observation, a new clamping system was 

developed for non-extruded geogrids as shown in Figure 41 and Figure 42. These clamps 

helped mitigate stress concentrations at the geogrid-clamp connections and therefore, prevent 

immature failure of the specimen. This type of clamp is comparable to Capstan clamps and roller 

grips discussed in the ASTM D4595 test protocol (ASTM 2009). 

 

 
Figure 41. Clamping system fabricated to test non-extruded geogrids 
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Figure 42. Rib strength testing of non-extruded geogrid in progress  

 

2.3.3. Rib strength test results 

Load-strain test results for the geogrids listed in Table 2 and Table 3 are shown in Figure 43 

through Figure 58. 
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Figure 43. Tensile strength test results of EGG1 geogrid in machine direction 

 

 
Figure 44. Tensile strength test results of EGG1 geogrid in cross-machine direction 
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Figure 45. Tensile strength test results of WGG1 geogrid in machine direction 

 

 
Figure 46. Tensile strength test results of WGG1 geogrid in cross-machine direction 
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Figure 47. Tensile strength test results of WGG2 geogrid in machine direction 

 

 
Figure 48. Tensile strength test results of WGG2 geogrid in cross-machine direction 
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     Figure 49. Tensile strength test results of WGG3 geogrid in machine direction 

 

 

 
Figure 50. Tensile strength test results of WGG3 geogrid in cross-machine direction 
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Figure 51. Tensile strength test results of KGG1 geogrid in machine direction 

 

 

Figure 52. Tensile strength test results of KGG1 geogrid in cross-machine direction 
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Figure 53. Tensile strength test results of EGG2 (single layer) geogrid in machine direction 

 

0

100

200

300

400

500

600

700

800

0 5 10 15 20

F
o

rc
e
 (

lb
/ft

)

Strain (%)

XD 1

XD 2

XD 3

Tensile strength reported
by manufacturer (single

layer)

 
Figure 54. Tensile strength test results of EGG2 (single layer) geogrid in cross-machine direction 
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Figure 55. Tensile strength test results of EGG3 geogrid in machine direction 

 
Figure 56. Tensile strength test results of EGG3 geogrid in cross-machine direction 
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Figure 57. Tensile strength test results of EGG4 geogrid in machine direction 

 

 

 
Figure 58. Tensile strength test results of EGG4 geogrid in cross-machine direction 
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Rib tensile strength values at 2% strain in MD and XD are summarized in Table 9 and Table 10, 

respectively. In Table 9, the 2% rib strength values of the extruded biaxial geogrids (i.e. EGG1, 

WGG1, WGG2 and EB2) from our lab tests are slightly higher than the MARV (Minimum 

Average Roll Value) values reported by the corresponding manufacturers. This is not unexpected 

because the MARV values theoretically represent two standard deviations below the mean value 

of a large population of samples with an assumed bell-curve distribution (e.g. Koerner 2005).  

The FHWA guidelines (Holtz et al. 2008) also stipulate that the test results from any sampled 

roll in a lot should meet or exceed the minimum values reported by the manufacturers. The 

overall summary of the rib strength test results for all geogrids tested are given in Table 9 

through Table 14. 
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Table 9. Summary of rib tensile strength values at 2% strain in machine direction 

 
 

 

 

 

 

 

 

 

 

Notes (see Figure 4): 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 

[---]    Outlier value 
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Table 10. Summary of rib tensile strength values at 2% strain in cross machine direction 

 
 

 

 

 

 

 

 

Notes: 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 

[---]    Outlier value 
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Table 11. Summary of rib tensile strength values at 5% strain in machine direction 

 
 Notes: 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 

[---]    Outlier value 
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Table 12. Summary of rib tensile strength values at 5% strain in cross machine direction 

 
 

 

 

 

 

 

Notes: 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 
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Table 13. Summary of ultimate rib tensile strength values in machine direction 

 
 

 

 

 

Notes: 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 
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Table 14. Summary of ultimate rib tensile strength values in cross machine direction 

 
 

 

 

 

 

 

 

 

 

Notes: 

S
R
S

J
: Strong Rib Strong Junction 

S
R
W

J
: Strong Rib Weak Junction 

W
R
S

J
: Weak Rib Strong Junction 

NP:  Not provided by the manufacturer 



52 

 

3. Pullout tests 

3.1. General 

Geogrids used in aggregate base reinforcement applications can be subjected to significant 

compaction-induced stresses during the construction stage. Pullout tests can provide a methodic 

means to study geogrid-aggregate interactions at different stress levels under controlled 

conditions. In addition, pullout tests can help to isolate the tensile performance of geogrids in the 

anchorage zone outside the pressure bulb of the tire from its out-of-plane membrane behavior 

when the geogrid is subjected to the vertical load of traffic (Hatami et al. 2011a). 

