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Abstract. The most soil anchor works have been concerned with the uplift problem on embedded in
non-reinforced soils under pullout test. Symmetrical anchor plates are a foundation system that can be
resisting tensile load with the support of around soil in which symmetrical anchor plate is embedded.
Engineers and authors proved that the uplift response can be improved by grouping the symmetrical anchor
plates, increasing the unit weight, embedment ratio and the size of symmetrical anchor plates. Innovation of
geosynthetics in the field of geotechnical engineering as reinforcement materials found to be possible
solution in symmetrical anchor plate responses. Unfortunately the importance of reinforcement in
submergence has received very little attention by researchers. In this paper, provision of tensile
reinforcement under embedded conditions has been studied through uplift experiments on symmetrical
anchor plates by few researchers. From the test results it has been showed that the provision of geogrid
reinforcement system enhances the uplift response substantially under uplift test although other results are
such as increase the ultimate uplift response of symmetrical anchor plate embedded using geosynthetic and
Grid Fixed Reinforced (GFR) and symmetrical anchor plate improvement is very dependent on geosynthetic
layer length and increases significantly until the amount of beyond that further increase in the layer length
does not show a significant contribution in the anchor response.

Keywords: uplift response; symmetrical anchor plates; geosynthetic; geogrid; reinforced sand

1. Introduction

Symmetrical anchor plates are a foundation system that can be resisting tensile load with the
support of around soil in which symmetrical anchor plate is embedded. It is used by soil structures
as a structural member, primarily to resist uplift loads and overturning moments and to ensure the
structural stability. A wide variety of soil anchor systems (plate, soil hook system, grouted and
helical anchors) have been developed in order to satisfy the increase in foundations to resist the
uplift responses. Engineers and authors proved that the uplift response can be improved by
grouping the symmetrical anchor plates, increasing the unit weight, embedment ratio and the size
of symmetrical anchor plates. Innovation of geosynthetics in the field of civil engineering as
reinforcement materials found to be possible solution in symmetrical anchor plate responses.
Research into the uplift response of symmetrical anchor plates embedded in non-reinforced soil
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has been reported by Bala 1961, Meyerhof and Adams 1968, Vesic 1971, 1972, Hanna et al. 1972,
Meyerhof 1973, Neely et al. 1973, Baset 1977, Das 1978, 1980, Rowe and Davis 1982, Saran et al.
1986, Dickin 1987, although research in the area of symmetrical anchor plates embedded in
reinforced soil such as Johnston 1984, Subbarao et al. 1988, Singh 1992, Rajagopal and SriHari
1996, Niroumand et al. 2010 were less extensive. Its treatment on symmetrical anchor plate
system was first documented by Subbarao et al. (1988). Selvadurai (1989) investigated the
performance of geogrids for anchoring 150 mm diameter and 850 mm long pipelines embedded in
sand. Andreadis and Harvey (1981), Ghaly et al. (1991), Krishnaswamy and Parashar (1992),
Ilamaparuthi and Muthukrishnaiah (2001), Tian and Cassidy (2011) and Niroumand et al. (2011)
were the few known researchers that worked ion reinforced sand under uplift test. Krishnaswamy
and Parashar (1992) investigated the experimental test in reinforced sand bed and others in
non-reinforced. A more extensive experimental study was carried out (Selvadurai 1993) to evaluate
the treatment of a 215 mm diameter pipe with a length of 1610 mm embedded in sand beds
reinforced. The inclusion of geogrids immediately above the pipeline in an inclined setup
increased the uplift response by about 80%. This increased load was sustained for uplift
displacements, mentioned extend of ductility. The uplift response of symmetrical anchor plates
embedded in sand bed with geosynthetic reinforcement material was studied by Krishnaswamy
and Parashar (1991). Krishnaswamy and Parashar (1994) investigated the uplift response of
symmetrical anchor plates such as circular anchor plates (60 mm in diameter) and rectangular
plates (53 mm wide with lengths varying from 23.8 to 53 mm) embedded in clay and sand with
and without geosynthetics. Placing the geosynthetics directly on the symmetrical anchor plate was
proved to be beneficial in achieving maximum increase in the uplift response although they
founded that two layers of geogrid reinforcement does not increase the uplift capacity
predominantly. llamparuthi and Dickin (2001) investigated an extensive study on the treatment of
belled pile anchors in reinforced sand bed and formulated a hyperbolic method for the breakout
factor. Ravichandran and Ilamparuthi (2004) evaluated the treatment of rectangular anchor plates
in the non-reinforced and reinforced cohesionless soil bed. Kingshri et al. (2005) evaluated two
series of experimental tests to understand the influence of stiffness and opening size of
geosynthetic reinforcement materials on the uplift capacity of rectangular anchor plates. First
series of tests were on combination of geocomposite and geogrid and the second series of tests
were on two layers of geogrid as reinforcements and concluded that the performance of
geocomposite & geogrid (two layer) combination was found to be effective in resisting uplift
response than two combined layers of geogrids.

