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ABSTRACT 
 Granular Pile Anchor (GPA) is an innovative foundation technique, developed for improving the engineering behavior of 

expansive clay beds. In the present study the GPA is encased in a geogrid in order to further improve the engineering 

behavior of the soil. Results of small-scale tests conducted in CBR moulds to study the behavior of the Geogrid - Encased 

GPAs (GEGPAs) under pullout are presented in this paper. 

 Pullout load tests were conducted on both clay beds reinforced with GPAs alone and GEGPAs to compare their 

pullout load responses. It was found from the tests that the expansive clay beds reinforced with GEGPAs show higher load-

carrying capacity and improved pullout load response compared with clay beds reinforced with GPAs alone. Heave was 

reduced by about 90.8% upon installation of GPAs whereas in case of GEGPA the heave has further reduced by amount 

92.5%.   
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1 INTRODUCTION 

Expansive clays, popularly known as black cotton soils 

in India, undergo alternate swelling and shrinkage due 

to seasonal moisture variations. These volume changes 

extend to a certain depth which is called depth of active 

zone. On an average, it is about 3.0 m to 3.5 m in India. 

In some parts, particularly down the Vindhyans, it is 

restricted to 1.0 m to 1.5 m only. Due to the alternate 

swell-shrink behavior of expansive soils causes distress 

in the structures founded in them such as pa residential 

buildings, pavements, canal beds and earth retaining 

walls. 

Different foundation techniques have been suggested for 

mitigating heave of expansive clays. Some of them are 

sand cushion, the Cohesive Non-swelling Soil (CNS) 

(Katti et.al, 2002) belled piers, granular pile anchor 

foundations (Rao et.al 2004).  A granular pile anchor is 

one in which the foundation is anchored at the bottom of 

the granular pile to a mild steel plate through a central 

mild steel rod. GPAs are highly efficient in arresting 

heave of the expansive clay beds (Phanikumar 1997, 

Phanikumar et al. 2004, Phanikumar et al. 2008, 

Phanikumar 2009). Load carrying capacities of the 

expansive soils can be improved by installing GPAs 

(Rao et al. 2007). By installing group of GPAs the 

expansive soils can be further improved (Rao et al. 

2008). If GPA is encased with the geogrid the 

compressive load response of the expansive soil was 

improved (Rao et al. 2015). This paper presents an 

improvement of granular pile anchor foundation. 

Geogrid is encased to the GPA and a laboratory model 

study was carried out under pullout in CBR moulds. The 

results of the tests showed that heave of expansive clay 

beds reduced by 92.5%. The pullout load response of the 

expansive clay bed reinforced with GEGPAs also has 

improved. 
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2 EXPERIMENTAL PROGRAM 

A series of laboratory model tests were conducted in this 

experimental program. The main aim of this study is to 

find the efficacy of the GEGPAs. The surface heave 

behavior of the expansive bed reinforced with GPAs and 

GEGPAs were studied. The pullout load response was 

studied by conducting 6 tests in CBR moulds. 

2.1 Test Materials 

The expansive clay bed used in this study was collected 

from Amalapuram town in the state of A.P, India, from 

a depth of 1 m - 1.5 m below the ground surface.  The 

physical properties of the soil are given in Table 1 

Table 1 Index properties of expansive soil 

Property Value 

Specific Gravity 2.69 

Sand (%) 13.33 

Silt (%) 35.4 

Clay (%) 51.27 

Liquid Limit (%) 90 

Plastic Limit (%) 35.2 

Plasticity Index (%) 54.8 

Free Swell Index (%) 140 

USCS Classification CH 

The granular material used for the installation of the 

granular piles was a mixture of 20% stone chips whose 

particle size ranged from 6 mm to 10 mm and 80% 

coarse sand with size between 2.4 to 4.8 mm. It was 

found from previous studies that, at this proportion of 

20:80 gave the largest difference between maximum and 

minimum void ratios. Poly Vinyl Chloride (PVC) - 

coated glass fiber geogrid which is flexible to encase the 

granular pile anchor, with aperture size 10 mm x 10 mm 

having tensile strength of 10 kN/m is overlapped to get 

aperture size of 4 mm x 4 mm was used in the tests. 