 

3.2. Fabrication of a new pullout box 

A new pullout test box with the dimensions 6 ft (H) × 3 ft (W) × 2.5 ft (H) was fabricated in the 

OU Fears laboratory to carry out pullout tests on geogrids in aggregates (Figure 59). 

 

 
Figure 59. One of the two pullout test boxes at the OU Fears laboratory 
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3.3. Pullout test setup and procedure 

A total of 33 pullout tests were carried out on the eight geogrid products listed in Table 2 and 

Table 3 as per the ASTM D6706 test protocol (ASTM 2009). The pullout tests were carried out 

in ODOT Type-A aggregate which is a widely used dense-graded aggregate in ODOT projects. 

Most of the tests were carried out at 69 psf, 138 psf and 240 psf overburden pressures. 

Additional tests were carried out at other overburden pressures (e.g. 101 psf and 112 psf) to 

improve the accuracy of the results. These overburden pressures on the geogrid-aggregate 

interface were primarily due to the weight of a compacted aggregate layer of different 

thicknesses on the top of the interface in the pullout box. The overburden pressures 69 psf, 101 

psf, 112 psf and 138 psf were generated using aggregate thicknesses of 6 inches, 9 inches, 10 

inches and 12 inches, respectively. In the case of the 240 overburden pressure, an airbag was 

used on the top of a 12 inch-thick aggregate layer to apply the additional pressure needed. These 

pressure levels resemble field conditions (outside the tire pressure bulb) where pullout (as 

opposed to geogrid rupture) would be the likely failure mechanism. Pullout tests on biaxial and 

triaxial geogrid specimens were carried out in the machine direction. However, due to the 

distinctive geometry of triaxial products (i.e. EGG3 and EGG4), the MD geogrid ribs are 

actually at 30
 o
 angles diagonally from the machine direction on both sides (Figure 78).  

 

Different steps of the pullout tests are depicted in Figure 60 through Figure 69. The pullout 

force was applied to the geogrid specimen using a 4.5-kip, servo-controlled hydraulic actuator. 

The geogrid specimen was connected to the actuator through a roller clamp (Figure 69). 

Displacement of the geogrid specimen was measured and recorded in four different locations 

along their length using wire potentiometers (Figure 64).  

 

 

 
Figure 60. Pullout test box before placing the aggregate 
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Figure 61. Compacted aggregate in the pullout box (the 8 inch-wide lower steel sleeve can be 

seen in the foreground)  

 

 
Figure 62. Drilling the geogrid junctions to connect the extensometers 
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Figure 63. Connecting wires to geogrid specimen 

 

 

 
Figure 64. Tell-tale wires connected to wire potentiometers 
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Figure 65. A separator geotextile is placed on the top of the aggregate 

 

 
Figure 66. An earth pressure cell is placed on a 1 inch sand layer on the top of the aggregate  

 

 
Figure 67. Air bag is used (if necessary) to generate additional overburden pressure on the 

geogrid-aggregate interface 
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Figure 68. The pullout test box is closed before the test 

 

 

 
Figure 69. The geogrid is connected to the roller clamp 

 

Figure 70 through Figure 82 show condition of geogrid products related to some pullout tests. 
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Figure 70. EGG1 geogrid after pullout test 

 

 
Figure 71. WGG2 geogrid before pullout test 
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Figure 72. WGG2 geogrid after pullout test 

 

 
Figure 73. WGG3 geogrid before pullout test 
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Figure 74. WGG3 geogrid after pullout test 

 

 
Figure 75. KGG1 geogrid before pullout test 
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Figure 76. KGG1 geogrid after pullout test  

 

Three pullout tests were carried out on EGG2 (single layer) geogrid with a 2-ft embedded length 

at 69 psf, 101 psf and 138 psf overburden pressures (Figure 77).  

