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ABSTRACT 
 
One of the design parameters influencing the performance of a mechanically stabilized earth 
system can be determined using laboratory pullout tests.  This paper describes a laboratory pullout 
testing program that investigated the interaction of various types of geogrid reinforcement as well 
as metal and geosynthetic straps embedded within foamed glass aggregate (FGA).   FGA is an 
alternative to traditional lightweight fill materials and has been widely used in Europe over the 
past three decades for roadway, commercial, and residential construction.  Since one of the target 
applications for FGA is in the use of this material as a retaining wall backfill over soft soils, 
laboratory pullout testing was completed for several geogrid and strap systems and the results of 
this program as well as the implication of these values on retaining wall design are described in 
this paper. 
 
INTRODUCTION 
 
While relatively new to the U.S.-market, foamed glass aggregate (FGA) has been produced from 
100% recycled glass in Europe since the early-to-mid-1990s.  The manufacturing method consists 
of milling recycled glass to a fine powder, mixing this powder with a foaming agent, and heating 
this mixture in a kiln to activate the foaming agent.  The temperature drop as the foamed glass 
exits the kiln induces thermal stress into the foamed glass cake, allowing individual gravel-sized 
pieces of aggregate to form.   

Geotechnical engineers often face projects with poor soil conditions or existing structures or 
utilities that necessitate the use of lightweight fill materials.   Often, the concern with constructing 
over soft soils is the serviceability of the proposed structure or embankment as it settles over time.  
For embankments, a common solution to this problem is to undercut some of the existing soils and 
then bring up the height of the embankment with lightweight fill.  Commonly used lightweight 
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materials include expanded shale or expanded clay lightweight aggregate (LWA), foamed 
concrete, pumice, or expanded polystyrene (EPS) geofoam.   The typical ranges in density for 
these materials are: 

• FGA – 128 to 400 kg/m3 (8 to 25 lb/ft3) 
• EPS Geofoam – 11 to 160 kg/m3 (0.7 to 10 lb/ft3) 
• Foamed concrete – 320 to 1920 kg/m3 (20 to 120 lb/ft3) 
• LWA– 720 to 1040 kg/m3 (45 to 65 lb/ft3) 

 
Mechanically stabilized earth (MSE) walls are common and economical options for earth retaining 
systems.  MSE wall systems are often employed to expand roadways with additional lanes or 
widened shoulders, in bridge abutments, for interchange or approach ramps, or in other areas where 
right-of-way is limited.  A MSE wall often represents a significant surcharge load on subgrade 
soils as they commonly span grade changes from a few feet to tens of feet.  Very often, these areas 
where MSE walls are to be constructed have soft subgrade soils (typical of areas adjacent to 
waterways) or have underlying existing utilities that run parallel to the existing roadway.  Thus, 
there is a need in some cases to design MSE systems that utilize lightweight backfill soils such as 
FGA.   

This paper describes the pertinent physical and engineering properties of FGA for use as 
MSE wall backfill, a description of the full-scale pullout testing equipment and program, and 
results and conclusions from the testing program. 
 
MSE BACKFILL PROPERTIES VS. FOAMED GLASS AGGREGATE 
 
American Association of Highway State Officials (AASHTO) has set forth requirements for MSE 
backfill material in the Load Resistance Factor Design (LRFD) Bridge Construction Specifications 
(2017).  Table 1 provides the AASHTO requirement for gradation in general accordance with 
AASHTO T 27 (AASHTO 2014) and the FGA reported values, respectively.  A typical grain size 
distribution for FGA pre-compaction is shown in Figure 1.  Figure 1 shows that the provided FGA 
gradation meets the AASHTO gradation requirements. Post-compaction analyses on FGA show 
some breakdown of the material, but the FGA will still have a grain size distribution within the 
AASHTO limits shown in Table 1.  Additionally, FGA is non-plastic and therefore has a PI of less 
than 6% in general accordance with AASHTO T 90 (AASHTO 2016).  
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Table 1. Gradation Requirements for MSE Wall Backfill and Pre-Compacted FGA Gradation 
 
