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ABSTRACT: Experiments were conducted on model strip footings resting on clay soil reinforced with horizontal layers 
of strip reinforcement with and without end plate anchors. Load and corresponding settlements were measured and results 
presented in the form of pressure - settlement curves. Model strip footing was a rigid steel plate while galvanized iron 
sheet strips of 1 mm thickness were used as reinforcement with 16% coverage. Anchor plates were attached on either side 
of strip reinforcement. Tests were conducted for three arrangements of reinforcement i.e. length increasing with depth, 
constant length and length decreasing with depth. Bearing capacity increased by 38% and 370% respectively compared to 
unreinforced soil for without and with anchor conditions. Maximum increase was observed for the case of constant length 
of reinforcement. Provision of end anchors increases the bearing capacity significantly and permits use of shorter 
reinforcement with low coverage ratio. 
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1 Introduction 

Reinforced soil bed is a soil foundation containing 
horizontal layers of tensile reinforcement. Such an 
inclusion in foundation soil increases load carrying 
capacity and the load settlement stiffness of foundation 
soil system (Binquet and Lee, 1975a; Athavan, 1995). 
The construction of reinforced soil bed involves 
refilling the excavation with good quality frictional 
soils such as such as sand, gravel and/or crushed stone. 
Binquet and Lee (1975b) observed three modes of 
failure of reinforced soil beds. These are shearing of 
soil above the reinforcement, pullout and rupture of 
reinforcement. 

Importing good quality friction fill material may 
become uneconomical and unavailable. Under these 
circumstances one is compelled to make use of locally 
available low quality cohesive soils by treatment or 
inclusion of reinforcement. Samtani and Sonpal (1989) 
studied the bearing capacity of strip footing resting on 
cohesive soil reinforced with metallic strips and 
observed that the circular failure surface tend to 
become shallow with increase of linear density ratio of 
reinforcement. Mandal and Sah (1992) conducted 
bearing capacity tests on clay subgrades reinforced 
with geogrids and observed an improvement of bearing 
capacity or decrease of settlements. It is well known 
that saturated soil under undrained conditions develop 
very poor bond between the soil and reinforcing 
material (Jewell and Wroth, 1987). This Condition is 
further aggravated when high pore pressures develop 
during compaction. Rajyalakshmi et al. (2012) 
presented a method to estimate the bearing capacity of 
a strip footing resting on the surface of a geosynthetic 

reinforced foundation bed laid over soft foundation 
clay.   

In order to increase the load carrying capacity of 
saturated cohesive fill it is preferable to provide end 
plate anchors. When a reinforced cohesive soil bed is 
provided with end plate anchors, on either side of 
reinforcement layers, the load carrying capacity of such 
system is expected to increase with development of 
passive earth pressure resistance provided by the action 
of end plate anchors (Kumar, 2002). Rowe and Davis 
(1982) conducted model tests to study the pullout of 
vertical anchor plates and developed charts to estimate 
the pullout failure load for anchor plates.          

2 Experimental studies 

Soil beds were prepared in a steel tank with inside 
dimensions of 1200 mm length, 332 mm width and 700 
mm height (Figure 1). Two sides of the tank were  

 
Fig.1 Schematic of Experimental set–up 
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1. Self straining loading frame, 2. Hydraulic Jack,  3. 
Proving Ring, 4. Spacer Block, 5. Dial gauge fixed by 
magnetic base, 6. Strip footing, 7. Strip reinforcement, 
8. Anchor, 9. Test Tank, 10. Angles supporting the 
tank, 11. Platform, 12. Oil pump for jack. 

made of 15 mm thick perspex sheet and were braced on 
the outer surface with mild steel angles to avoid 
yielding during tests. Model footing was made of a 
rigid steel plate and measured 330 mm length x 100 
mm width x 25 mm thickness. A rough base condition 
was achieved by cementing a thin layer of sand on to 
the base of model foundation with epoxy glue. Footing 
was centered in the tank with length of the footing 
parallel to the width of the tank.  

On each side of the tank 1mm gap was given to prevent 
contact between footing and the side walls. Effect of 
side wall friction was reduced by coating the inside of 
the perspex wall with grease. Two ends of the footing 
plate were polished to have smooth surface and coated 
with grease to minimize the end friction effects. To 
ensure uniform distribution of applied load on the 
model footing, two rollers of 10 mm diameter and 330 
mm length made of high strength steel were placed on 
the two parallel grooves made at the top of the footing. 
These grooves were made along the length footing, 
each at a distance of 32.5 mm from the centre line of 
the footing on either side. A 10 mm thick steel plate 
having the same plan dimensions and grooves as the 
model footing was mounted on the rollers. Grooves at 
the bottom of this steel plate ensured the perfect 
seating of it over the rollers. Footing was loaded with a 
hand operated hydraulic jack supported against the 
upper cross head of reaction frame. The reaction frame 
is anchored to the concrete floor by means of base 
plates and anchor bolts independent of the test 
container.  

Upon filling the whole tank, the top surface was 
leveled and the footing was placed on a predefined 
alignment such that the loads from the jack and loading 
frame would be transferred concentrically to the 
footing. Hydraulic jack was connected to the footing 
through a proving ring to measure the load applied on 
the foooting. Load was applied to the footing through a 
rigid spacer (made of steel) of 60 mm diameter and 60 
mm height centered on the top plate below the proving 
ring. A ball bearing was positioned between the 
proving ring and the spacer to ensure that no 
extraneous moment was applied to the footing. 