2. Symmetrical anchor plates in non-reinforced

The performance of symmetrical anchor plates worked by many researchers in non-reinforced
sand but relatively little is known about the performance of symmetrical anchor plates in
reinforced soil bed. Johnston (1986) investigated the pullout response of geogrids. Subbarao et al.
(1988) evaluated the improvement in pullout load by using geotextiles as ties to symmetrical
anchor plates embedded in sand. Experimental tests were conducted on reinforced concrete model
symmetrical anchor plates of cylindrical and belled shape, polypropylene ties of width 55 mm and
thickness 0.72 mm being used. Results showed that symmetrical anchor plates with geotextile ties
offered greater uplift response than those without ties. Furthermore, the single layers of ties close
to the symmetrical anchor plates were reported to be more effective than the use of multiple layers.
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Fig. 1 Failure mechanism for various uplift design methods

Failure mechanism for various uplift design methods illustrated in Fig. 1.

3. Symmetrical anchor plates in reinforced

Increasing use of anchors to resist and sustain uplift forces may be achieved by increasing the
size and depth of an anchor or the improvement of soil in which these anchors are embedded, or
both. In restricted situations, increasing the size and depth of an anchor may not be economical
compared with other alternatives. On the other hand, soil improvement can be attained by the
inclusion of soil reinforcement to resist larger uplift forces. However, few investigations on the
behavior of horizontal plates in a reinforced soil bed under uplift loads were reported. Subbarao et
al. 1988 studied the improvement in pullout capacity by using geotextiles as ties to reinforced
concrete model anchors embedded in sand. Selvadurai (1989, 1993) reported significant
enhancement, of the order of 80 to 100%, in the uplift capacity of pipelines embedded in fine and
coarse-grained soil beds reinforced by inclusion of geogrids immediately above the pipeline in an
inclined configuration. Krishnaswamy and Parashar (1991, 1994) studied the uplift behavior of
circular plates and rectangular plates embedded in cohesive and cohesionless soils with and
without geosynthetic reinforcement and reported that the geocomposite reinforcement offered
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higher uplift resistance than both geogrid and geotextile reinforcement.

llamparuthi and Dickin (2001) investigated the behaviour of soil reinforcement on the uplift
response of piles embedded in sand through model test with cylindrical gravel-filles geogrid sell
was placed near pile base. Authors were reported increases the uplift response of piles with many
factors such as diameter of the geogrid cell, sand density, pile bell diameter, and embedment as

illustrated in Figs. 2 and 3.
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Fig. 2 Schematic diagram of experimental test by llamparuthi and Dickin (2001)
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Fig. 3 Non-reinforced and reinforced results of symmetrical anchor plates under uplift test by
llamparuthi and Dickin (2001)
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4. Symmetrical anchor plates in geosynthetic multi - layers

El Sawwaf (2007) conducted a laboratory experimental investigation on strip anchor plate to
investigate the uplift response in sand. Uplift response of symmetrical anchor plates located close
sandy slopes with and without geosynthetic reinforcement has been evaluated in tests. Strip anchor
plates were used in the experimental work to research the effect of soil reinforcement on the uplift
behavior of anchor plates using plane strain. Strip anchor plates made of steel with 498 mm in
length, 6.0 mm in thickness, and 80 mm in width were made with a special whole 3.0 mm in
diameter in the center and used in the research. Authors found many conclusions such as increase
the ultimate pullout response of an anchor plate embedded to the slope crest and anchor plate
improvement is very dependent on geosynthetic layer length and increases significantly until the
amount of beyond that further increase in the layer length does not show a significant contribution
in the anchor resistance. Geosynthetic layers were placed to reinforced slope as shown in Fig. 4.