 
 
 
 
 
 
 
 

 

 
Figure 1. Grain size distribution for FGA 

 
In terms of shear strength parameters, AASHTO requires a minimum internal friction angle in 
general accordance with AASHTO T 236 (AASHTO 2008) and/or ASTM D3080 (ASTM 2011) 
of 34 degrees or higher; however, no testing is required for backfills where 80 percent of particle 
sizes are greater than 20 mm (0.75 inch).   While the FGA does meet this gradation threshold pre- 
and post-compaction, direct shear testing has yielded peak and large displacement internal friction 
angles of 56 and 54 degrees and peak and large displacement cohesions of 2.87 and 0.96 kPa, 
respectively, for a normal stress range of 2.4 to 57.5 kPa (50 to 1200 psf) using a 600 mm by 600 

Sieve Size AASHTO Gradation 
Requirements for MSE 

Wall Backfill  
(AASHTO 2017) 
Percent Passing 

FGA Gradation 
(Pre-

compaction) 
Percent Passing 

100 mm (4.0 inch)  100 100 
63 mm (2.5 inch) - 85-100 
9.5 mm (3/8 inch) - 0-15 
425 µm (No. 40)  0-60 - 
75 µm (No. 200)  0-15 - 
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mm (12 in by 12 in) direct shear box as shown in Figure 2.  The FGA was compacted under dry 
conditions to a dry density of approximately 240 kg/m3 (15 lb/ft3) for each test. For the geogrid 
pullout testing, the large displacement shear strength parameters were utilized. 
 

 
Figure 2. Direct shear test results 

 
For soundness, AASHTO (2017) requires a magnesium sulfate soundness loss of less than 30 
percent after four cycles.  Magnesium sulfate soundness testing on the FGA shows loss values of 
less than 14 percent.  In the case of MSE walls constructed with steel reinforcements, AASHTO 
(2017) sets additional electrochemical requirements.  These limits and the reported values for the 
FGA are shown in Table 2. 
 

Table 2. AASHTO Electrochemical Requirements for MSE Wall Backfill and FGA 
Reported Values 

 
Parameter AASHTO (2017) 

Requirement for MSE 
Wall Backfill 

Reported value for FGA 

pH 5 to 10 9.2-9.33 
Resistivity ≥ 30 Ω · m 15,600 Ω · m 
Chlorides ≤ 100 ppm <10 ppm 
Sulfates ≤ 200 ppm 11 ppm 
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PULLOUT TESTING PROGRAM 
 
Full-scale pullout testing utilizing the FGA as backfill and geogrid, steel strip or geostrap 
reinforcement were completed at SGI Testing Services, LLC located in Norcross, GA during 2017.  
The pullout testing was conducted in general accordance with ASTM D 6706 (ASTM 2013) under 
a constant rate of displacement of 1 mm/minute (0.04 in/minute) for a normal stress range of 1.9 
to 14.4 kPa (40 to 300 psf).  The FGA was compacted under dry conditions to a dry density of 
approximately 240 kg/m3 (15 lb/ft3) for each test. The pullout box and testing setup for geogrid 
reinforcement is shown schematically in Figures 3 and 4.  A photograph of pullout box is shown 
in Figure 5.   

 
Figure 3.  Schematic plan view of the pullout box with geogrid reinforcement 

 

 
Figure 4.  Schematic profile view of the pullout box with geogrid reinforcement 
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Figure 5. Photograph of the pullout box  
 
Four different types of reinforcement were evaluated during this initial testing program.  Details 
regarding each of the types of reinforcement are provided in Tables 3 and 4. 
 