The soil had a maximum dry unit weight of 14 kN/m3 at 

an optimum moisture content (OMC) of 27.7% as 

determined from the compaction test. The natural void 

ratio (eo) of the granular material was calculated by 

choosing the relative density at which granular material 

was to be compacted. In this program granular piles 

were compacted at (DR) of 70%. 

2.2 Variables Studied 

Throughout the test program, the expansive clay beds 

were compacted to dry unit weight of 14 kN/m3 and 

placement water content of 15%. These conditions were 

chosen for convenience of compaction. Tests were 

performed in CBR moulds of size 150 mm in diameter 

and 175 mm in height without collar. The thickness of 

all the expansive clay beds was kept constant at 97 mm. 

The length of the GPA (lgp) was varied as 97, 73 and 49 

mm respectively. 

2.3 Compaction of Expansive Clay Bed and 

GPA 

Total weight of soil required to be compacted in the test 

mould to obtain the predetermined dry unit weight for 

the required dry density was calculated. Geogrid of 

diameter and length equal to that of GPA was pushed 

vertically into the bottom of the sand layer exactly at the 

center of the tank. A mild steel rod of 4 mm diameter, 

with a mild steel circular plate of diameter of 30 mm was 

fastened to it. Then, it was vertically inserted into the 

casing pipe so that the plate would be on the top of the 

bottom sand layer. Moist soil was poured into the mould 

around the casing and compacted with a rammer. 

Similarly, the weight of granular material required to be 

compacted to the predetermined relative density was 

calculated. During the process of compaction the casing 

pipe and metal sheet were withdrawn simultaneously. 

Sand was poured into this space so that continuity of 

sand packing was maintained. The process of 

compaction was continued until the expansive clay bed 

and granular pile reached the same height. A sand layer 

of 10 mm thick was laid over the surface of the 

compacted expansive clay bed. The surface footing was 

fastened to the top end of the mild steel rod. 

2.4 Pullout load tests 

To assess and compare the load-carrying capacities in 

two cases. 1. Expansive clay beds reinforced with GPAs 

alone, 2. Expansive clay beds reinforced with GEGPAs. 

In all the load tests, the dry unit weight and initial water 

content of expansive clay beds were kept constant at 

14kN/m3 and 15% respectively. Load was applied after 

complete saturation of expansive clay bed. Granular pile 

anchors with and without geogrids of diameter 30mm 

and lengths 97, 73 and 49 mm and relative density of 

70% were used for conducting pullout load tests. After 

confirming saturation, pullout load was applied in 

increments 10% of the ultimate value and the 

corresponding upward movement of the GPA was 

recorded. Each increment of loading was applied until 

the final upward movement of the GPA under the 

applied load increment was attained. After the 

attainment of the final upward movement under the 

applied load increment, the next load increment was 

applied and the procedure repeated. The loading frame 

was placed over the granular pile anchor centrally. As 
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the load was applied on the GPA, the top footing plate 

was lifted up raising the granular pile anchor along with 

it. The reaction from the GPA alone or GEGPA was 

measured from a proving ring. The tests were continued 

up to the point of failure. 

2.5 Measurement of Shear Parameters of 

Granular Pile-Clay Interface    

Shear box tests were conducted to find shear parameters 

C' and ' in two cases. 1. Compacting the granular 

material and expansive clay in the lower and upper 

halves of the shear box. 2. Compacting the granular 

material and expansive clay in the lower and upper 

halves of the shear box and geogrid in between the 

granular material and clay. 