Load applied to the footing was measured by a 
calibrated proving ring suspended from the spindle of 
the jack through an adopter and resting on the footing 
through a ball bearing. Footing settlement was 
measured by means of dial gauges one at each end on 
opposite sides. Index properties of cohesive soil were 

determined and presented in Table 1. Average cohesion 
of the soil was found to be 40 kN/m2 and the angle of 
internal friction of the soil was 10°. 

Table 1 Properties of clay used in the model test 

Property Value 
Liquid limit (%) 56.5 
Plastic limit (%) 21.96% 
Shrinkage limit (%) 10.62% 
Maximum dry unit weight ( kN/m3) 16.1 
Optimum moisture content (%) 18.5 
Specific gravity 2.75 
Soil classification from plasticity chart CH 

Galvanized iron sheets of 1mm thickness were used for 
model testing. Three different patterns of 
reinforcement without and with anchors were adopted 
(Figure 2 to 7). They are (i) Reinforcement length 
increasing with depth (ii) length decreasing with depth 
(iii) Equal length. For the above arrangement of the 
reinforcement galvanized iron sheets have been cut 
into strips of lengths 0.13m, 0.21m, 0.28m, 0.33m, 
0.375m and 0.4m. To the above reinforcement the end 
anchors of 3.5 cm height and 5 cm width have been 
welded on either side.  

 
Fig.2 Reinforcement length increasing with depth 

Soil is compacted with a known compaction effort 
using 5 kg drop hammer falling from a height of 500 
mm over a square base plate of size 150mm. Soil is 
compacted in 75 mm thick layers. Clay soil was placed 
in the tank at optimum moisture content. Undisturbed 
soil samples were collected from the test tank using 
open tubes for determining the strength and stiffness 
properties of the soil. 

For arrangement of reinforcement at the required level, 
filling of the soil was stopped and the reinforcement 
was arranged at the middle of tank. Above the top of 
reinforcement soil was laid and compacted to the 
required degree. Height of each compacted layer was 
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equal to 75 mm. Footing was placed at the middle of 
the tank on top of compacted soil bed.  

 
Fig. 3 Reinforcement length decreasing with depth 

 
Fig. 4 Equal length of reinforcement 

 
Fig. 5 Reinforcement length increasing with depth and 

with end anchors 

Spacer was placed on the model footing to fill up the 
gap between the footing and loading cell. Proving ring 
was attached to the self-straining loading frame and 

two dial gauges were attached to the model footing on 
either side to measure the average settlement of 
footing.  

 
Fig. 6 Reinforcement length decreasing with depth and 

with end anchors 

  
Fig. 7 Equal length of reinforcement and end anchor 

3 Results and Discussion 

Results of the experimental work were presented in the 
form pressure vs settlement curves (Fig. 8 and 9). 
Different patterns of reinforcement were abbreviated as 
follows UR = Unreinforced condition, IL = Increasing 
length of reinforcement without anchors, DL = 
Decreasing length of reinforcement without anchors, 
EL = Equal length of reinforcement without anchors, 
IL = Increasing length of reinforcement with anchors, 
DL = Decreasing length of reinforcement with anchors, 
EL = Equal length of reinforcement with anchors.  

Ultimate bearing capacity for unreinforced soil is 
indicated in Fig. 8 by continuous settlement of footing 
at a pressure of 122 kN/m2. Inclusion of strip 
reinforcement and end anchors increases the pressure 
to be applied on the footing for a given settlement. 
Ultimate bearing capacity is determined from tangent 
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intersection method for the cases with reinforcement 
and end anchors. Results are reported in Table 2.    

 
Fig. 8 Pressure Vs Settlement of footing for 

Reinforcement without anchors  

          
Fig. 9 Pressure Vs Settlement of footing for 

Reinforcement with anchors 

Table 2 Ultimate bearing capacity for different 
reinforcement arrangement 

Reinforcement arranment Ultimate bearing, 
kN/m2 

Unreinforced Case 122 
Increasing length of reinforcement, IL 152 
Equal length of reinforcement, EL 168 
Decreasing length of reinforcement, DL 150 
Increasing length of reinforcement with 
Anchor, ILA 460 

Equal length of reinforcement with Anchor, 
ELA 462 

Decreasing length of reinforcement with 
Anchor, DLA 456 

4 Conclusions 

Improvement of bearing capacity of clay soil using 
reinforcing strips with and without end anchors is 

studied. Bearing capacity increased by a minimum and 
maximum of 23% and 38% respectively for the cases 
with decreasing depth of reinforcement and equal 
length of reinforcement. Marginal improvement of 
bearing capacity is due to low coverage of 
reinforcement of 16%. Provision of end plate anchors 
on either side of reinforcement increases the bearing 
capacity by 370%. Mobilization of passive resistance 
in front of anchor improves the bearing capacity of 
reinforced clay bed. An analytical solution for 
improvement of bearing capacity of reinforced clay 
bed with anchors is developed by Kumar (2002). Based 
on the results of the experimental investigation and the 
analytical solution it is concluded that provision of end 
anchors with reinforcement and subsequent 
improvement of bearing capacity economizes the cost 
of foundation construction in clay soils of low bearing 
capacity. Permits use of reinforcement with low 
coverage ratio.           
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