Table 3. Geogrid reinforcement details 
 

ID R01 R02 
Geogrid Type Uniaxial Uniaxial 

Polymer Type Polyester Multifilament, 
PVC Coating HDPE 

Opening Size 33 mm x 22 mm 368 mm x 17 mm 
Tult (MD) [MARV] 108 kN/m 114 kN/m 
Embedment Length  1219 mm 1016 mm 
Specimen Width  381 mm 381 mm 

 
Table 4. Strap reinforcement details 

 
ID R03 R04 

Product Type 2" Wide Steel Strips 
(Ribbed) geostrap 

Material Type Galvanized Steel Polyester Fibers in 
Polyethylene Sheath 

Width 50 mm 50 mm 
Thickness 4 mm 4 mm 
Strength Fy/Fult = 450/520 MPa TChar = 50 kN 
Embedment Length 1219 mm 1219 mm 
Specimen Width (total) 50 mm 100 mm 
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RESULTS AND DISCUSSION 
 
The results from the two pullout test series on the uniaxial geogrids (R01 and R02) are presented 
in Table 5 and shown in Figure 6(a) and 6(b).  Both geogrids have similar ultimate tensile strengths 
in the machine direction but have very different aperture opening sizes.  R01 geogrid yielded 
higher maximum pullout resistance and coefficient of interaction (Ci) values for all normal stresses 
tested, where Ci was calculated as follows using Equation 1: 
 

𝐶𝐶𝑖𝑖 = 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
2𝐿𝐿(𝜎𝜎𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡+𝑐𝑐)                    (Eq. 1) 

 
where Pmax is the maximum pullout resistance, L is the embedment length for the reinforcement, 
σn is the normal stress, and φ of 54° and c of 0.96 kPa are the large displacement shear strength 
parameters for the FGA measured from the direct shear tests. 
 

Table 5. Results from pullout test series on the uniaxial geogrids (R01 and R02) 
 

Normal 
Stress 
(kPa) 

R01 Geogrid R02 Geogrid 
Width 

(m) 
Length 

(m) 
Pmax 

(kN/m) 
Ci Width 

(m) 
Length 

(m) 
Pmax 

(kN/m) 
Ci 

1.91 0.38 1.22 10.51 1.20 0.38 1.01  5.72 0.78 
7.67 0.38 1.22 28.45 1.01 0.38 1.01 16.09 0.69 
14.36 0.38 1.22 47.67 0.94 0.38 1.01 26.32 0.62 

 

   
(a) (b) 

 
Figure 6. Results from pullout testing on reinforcements (a) R01 and (b) R02. 
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A combination of interface friction and passive soil resistance against transverse elements 
contribute to the pullout resistance of each type of geogrid reinforcement.  The contribution of 
these mechanisms is influenced by the geometry of the specific reinforcement (width of geogrids, 
thickness of geogrid ribs, aperture size, etc.) and the frictional interaction of the backfill with the 
reinforcement (NHI 2009).   

It is likely that passive soil resistance was a greater contributor for R01 geogrid, which had 
a larger number of transverse ribs within the pullout specimen when compared to the R02 geogrid.  
However, the transverse aperture size for both the R01 geogrid and R02 geogrid were smaller than 
the average particle diameter (D50) of 30 mm (1.2 in) of the FGA.  Therefore, the interface friction 
between the geogrid ribs and the FGA is presumed to provide a greater contributing mechanism to 
the performance of the R01 geogrid.  Additionally, the R02 geogrid was manufactured from HDPE 
which provides a smoother but more rigid geogrid structure than the R01geogrid, which was 
manufactured from PVC coated polyester multifilament yarns and is a more flexible geogrid 
structure.  The difference in the construction of these two geogrids also has an influence on the 
interface friction developed between the FGA and the geogrid during the pullout test. 

