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ABSTRACT: Load-displacement behaviour and vertical uplift capacity of horizontal anchor plate embedded in 
layered sand deposits have been investigated by conducting laboratory model tests. Strip and circular plate anchors 
are used for this purpose. The layered sand deposits have been prepared with local sand having relative densities 
25% (loose sand upper layer) and 65% (medium dense sand with bottom layer), respectively. The medium dense 
sand layer is always kept closer to the anchor plate and the loose sand layer is kept close to the top surface in the 
layered sand system. The experiments have been conducted for different embedment ratios with different relative 
thickness of the dense sand layer (Hdense/H). The maximum displacement of the anchor plate experienced at failure 
and the uplift capacity of the anchor plate have been found to increase with an increase in the thickness of the dense 
sand layer (Hdense) at any particular embedment depth (H). The present uplift capacity of the anchor plate 
determined experimentally is compared well with the available numerical solution. 
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1. INTRODUCTION 
Anchors are commonly used as foundation of 
transmission towers, utility poles, aircraft moorings, 
buried pipelines to resist the uplift forces. A large 
number of research investigations were carried out to 
study the vertical uplift capacity of horizontal anchor 
plate in homogeneous cohesionless soil by different 
researchers such as: Balla 1961, Meyerhof and Adams 
1968, Das and Seeley 1975, Ovesen 1981, Rowe and 
Davis 1982, Murray and Geddes 1987, Sakai and 
Tanaka 1998, Ilamparuthi et al. 2002, Merifield and 
Sloan 2006. Only a few investigations are performed to 
study the uplift capacity of anchor plate in layered sand 
system found commonly in practical case (Bouazza and 
Finlay 1990, Kumar 2003, Sakai and Tanaka 2007, 
Bhattacharya and Kumar 2015). Bouazza and Finlay 
(1990) conducted laboratory model tests with circular 
anchor plates embedded in a dense sand stratum 
underlying below (i) loose sand or (ii) medium sand. 
The model tests revealed the fact that the pullout 
capacity of circular plate in layered sand system 
depends on the relative strength of the two layers, the 
thickness of the upper layer and the total embedment 
ratio. Kumar (2003) studied the vertical uplift 
resistance of shallow strip and circular anchor plates 
embedded in two layered sand system by using upper 
bound limit analysis with an assumption of a linear 
collapse mechanism. Kumar (2003) concluded that the 
vertical pullout capacity of horizontal anchor plate 
depends on the relative position of the dense sand layer 
with respect to the position of anchor plate along with 
the thickness of the dense sand stratum and embedment 
ratio. Sakai and Tanaka (2007) found from small scale 
mode tests and elasto-plastic finite element analysis 
that the maximum uplift resistance offered by a 
shallow circular anchor plate embedded in two layered 

sand system increases with an increase in thickness of 
the dense lower layer placed immediately above the 
anchor plate. Bhattacharya and Kumar (2016) 
performed lower bound finite element limit analysis on 
the uplift capacity of both strip and circular anchor 
plate embedded in two layered sand system to study the 
effects of (i) the relative thickness and position of the 
dense sand stratum (Hdense/H) with respect to the anchor 
plate, (ii) dilatancy () of the sand layers and (iii) 
embedment ratios on the vertical uplift capacity of 
horizontal anchor plate. 
From the above literature it has been noticed that the 
experimental works on layered sand system only dealt 
the uplift capacity of circular plate anchor. No 
experiment on strip or rectangular anchor plate has 
been reported. The present paper attempts to study the 
load-displacement behaviour of both strip and circular 
plate anchor till failure and a comparative study has 
been done on the load-displacement behaviour of both 
anchor plates along with its maximum uplift resistance 
prior to failure. 

 
2. PROBLEM STATEMENT 
A horizontal anchor plate, either strip or circular in 
shape, is embedded in a two layers sand system 
comprised of a loose sand layer of thickness H1 with 
25% relative density (ID1) near to the top surface and a 
medium dense sand layer of thickness H2 with 65% 
relative density (ID2) near to the anchor plate as shown 
in Fig. 1(a). It is required to investigate the load-
displacement behaviour of the anchor plate till it fails 
and to determine the maximum pullout load (Pu) per 
unit area (A) of the anchor plate. The uplift capacity 
factor (F) of the anchor plate due to the self-weight of 
the two layered sand system is defined as:  
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have been presented in Figs. 3 and 4, respectively, for 
different values of Hdense/H. The load and displacement 
are expressed as non-dimensional quantity, say 
Pu/(AavB) and /B in percentage, respectively, where 
௩ߛ = ൫భுభାమுమ൯

ுభାுమ
  ,  is the displacement of the 

anchor plate embedded in layered sand system. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 

 

 
 
 
 
 
 
The ultimate resistance capacity (F) of the anchor 
plate for different combination of Hdense/H and H/B has 
been determined from Figs. 3 and 4 by using the 
Equation (1). The variation of the uplift capacity 
factors (F) of circular and strip anchor plates are 
shown in Fig. 5.F increases with an increase in 
Hdense/H. The rate of change of Fis morein case of 

Fig. 3  Load-displacement response for strip anchor 
plate embedded in two layered sand system with:     

(a) H/B = 3; (b) H/B = 4; and (c) H/B = 5 
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Fig. 4  Load-displacement response for circular anchor 
plate embedded in two layered sand system with:     

(a) H/B = 3; (b) H/B = 4; and (c) H/B = 5 
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circular plate than the same in case of strip anchor plate 
keeping H, Hdense/H and relative densities of the layered 
sand system constant. However the rate of change of F 
has been found to decrease with an increase in Hdense/H 
for both circular and strip anchor plate. The anchor 
plate experiences greater displacement before failure 
with an increase in (i) the relative thickness of medium 
dense sand, and (ii) the embedment ratio of the anchor 
plate. Moreover keeping constant H/B, Hdense/H and 
relative densities of layered sands it is found that the 
circular anchor plate undergoes lesser displacement 
than the strip anchor plate. 

 
5.2. Comparison 
In Fig. 5 the experimentally obtained F values of both 
circular and strip anchor plates are compared with the 
numerical results provided by Kumar (2003) and 
Bhattacharya and Kumar (2016). The experimental 
results match well with the numerical results with a 
maximum difference of around 8% for circular plate 
anchor and 4% for strip plate anchor. The dilatancy 
angle () measured from direct shear test with stress 
level 50 - 150 kPa varies from 2o to 15o which is higher 
than the average stress level (2 - 30 kPa) during model 
tests. The numerical solutions are for a material 
following an associated flow rule (i.e.  = ). 

 
 
 

 
6. CONCLUSION 
The present experimental investigations illustrate the 
vertical uplift resistance of horizontal circular and strip 
anchor plates embedded in two layered sand system. 
The uplift capacity of anchor plate and the magnitude 
of maximum displacement experienced by it prior to 
failure increases with an increase in Hdense/H keeping 
H/B constant. However the pullout capacity of circular 
anchor plate of diameter 50 mm is invariably greater 
than that of strip anchor plate of width 50 mm but the 

displacement undergoes by the strip anchor plate is 
always higher than that of the circular anchor plate 
keeping the relative thickness of the medium dense and 
loose sand layers and total embedment depth constant. 
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Fig.  5 A comparison of present experimental and 
available theoretical pull out factors for circular and 

strip anchor embedded in layered sand 

Circular anchor plate with H/B = 3, 4, 5 

Strip anchor plate with H/B = 3, 4, 5 