 

 
Figure 77. EGG2 geogrid before pullout test 

 

Four pullout tests were carried out on EGG3 geogrid specimens (Figure 78). Three of the tests 

were carried out on 2-ft-long specimens subjected to 69 psf, 101 psf and 138 psf overburden 

pressures. One repeat test was carried out at 69 psf overburden pressure to improve the accuracy 

of the test data. 
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Figure 78. EGG3 geogrid before pullout test 

 

 
Figure 79. EGG3 geogrid after pullout test  

 

Figure 80 shows an EGG4 geogrid sample which is prepared for pullout test. Figure 81 and 

Figure 82 show the condition of geogrid specimens after pullout tests subjected to 69 psf and 

138 psf overburden pressures, respectively. 
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 Figure 80. EGG4 geogrid before pullout test 

 

 
Figure 81. EGG4 geogrid after pullout test subjected to 69 psf overburden pressure 

 

 
Figure 82. EGG4 geogrid after pullout test subjected to 138 psf overburden pressure 
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Two additional pullout tests were carried out on 2-ft-long (embedment length) EGG1 and WGG1 

geogrid specimens at 69 psf overburden pressure. A summary of all pullout tests on geogrid 

products in this study is given in Table 15.  

 

Table 15. Summary of pullout tests on geogrids in this study 

 
Notes:  SRSJ: Strong Rib Strong Junction (Figure 4)  

SRWJ: Strong Rib Weak Junction  

WRSJ: Weak Rib Strong Junction 
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3.4. Pullout test results and analysis 

Pullout responses of the geogrid products listed in Table 15 subjected to different confining 

pressures are shown in Figure 83 through Figure 108.  

 
Figure 83. Pullout response results of EGG1 geogrid in ODOT Type-A aggregate subjected to 69 

psf overburden pressure (WP: Wire-line Potentiometers) 

  
Figure 84. Pullout response results of EGG1 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 
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Figure 85. Pullout response results of EGG1 geogrid in ODOT Type-A aggregate subjected to 

240 psf overburden pressure 

 

 
Figure 86. Pullout response results of WGG1 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 
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Figure 87. Pullout response results of WGG1 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 

  
Figure 88. Pullout response results of WGG1 geogrid in ODOT Type-A aggregate subjected to 

240 psf overburden pressure 
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Figure 89. Pullout response results of WGG2 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 

  
Figure 90. Pullout response results of WGG2 geogrid in ODOT Type-A aggregate subjected to 

103 psf overburden pressure 
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Figure 91. Pullout response results of WGG2 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 

   
Figure 92. Pullout response results of WGG2 geogrid in ODOT Type-A aggregate subjected to 

240 psf overburden pressure 
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Figure 93. Pullout response results of WGG3 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 

    
Figure 94. Pullout response results of WGG3 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 
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Figure 95. Pullout response results of WGG3 geogrid in ODOT Type-A aggregate subjected to 

240 psf overburden pressure 

   
Figure 96. Pullout response results of KGG1 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 
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Figure 97. Pullout response results of KGG1 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 

 

After the pullout test on the KGG1 geogrid at 240 psf overburden pressure was completed 

(Figure 98), it was noticed that some junctions (especially those connected to the brass wires) 

had been ruptured. However, no ribs were found to have been ruptured. This failure pattern for 

the KGG1 geogrid is consistent with its classification in Figure 4 as a comparatively weak-

junction but strong-rib geogrid (Section 2.1.2. DOT agencies data.). 
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Figure 98. Pullout response results of KGG1 geogrid in ODOT Type-A aggregate subjected to 

240 psf overburden pressure  

 

  
Figure 99. Pullout response results of EGG2 (single layer) geogrid in ODOT Type-A aggregate 

subjected to 103 psf overburden pressure  
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Figure 100. Pullout response results of EGG2 (single layer) geogrid in ODOT Type-A aggregate 

subjected to 138 psf overburden pressure  

 

 
Figure 101. Pullout response results of EGG4 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 



75 

 

 
Figure 102. Pullout response results of EGG4 geogrid in ODOT Type-A aggregate subjected to 

103 psf overburden pressure  

 

 
Figure 103. Pullout response results of EGG4 geogrid in ODOT Type-A aggregate subjected to 

138 psf overburden pressure 
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Figure 104. Pullout response results of EGG3 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure 

 
Figure 105. Pullout response results of EGG3 geogrid in ODOT Type-A aggregate subjected to 

69 psf overburden pressure (2 ft embedment length) 

 