5. Symmetrical anchor plates in non-reinforced and reinforced

llamparuthi et al. (2008) investigated two series on the submerged sand effect of symmetrical
anchor plates on uplift response of treated non-reinforced and reinforced sand. Influence factors
such as embedment ratio, density and number of geofrid layers were investigated. Authors were
reported the load - displacement behavior of non-reinforced and reinforced sand for a given
density and embedment ratio were similar except higher peak and residual loads due to the geogrid
materials as illustrated in Figs. 5 and 6. In the case of cyclic load, the displacement of symmetrical
anchor plate was increased with decreasing rate and reached almost a constant value after 350
cycles.

6. Symmetrical anchor plates in GFR-reinforced
Niroumand et al. (2013) investigated the performance of symmetrical anchor plates in

increasing uplift resistance of the sand at laboratory scales in Malaysia. Authors proposed new
method for uplift response by new system, GFR. GFR is a new system to tie the geosynthetics into
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Fig. 4 Geometric parameters of reinforced slope by El Sawwaf (2007)



192 Hamed Niroumand and Khairul Anuar Kassim

_,f A - Compressor
G 3 B — Air filter
d Dl T1°F C-— Pressure regulator with pressure
s — guage
el 1 " D- Solenoid valve
M e b E - Electronic timer
L2 H F — Double acting pneumatic cylinder
A G — Load cell
J ; L’ H — Chain connector

I — Dial Guages
—l— I J — Anchor rod

X S K - Plate anchor
'M J‘i L L — Test tank

M — Sand bed

Fig. 5 Test set up for monotonic and cyclic loads by llamparuthi et al. (2008)

the ground GFR is made of Fiber Reinforcement Polymer (FRP). Authors increased uplift response
of symmetrical anchor plates in reinforced sand. The research conducted ten series laboratory
experimental investigation on symmetrical anchor plates such as squares, circulars and strips to
investigate the uplift response in sand. Uplift response of symmetrical anchor plates located to
sand box with and without geosynthetic reinforcement has been evaluated in tests. Symmetrical
anchor plates were used in the experimental work to research the effect of soil reinforcement on
the uplift behavior of anchor plates using plane strain. Authors found many conclusions such as
increase the ultimate uplift response of anchor plate embedded using geosynthetic and GFR and
anchor plate improvement is very dependent on geosynthetic layer length and increases
significantly until the amount of beyond that further increase in the layer length does not show a
significant contribution in the anchor resistance. Geosynthetic layers were placed to reinforced
sand as shown in Fig. 7.
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Fig. 6 Pullout response on symmetrical anchor plates in medium dense sand bed for H/B = 4 by
llamparuthi et al. (2008)



A review on uplift response of symmetrical anchor plates embedded in reinforced sand 193

N

H-I . i N
\ — N

B N

N

\

o

AR A,

[ 1

Fig. 7 Geometric parameters of reinforced sand by Niroumand et al. (2013)

7. Conclusions

The experimental works presented many results on a scale model of symmetrical anchor plates
that are embedded to bed sand with and without geosynthetic reinforcement, the following
conclusions are includes:

1. Increases the ultimate uplift response of symmetrical anchor plate embedded to sand.

2. Soil reinforcement can be considered as cost effective solution and can used to obtain the
designed symmetrical anchor plates resistance instead of increasing the embedment depth or
anchor sizes.

3. Based on experimental results, inclusion of one layer of geosynthetic on symmetrical anchor
plate is more cost effective than soil reinforcement by multi layers.

4. Increase in the layer length does not show a significant contribution in the symmetrical
anchor plate resistance

5. Increased sand density and embedment ratio data in greater uplift response without soil
reinforcement.

6. GFR increased the uplift capacity for symmetrical anchor plates in sand.
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