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Abstract: 

An extensive program of laboratory tests was carried out to study the effect of reinforcing an earth slope o n the inclined loading 

behavior of a single vertical p ile located near the slope. Layers of geogrid were used to reinforce a sandy slope of 1 V:2H. Several 

tests were conducted to study the effect of number of geogrid reinforcement. The experimental p rogram also included studies of 

the location of pile relative to the slope crest and angle of load inclination. Th is paper describes the results of several e xperimental 

studies performed on laterally loaded and load inclined on long pile located near slopes. In itially, in this paper, the results of tests 

of long pile subjected to lateral loading, in homogeneous sand with 1V:2H ° slope and  load with inclination of 15° and 30° were 

carried out. The improvement in p ile u ltimate lateral load was found to be strongly  dependent on the number of geogrid layers, 

location of pile relative to slope crest  and angle of load inclination.   
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I.  INTRODUCTION    
The civil engineering developments are continuing all over the 

world. Infinite land on the earth has becoming finite fo r the 

construction. Structures like, bridge abutment on steep river 

slope, open type berthing structure, electric / telephone poles 

on high way/ railway embankment and approach to water 

intake tower in  river /sea are constructed in sloping ground 

and this structures are subjected to lateral load due to the 

lateral soil movement of unstable slope. Lateral movement of 

these unstable slope results in large lateral force on p ile 

supported structures. Due to such lateral loads and the no 

availability of good construction sites, engineers are often 

required to place footings at crest or near slopes.  

The general scenario is to design the footings on a crest of a 

slope. The effect of lateral forces and lateral soil movement is 

not considered while designing the footings placed away from 

the crest. The effect  of the various parameters which  will have 

the effect on the lateral resistance capacity and lateral 

movement are studied under the behaviour of single pile in  

slope subjected to inclined load.  

Various methods to stabilize slopes include soil nailing, 

reinforcing with layers of geogrid, and installation of p iles or 

vertical sheet piles. The conclusion drawn from the literature 

is that stabilizing earth slope has a significant effect on the 

overall stability of the slope and on improving the bearing 

capacity of a shallow foundation supported on/near a 

reinforced ground slope. There exists a lack of knowledge 

concerning pile behavior and the effects of these 

reinforcements on the pile lateral bearing load. Therefore, the 

aim of this research was to define more clearly the response of 

pile located near sandy slopes reinforced with layers of 

geogrid.  

The main objectives was to conduct experimental 

investigation of laterally loaded piles on rein forced slope. 

Also, to investigate and establish the relationship between the 

pile response and number of geogrid layers and to determine 

optimum number geogrid reinforcements and the effect of 

inclined loading.  

Initially, in this paper, the results of model tests of long pile 

subjected to lateral loading and inclined loading in  

homogeneous sand with 1V:2H reinforced slope are 

compared. Angle of inclined loading is varied  as 0°, 15° and 

30°.  Series of single short pile tests were conducted to 

investigate the effect of horizontal distance from the pile to the 

crest of the slope. In this study, focus was placed on the 

ultimate lateral load of single pile.  

 

II. MATERIALS & PROPERTIES  

A. test sand 

For the model tests, cohesionless, dry, clean and wash Kanan 

sand was used as the foundation material.  

B. model pile 

The pile was 100mm in length and the corresponding length to 

diameter ratios of piles was 10. The lateral load was 

transferred from the loading assembly  to the pile through a 

cable connected to the pile at the point of load application.  

One flange was provided on one side o f top of cap  to measure 

the lateral deflection of footing under the action of load with 

the help of dial gauges. 

There are several factors that affect the lateral resistance of a 

pile but the dominant one is the p ile stiffness, which 

determines whether the pile behaves rigidly  or as flexible pile. 

