
Technical note

Performance of the new reinforcement system in the increase of shear
strength of typical geogrid interface with soil

M. Mosallanezhad a, *, M.C. Alfaro b, 2, N. Hataf a, 1, S.H. Sadat Taghavi c, 3

a Department of Civil and Environmental Engineering, Shiraz University, Shiraz, Iran
b Department of Civil Engineering, University of Manitoba, Winnipeg, MB R3T 2N2, Canada
c Young Researchers and Elite Club, Shiraz Branch, Islamic Azad University, Shiraz, Iran

a r t i c l e i n f o

Article history:
Received 6 September 2014
Received in revised form
25 June 2015
Accepted 8 July 2015
Available online 29 July 2015

Keywords:
Geosynthetics
Grideanchor
Interfaces
Laboratory tests
Direct shear test

a b s t r a c t

In recent years, the study of the shear strength of soil with geosynthetics has caught the attention of
scholars. In this study, by changing the traditional geogrid structure and adding polymeric anchors to the
reinforcement grid, naming it GrideAnchor (GeA), it is sought to experimentally analyze the perfor-
mance of this new system by increasing the Coefficient of Interaction Ratio in Direct Shear (CIRDS). To
achieve this, 16 large-scale direct shear tests were conducted on a typical geogrid and GeA system. The
results of this showed that CIRDS is, on average, 1.45 times greater. In other words, the interaction be-
tween soil and the reinforcement in GeA system increases by almost 50% compared to that of typical
geogrid regarding direct shear mechanism.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Geogrid is a member of the geosynthetic family, which is widely
used for optimizing soil mechanical features in geotechnical engi-
neering. The use of reinforcement elements increases the resisting
forces in the soil mass through tensile forces mobilized in these
elements. As a result, there is a reduction in horizontal de-
formations and an increase in the general stability of soil structures
(Mohiuddin, 2003). Thus, the correct estimation of the parameters
of soilegeosynthetic interface, i.e. interface friction angle (da) and
adhesion (ca) is of great importance in the design of reinforced soil
structures (Ghazavi and Ghaffari, 2013; Hatami and Esmaili, 2015).
In general, the interaction between soil and geogrid is more
complicated than the interaction between soil and geotextile. The
interaction between soil and geogrid can be determined from the
sum of three mechanisms. The first is the friction between the soil

and solid surface of the reinforcement. Secondly, the friction be-
tween the soils enclosed in the apertures of the reinforcement and
its surroundings. Lastly, the mobilized passive strength against
bearing members (Jewell et al., 1984). Jewell et al. (1984) believe
that only the first twomechanisms can be mobilized along the soil-
geogrid interface in a direct shear test. However, recent findings
show that the third mechanism contributes to the increase in shear
strength of the interface between soil and geogrid, too (Liu et al.,
2009a,b). In Fig. 1, a number of possible failure mechanisms of
reinforced soil are provided. In terms of Region A, sliding of the soil
mass on the reinforcement can happen. In this case, a direct shear
test (with the reinforcement placed horizontally) can be employed,
to determine the parameters of the interaction between the soil
and the reinforcement in the direct sliding mechanism. Region B
shows a situation where the pull-out mechanism is active and the
reinforcement is pulled out; here, a pull-out test must be used
(Moraci et al., 2014). In Region C, where the failure surface in-
tercepts the reinforcement plane, the soil and reinforcement are
sheared; therefore, a direct shear test with the reinforcement in-
clined to the shear plane can be employed (Palmeira and Milligan,
1989; Palmeira, 2009). Since 1990, Direct Shear Apparatus (DSA)
tests have been substantially extended to determine the apparent
friction of the interface between soil and the reinforcement ele-
ments (Hausmann, 1990). The shear strength at the interface
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between soil and geosynthetic depends on various factors. These
include geosynthetic type, specimen size, drainage conditions,
displacement rate and other parameters (Dixon, 2010; ASTM
D5321, 2008).

Various scholars have developed a range of DSAs to study the
interaction behaviour between soil and geosynthetic. Diverse
criteria impacts their results such as shear box sizes, constraints
applied by loading platen, normal stress applying system and the
gap size between two shear boxes (Liu et al., 2009b). The afore-
mentioned parameters have been analyzed by many scholars
(Jewell and Wroth, 1987; Cerato and Lutenegger, 2006; DeJong
et al., 2003; Palmeira, 1987; Palmeira and Milligan, 1989; Zhang
and Thornton, 2007; Wang et al., 2007; Wang and Gutierrez,
2010; Hsieh and Hsieh, 2003; Jewell, 1989; Lings and Dietz, 2004;
Kostkanov�a and Herle, 2012; Simoni and Houlsby, 2006; Kim
et al., 2012; Lopes and Silvano, 2010). Mosallanezhad et al. (2008)
introduced a new reinforcement system made by adding poly-
meric anchors to typical geogrids for the first time. They named this
system “GrideAnchor” (GeA) (Fig. 2). The anchors are made from
10 � 10 � 10 mm cubic elements mounted on elastic strips that are
attached with specific angles to the geogrids. The performance of
this system in increasing its interaction with soil in direct sliding
mechanism has been experimentally evaluated and compared to
typical geogrids.

It is important to note that both anchors and geogrids are made
from high-density polyethylene (HDPE) and the surfaces of the
anchors are smooth. The GeA system's performance has been
analyzed by different scholars in other research areas like static and
dynamic analyses of the bearing capacity of shallow foundations
(Alamshahi and Hataf, 2009; Mosallanezhad et al., 2010; Hataf
et al., 2010; Boushehrian et al., 2009, 2011).

2. Direct shear system

To study the performance of GeA system in comparison to
typical geogrids, a number of large-scale direct shear tests have
been conducted. The device used in this study is capable of
achieving both pull-out and direct shear tests. This device was built
according to ASTM D6706-01. This is the standard for measuring
the pull-out resistance of geosynthetics in soil. It also has the ability
to conduct direct shear tests, provided that its cap is exchanged
accordingly. This study's test box was 1200 mm long, 600 mm
width and 400 mm deep. According to ASTM D5321-02, the shear
boxmust be at least 300mmby 300mm for direct shear test for the
interface between soil and geosynthetic. In this study, the device
cap of the pull-out test was exchanged for one of 150 mm height
with an aperture of 600 mm by 600 mm (Fig. 3).

In general, to apply vertical pressure in a direct shear test, a rigid
plate and a hydraulic jack or flexible pressurized bag that is filled
either with air or water are used. Gourc et al. (1996) state that if a
rigid plate is used to apply the vertical pressure, the vertical
stresses are greater on the horizontal surface in front of the test box
than in its back. At the same time, if a flexible pressurized bag filled
with water or air is used, the distribution of pressure along the
specimen top is more uniform in each step of the test. Thus, in this
study, a flexible pressurized bag was used to apply the overburden
pressure. Additionally, to measure the vertical and horizontal dis-
placements, a number of LVDTs were used.

3. Test materials

To conduct these tests, well-graded sand (SW), according to the
Unified Soil Classification System was used. This had the particle
size distribution curve shown in Fig. 4. Furthermore, the shear
strength parameters of the sand were determined by conducting a

Fig. 1. Interaction mechanisms in a geosynthetic reinforced soil wall (modified from
Palmeira, 2009).

Fig. 2. (a) Typical geogrids; and (b) Grideanchor (GeA).
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