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ABSTRACT: In this study, existing guidelines in the world on suitable backfill soil characteristics are presented. Soil-geogrid 

interaction coefficient is defined and based on the existing direct shear test results, examples of interface coefficients are presented for 

different soil and geogrid types, the varying parameters are also summarized. Large direct shear tests using different soils and 

geogrids are being conducted to determine the behavior of geogrid-soil interaction under 20-150 kPa normal stresses. Samples 

completely having granular particles (GW and GP with 0% fines) and clayey gravel (GC) samples having 12%, 20%, 30% and 40% 

fines contents; plasticity indexes of 5% to 15% alternatives are being tested. Two different types of geogrids are considered in the 

experiments, both of them are biaxial geogrids with multifilament polyester yarns. These geogrids will have the same mechanical 

properties and aperture pattern, however one of them has in-place drainage channels through its straps filled with geotextile allowing 

the dissipation of excess pore water pressure. Effect of fines content and plasticity index into the interface shear strength mechanism 

are to be evaluated with the goal of determining the critical fines content and plasticity which governs the interaction behavior. Bond 

coefficients and interface shear properties of geogrid reinforced marginal backfills can be useful for numerical simulation and the 

evaluation of long term performance and displacement predictions of the slope or MSE wall.   

 

1  INTRODUCTION 

Majority of design guidelines and technical manuals for 
geogrid reinforced soil walls and slopes (GRSWS), 
recommends use of freely draining granular soils as backfill 
materials for their advantages of stable engineering properties 
in long term such as their high frictional resistance, good 
drainage and compaction characteristics. Studies on soil 
reinforcement with geosynthetics mostly focus on clean 
granular soils as backfill materials. However the cost, 
availability and transportation of clean granular fill material 
could raise the construction costs drastically. Clean granular fill 
materials, in some countries, could be the most expensive 
component of a reinforced soil retaining system, typically 
corresponding to 40% of the total construction costs (Durukan 
and Tezcan 1992).  
Considering its economic advantages, life-cycle cost reduction, 
together with sustainability and environmental impact such as 
reduction in carbon emissions, disposal of excavated material 
on site, using locally available site materials as backfill soils 
have become popular in recent years. Research indicates that 
poor quality fill material which is composed of predominantly 
granular soils including high fines content (marginal material) 
can be successfully used as backfill material as long as adequate 
drainage is provided in the body of the structure (Kempton et al, 
2000, Lopez et al, 2005, Zornberg & Kang, 2005, Boardman, 
1998 & Heshmati, 1993). Therefore, use of marginal fills in 
geogrid-reinforcement applications have become a topic of 
research especially in recent years.  

1 .1  Marginal fills and restrictions for suitable fill material  

There are some concerns regarding the use of marginal soils as 
backfill materials such as pore water pressure build up in the 
fill, difficulty in compaction, reduction in shear resistance. 
Although research indicates that these problems can be 
overcome with the application of suitable drainage systems, 
(Fabian and Fourie 1986 points out that reinforcements with 
high transmissivity can increase the undrained strength of clay 
by up to 40%, Abdi et. al 2009). Only a few of the design 
guidelines consider the fine grained soils (Table 1). 
 

Table 1. Restrictions for suitable fill materials for GRSWS 

Code of Practice  Restrictions about the fill material 

BS 8006 (1996) UK 
Cohesive fills may be used in new or reinstated slopes 

combination with the appropriate reinforcement 

HA 68/94 (1994) UK Does not prohibit the use of cohesive fills 

FHWA (2001) USA 
Permits the use of soils with up to 15% passing the  

No.200 sieve (0.075mm) 

FHWA (2009) USA 

(*) 

US. Seive Size Percent Passing (%) 

4 in (102mm) 100 

No. 40 (0.425mm) 0-60 

No.200 (0.075mm) 0-15 
 

Plasticity Index, PI ≤ 6% (AASHTO T-90) 
 

According to NCHRP (24-22) study, reinforced fill with 

up to 35% passing a No. 200 (0.075 mm) sieve could be 

allowed in the reinforced fill provided that properties of 

the materials are well defined. Drainage, corrosion 

deformations, short-long term pullout reinforcement must 

be carefully issued. Tests to analyze soil/reinforcement 

interface must be performed. 

Geoguide 6 (2002) 

Hong Kong 

Permits the use of soils with up to 30% passing the 

No.200 sieve (0.075 mm) 

AASHTO 2000  

Standard Specifications

for Highway Bridges 

(*) 

Same particle gradation restrictions with FHWA (2009) 

USA 

PI ≤ 6% (AASHTO T-90) 

NCMA (2006)    

Design of Segmental 

Retaining Wall 

 

US. Seive Size Percent Passing (%) 

4 in (102 mm) 100-75 

No. 4 (4.76 mm) 100-20 

No. 40 (0.425 mm) 
 -60 

No.200 (0.075 mm) 
 -35 

  Soils with low plasticity should be used: LL < 40%,

      PI < 20% 

 
Percent of fines, plasticity index and particle size distribution 
are critical parameters in determination of suitable fill material 
according to different codes. There is a lack of clarity in the 
design process and analysis for fine grained soils or granular 
soils with up to 40% fines content (Raja et al. 2012). Therefore, 
further work and studies are needed to investigate the 
geosynthetic - marginal material interaction behavior. 
Collecting data from laboratory and field studies whereby 
creating a database, together with extensive laboratory studies 
on different marginal fill materials’ interaction may eventually 
lead to an update of design guidelines. Additionally, it will also 
help to accurately predict the real soil - reinforcement 
interaction behavior with numerical models. 