Laterally  loaded pile behaves as a rigid p ile based on the value 

of the stiffness factor T. In cohesionless soils, this factor is 

calculated as 

     (1) 

 

where,  

EP = Modulus of elasticity of the pile material (21.4 X 10
7
 

kN/m2);   

IP = Moment of inertia of the pile cross section (4.91 X 10
− 10

 

m
4
); and nh = Constant of subgrade reaction at pile t ip.  
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 Broms suggested that the embedment depth of the 

pile has to be greater than 2T for behavior as a long elastic 

pile. Possible values suggested for nh are  13500 kN/m
3
 for 

medium-dense sand. The estimated values of 2T fo r d ifferent 

relative densities are 0.189. Some of the experimental tests 

were carried out using a pile embedment length of 0.2 m, 

which is greater than the value o f 2T, indicat ing that the test 

pile satisfy the criterion for a long rigid p ile. 

 

C. Experimental set up 

The test tank size of 0.7m x0.4mx 0.5m deep was chosen to 

avoid any tank-wall effect on the lateral capacity of the piles. 

The lateral load was applied though a pulley arrangement. The 

pulley arrangements was fabricated such that the lateral loads 

could be applied in forward (toward sloping ground). The tests 

were conducted sloping ground, (1v :2h) with same (Dr) 

relative density. A single p ile was tested on each model 

configuration at the crest of the slope, b=2.5D, 5D, 7.5D in the 

embankment, away from the slope. Angle of inclined loading 

is varied as 0°, 15° and 30°. For all tests, the pile head was 

maintained as a free-headed condition. 

D. Laboratory tests 

The various laboratory tests were performed to decide the 

different geotechnical and engineering properties of sand. The 

properties of sand used are as shown in Table 1.  

E. laboratory lateral load test 

For the experimental investigations, the lateral load tests was 

conducted on sand and to evaluate the lateral load carry ing   

capacity and lateral deflection. In the laboratory it was 

maintained by refilling the tank after each test by sand raining 

technique by funnel method to same density. Laboratory setup 

of test tank is shown in Fig.1 

 

F. Programme test 

Experimental program was carried  out to evaluate the effects 

of lateral behaviour of a pile located near to the slope crest. 

Soil samples were constructed in layers by controlled pouring 

and tamping technique with the bed level and slope observed 

through the front g lass wall. 400 mm in height model slopes 

was constructed with a minimum depth of sand below the base 

of the model pile of 100 mm >(5D) to minimize the influence 

of tank base. The inner faces of the tank was marked at 50 mm 

intervals to facilitate accurate preparation of the sand bed in 

layers. On reach ing the level of p ile base, the pile will be 

placed on position and is held vertical using special clamp and 

a layer of sand is poured and tamped. Great care was given to 

level the slope face using special rulers so that the relative 

density of the top surface was not affected. Finally, the lateral 

load was applied incrementally until reaching failure. Each 

load increment was maintained constant until the pile lateral 

deflection had stabilized. 

All tests were conducted with an artificially made slope of 

1V:2H. The pile displacements was measured using two 50 

mm travel dial gauges accurate to 0.01 mm placed at two  

different positions along the length of the p ile above the soil 

surface. Pile rotations at the point of load application was 

calculated as the ratio of the difference of the two dial gauge 

readings to the vertical d istance between the two measurement 

points. The details of parametric study are given in Table 2. 

G. Test tank 

The test tank was made of 4 mm thick having internal 

dimensions 700mm ×400mm in plan and 500 mm h igh. The 

minimum tank size required  to be 5 times the width or breadth 

of footing whichever was more. The bulging effect was 

counteracted by providing sufficient thick tank.  