The results from the two pullout test series on the reinforcement steel strips and geostraps 
(R03 and R04) are presented in Table 6 and shown in Figure 7(a) and 7(b).  It should be noted that 
when conducting the pullout tests on the R04 geostrap there were two R04 geostraps placed 
parallel and spaced 64 mm (2.5 in) apart within the pullout box.  Pullout tests on reinforcement 
steel strips and geostrap materials are generally conducted until a maximum pullout resistance 
(Pmax) is achieved, however within the reinforcement steel strip and geostrap industry it is generally 
accepted to report the pullout resistance after a total displacement of 19 mm (0.75 in). Therefore, 
the pullout resistance at 19 mm of displacement (P19mm) is reported and was used to calculate Ci at 

19 mm using Equation 1. Both values are presented in Table 6. In addition, the coefficient of apparent 
friction at 19 mm displacement (F*19 mm) was calculated for each pullout test using Equation 2 as 
follows: 
 

𝐹𝐹∗19 𝑚𝑚𝑚𝑚 = 𝑃𝑃19𝑚𝑚𝑚𝑚
2𝑊𝑊𝐿𝐿(𝜎𝜎𝑛𝑛)                (Eq. 2) 

 
Where P19 mm is the pullout resistance at 19 mm displacement, L is the embedment length for the 
reinforcement, W is the total specimen width, and σn is the normal stress. The F*19 mm is typically 
used by the reinforcement steel strip and geostrap industry to express coefficient of interface 
friction between the reinforcement material and the soil that is independent of the soils shear 
strength (τ = c + tan Φ).  Unlike the value of Ci which relates the shear strength of the interface 
between the reinforcement material and soil with the soil shear strength, F* solely represents the 
interface performance between the reinforcement material and soil. 
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Table 6. Results from pullout test series on reinforcement strips (R03 and R04) 
 

Normal 
Stress 
(kPa) 

R03 steel strip R04 geostrap 
Width 

(m) 
Length 

(m) 
Pmax 
(kN) 

P19mm 
(kN) 

Ci at 

19mm 
F*19mm Width 

(m) 
Length 

(m) 
Pmax 
(kN) 

P19mm 
(kN) 

Ci at 

19mm 
F*19mm 

1.91 0.05 1.22 1.40 1.40 3.13 5.88 0.10 1.22 1.18 1.07 1.20 2.25 
4.78 0.05 1.22 3.22 2.74 2.92 4.61 0.10 1.22 2.10 1.80 0.96 1.52 
7.67 0.05 1.22 4.09 3.50 2.45 3.69 0.10 1.22 2.40 1.97 0.69 1.04 
11.25 0.05 1.22 5.17 4.47 2.19 3.21 0.10 1.22 2.93 2.56 0.63 0.92 
14.36 0.05 1.22 5.58 5.01 1.95 2.81 0.10 1.22 3.42 3.07 0.60 0.86 

 

   
   (a)       (b) 
 

Figure 7. Results from pullout testing on reinforcements (a) R03 and (b) R04.  Note the 
pullout test on R04 utilized two straps spaced 64 mm apart parallel. 

 
The maximum pullout resistance for the R03 reinforcement tests were between 1.18 and 1.63 times 
greater than the R04 reinforcement test values under the same normal stress conditions.  However, 
because two R04 reinforcement straps were tested (i.e. doubling the width of the specimen), the 
coefficient of apparent friction at 19 mm displacement (F* 19 mm) and the Ci at 19 mm values were 
between 2.6 and 3.3 times greater for the R03 reinforcement compared to R04 reinforcement. 
Despite the relative differences and comparisons of the pullout test results made between these 
various reinforcement materials, a MSE structure can be designed using the results of these pullout 
tests for any of the reinforcement materials tested in this study.  In addition, there was no damage 
observed to any of the reinforcement materials due to the FGA and very little crushing of the FGA 
occurred due to the applied normal and shear stresses as shown in Figure 1.  
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CONCLUSION 
 
Foamed glass aggregate (FGA) is a lightweight aggregate relatively new to the U.S. market.  As 
lightweight materials are often needed as fill in retaining structures, a program involving 
laboratory scale pullout testing of four different types of reinforcement with FGA was completed 
in 2017.  The results of this testing will enable the design of MSE structures with FGA. 
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