2  INTERFACE SHEAR STRENGTH COEFFICIENT   

Interface shear strength coefficient is the quantitative 
expression of the interaction between the soil and geogrid 
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which is the ratio of shear strength between the soil-geogrid 
(τsoil-geogrid) to shear strength of soil itself (τsoil). 

 
α = τsoil-geogrid / τsoil           (1) 

 

Large direct shear tests are one of the most common test 
methods for the evaluation of soil - geogrid interaction 
mechanism. In direct shear mode, soil-geogrid friction along the 
surface of the geogrid contact and shear strength of soil 
particles between the geogrid openings are the main 
components of shear strength developed in the soil-geogrid 
interface (τsoil-geogrid). Although, passive resistance caused by the 
transverse ribs of the geogrid is seen as negligible by some 
researchers (Jewell et al. 1985 and Lopez 2002), there are 
others (Bergado et al. 1993, Liu et al. 2009) suggesting that 
transverse ribs contributes to the development of interface shear 
strength in some percentage (Liu et al. 2009). Examples of 
interface shear strength coefficients obtained from large scale 
direct shear test results are presented in Table 2. 
 
Table 2. Interface shear strength coefficients of soil/geogrid estimated 

by conducting large scale direct shear tests (Liu et al. 2009) 

Soil Type α (Polymer Type) Reference 

Sand 

1.04 (HDPE)       

1.04-1.12 (PP) 

1.08 (HDPE) 

0.95-1.04 (HDPE) 

0.90-1.05 (PET) 

0.94 (PP) 

0.93-1.01 (PET) 

Cancelli et al. (1992) 

 

 

Cazzuffi et al. (1993) 

Abu-Farsakh and Coronel (2006) 

 

Liu et al. (2009) 

Gravel 

1.08-1.12 (HDPE) 

1.04-1.12 (PP) 

0.83-0.9 (HDPE) 

0.89-1.01(PET) 

Cancelli et al. (1992) 

 

Cazzuffi et al. (1993) 

Liu et al. (2009) 

Clay 

1.0-1.2 (HDPE) 

0.82-1.15 (PET) 

0.94-0.96 (PP) 

0.92-0.99(PET) 

Bergado et al. (1993) 

Abu-Farsakh and Coronel (2006) 

 

Liu et al. (2009) 

 
Normal stress values, soil type - classification, particle size -  
gradation, relative size considering geogrid openings, density, 
moisture content, shear rate, type and properties of geogrid 
materials are common considerations and varying parameters in 
direct shear tests in literature (Table 3). 
 
Table 3. Large direct shear tests in literature regarding soil geogrid 

interaction behavior   

Setup Properties Tested Material Varying Parameters Reference 

300x300x150mm 

Shear rate (SR)= 

1mm/min 

 

3 different SW 

samples 

 

-Particle size (4.5mm, 

7,9 mm, 15.9 mm) 

-Geogrid stiffness 

 (soft, stiff) 

-Normal pressures (96,   

196, 294 kPa) 

Kim and 

Ha (2014) 

1.0m, 1.0m, 1.0m 
Silty sand and 

clayey sand 

-Geogrid strength parameter 

-Percent open area 

-Normal pressures

 50, 100, 200 kPa 

Sieira et 

al.(2009) 

 

450x450x130mm 

SR=1mm/min 

 

SP 

w=4.5%  

ϒ=16,7kN/m3 

-Geogrid tensile strength 

-Percent open area 

-Aperture Pattern 

-Normal pressures  

42, 92,187 kPa 

Liu et al. 

(2009) 

 

300x300x150mm 

SR= 0,25mm/min 

 

Brown Dublin 

Clay, LL=31%,  

PL=16%, 

PI=15%,  

-Behavior of novel geogrid 

having in-plane drainage 

capability vs. conventional 

geogrid 

-Normal pressures  

(111-222 kPa) 

O’Kelly 
and 

Naughton 

(2008) 

 

300x300x200mm 

SR= 1mm/min 

 

Soil Sample: 

Kaolinite (CL)  

LL=53%,PL=3

3%, PI=20%,  

-Thin sand layers 

thicknesses in interface area 

4,6,8,10,12,14 mm 

-Normal pres. 25, 50, 75 kPa 

Abdi et. al 

(2009) 

3  ONGOING STUDIES 

Soil – geogrid interaction in marginal fill materials in direct 
shear mode is being investigated by large direct shear box 
experiments (Figure 1, 300 mm x 300 mm x 100-70 mm). Soil 
type (gradation - classification), fines content and plasticity 
index are chosen as variable parameters for the evaluation of 
marginal material suitability as backfill soil. Soil samples 
having completely clean granular particles (GW and GP with 
0% fines) and clayey gravel (GC) samples having 12%, 20%, 
30% and 40% fines contents are prepared with 5% to 15% 
plasticity index alternatives. Tests are being conducted in the 
normal stress values of 20, 75 and 150 kPa, which cover the 
behavior under low and high normal stresses, up to a wall 
height of about 7-8 m. Two different types of geogrids are 
being used in the experiments, both are biaxial geogrids with 
multifilament polyester yarns. These geogrids will have the 
same mechanical properties and aperture pattern, however one 
of them has in-place drainage channels through its straps filled 
with geotextile allowing the dissipation of excess pore water 
pressure. Consequently, geogrid characteristics such as the 
effect of different strength properties, different aperture size and 
pattern, raw material and production method, ability to provide 
in-place drainage are evaluated. Equipment is instrumented 
with lateral - vertical displacement gages and load cells. 
Interface shear strength and bond coefficients are being 
determined for different soil samples. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Schematic view of direct shear box apparatus 
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