 

III. RESULTS  
A. Load Deflection Behavior of Long Pile with Lateral 

Load 

The test was conducted on long pile of length 20D on 
prepared unreinforced slope and reinforced slope. The 

load deflection curves for pile with different number of 
geogrid layers  (N) viz., 1,2,3,4 resp. The angle of loading 

direction is kept to be 0° and pile loacation is located 
varied as 2.5D, 5D and 7.5D away from the slope, are shown in 
Fig. 2,3 and 4. Ultimate lateral loads of long pile are summerised 
in Table 4. 
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B. Load Deflection Behavior of Long Pile with Inclined 

Load(15°) 

The test was conducted on long pile of length 20D on 
prepared unreinforced slope and reinforced slope. The 

load deflection curves for pile with different number of 
geogrid layers  (N) viz., 1,2,3,4 resp. The angle of loading 

direction is kept to be 15° and pile loacation is located 
varied as 2.5D, 5D and 7.5D away from the slope, are shown in 
Fig. 5,6 and 7. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

C. 3.3 Load Deflection Behavior of Long Pile with Inclined 

Load(30°) 

The test was conducted on long pile of length 20D on 
prepared unreinforced slope and reinforced slope. The 
load deflection curves for pile with different number of 
geogrid layers  (N) viz., 1,2,3,4 resp. The angle of loading 
direction is kept to be 30° and pile loacation is located 
varied as 2.5D, 5D and 7.5D away from the slope, are shown in 
Fig. 8,9 and 10. 
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IV.  

V.  

 
 

VI. 4 DISCUSSION 

 

 Portrait Orientation 

 Headers and Footers 0.5 inches 

 

 

 

 

IV. DISCUSSION 

The model tests results obtained from laboratory tests are 

analyzed and discussed in this section. The ultimate lateral 

load was selected for 5mm pile head deflection. In this work, 

loading was continued till the pile deflection reached 8 mm. In  

this laboratory study, the influence of pile resting on 

reinforced and unreinforced slope was investigated for 

different piles(short pile and long pile), number of 

reinforcement layers, pile placement away from the slope and 

loading direction. The u ltimate latera l load was determined 

from load deflection curve. The effect of various parameters 

are discussed in this section.  

 

 Effect of Number of Geogrid Layers:  

It is seen that there is increase in ULL with increasing the 

number of geogrid layers. The max. percentage increase in 

ULL obtained is 104%  for optimum number of geogrid layer, 

N=2 for short pile and 129%  for optimum number of geogrid  

layer, N=3 for long pile N = 3 (for long pile), and thereafter no 

significant improvement in ULL with further increase in the 

number of geogrid layers.  

 

 Effect of Distance from the Crest of the Slope:  

The ULL improves significantly increases with the increasing 

the crest distance. The rate of increase of ULL of the is 

observed to be linear. The figure clearly indicates that there is 

no optimum d istance observed. The max. percentage increase 

in ULL obtained is 69% for short pile and 67% for long pile 

when pile is placed at crest distance, b=7.5D.  

 

 Effect of Angle of Inclination Load:  

The ULL improvement is observed with  the increase in the 

angle of loading from 0° to 30°. The rate of increase of ULL 

of the is observed to be linear. The max. percentage increase 

for short pile in ULL obtained is 64 % (15°) and 127% (30°). 

The max. percentage increase for long pile in ULL obtained is 

14% (15°) and 43 % (30°). 

V. CO NCLUSIONS 

 Reinforcement of an earth slope using geogrid has a 

significant effect on improving the ULL(Ultimate Lateral 

Resistance) of single pile located near the slope crest.  

 The improvement in ULL is dependent on the location of 

pile, the embedded length of pile and number of geogrid  

layers. 

 The ULL increases with the number of geogrid layers.  

 For short pile, 2 no. of geogrid layers are found optimum.  

  The max. percentage increase in ULL is  104% for 

optimum number of geogrid layer, N=2 for short pile.  

 The ULL increases as the crest distance increases and the 

rate of increase is nearly linear.  

 The max. percentage increase in  ULL is 69% for short 

pile when pile is placed at crest distance, b=7.5cm.  

 The ULL improves with the increase in inclination angle 

of loading from 0° to 30° and increment in ULL is nearly 

linear.  

 The max. percentage increase for short pile at 15° 

inclination is 64%.  
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