These tests were conducted in a shear box of size 60 mm 

x 60 mm x 20 mm for evaluating the effect of friction 

mobilized at the interface of the soil and granular 

material and interface of soil, geogrid and granular 

material. The values of shear parameters C' and ' were 

13 kPa and 30o at the interface of soil and granular 

material and 13.3 kPa and 35o at the interface of soil and 

granular material with geogrid sandwiched between 

them. 

3 DISCUSSION OF TESTS RESULTS 

3.1 Effect of GPA and GEGPA on the amount 

of Heave 

The rate of heave was measured for three cases. 1. An 

unreinforced expansive clay bed, 2. Clay bed reinforced 

with GPA, 3. Clay bed reinforced with GEGPA. 

The unreinforced expansive clay bed had attained a final 

amount of heave of 8 mm, whereas in case of clay beds 

reinforced with GPAs of length 97, 73 and 49 mm and 

diameter 30 mm, the heave was 0.75 mm, 0.86 mm and 

0.9 mm respectively. However, in case of clay beds 

reinforced with GEGPAs of same length and diameter 

the heave recorded was 0.6 mm, 0.68 mm and 0.75 mm 

respectively. In case of GEGPA where geogrid was 

introduced in between the pile-soil interface, the 

mobilized shear resistance has increased which leads to 

further decrease in heave. 

3.2 Pullout Load Response 

All load tests were conducted after attainment of final 

heave (i.e. at 100 % saturation). Final attainment of 

heave was confirmed when the curve for heave (mm) vs. 

time (min) became asymptotic.  

For a given deformation, the loading intensity on the 

GEGPA was more than that of the GPA alone. When 

GPA alone was loaded, the load was resisted because of 

values of ', of granular material. Whereas when 

GEGPA was loaded, still higher amount of load was 

resisted because of increased value of ' from 30o to 35o.  

The uplift resistance depends upon the frictional 

characteristics and the surface area of the interface. The 

higher the surface area of the interface, the greater the 

uplift resistance. The curves in the figure 1 reflects the 

effect of lengths of GPAs and GEGPAs. All the curves 

in the figure show that the failure pullout load increased 

with the increasing length and weight of the GPA. For 

example, from fig. 1 the uplift load required to cause an 

upward movement or deformation of 30 mm in the GPA 

were 98.1, 66, and 38 N for lengths 97, 73, and 49 mm 

respectively. This shows that, when the length of the 

GPA was increased from 49 mm to 97 mm, the 
percentage increase in the uplift load required for a 

deformation of 30 mm was 158.15 %. 

 

 

Fig. 1 Pullout load capacities of GPAs and GEGPAs for 

varying lengths. 

Whereas, the uplift load required to cause same amount 

of deformation in the GEGPA were 140, 94, and 54 N 

for lengths 97, 73, and 49 mm respectively. This shows 

that, when the length of the GEGPA was increased from 

49 to 97 mm, the percentage increase in the uplift load 

required for a deformation of 30 mm was 159.25 %. 

The resistance to uplift increased with increasing the 

lgp/dgp ratio. Because as the lgp/dgp increases the weight 

and the surface area of the pile-soil interface increases 

thereby resistance to uplift increases. For example, from 

fig. 2 for the lgp/dgp of 1.63, 2.43 and 3.23 the percentage 

increase in pullout load were 42.1 %, 42.42 % and 42.71 



PULLOUT BEHAVIOUR OF GEOGRID-ENCASED GRANULAR PILE ANCHOR EMBEDDED IN EXPANSIVE CLAYS 

4 

 

 

 

 

% respectively. This percentage increase in pullout load 

was with respect to that of GPA alone. This was due to 

the increased value of ' from 30o to 35o in case of 

geogrid-encased GPA interface. 

 

Fig. 2 Percentage increase in pullout of geogrid-encased 

GPA with respect to GPA alone. 

4 CONCLUSIONS 

The pullout load response of GPA and GEGPA in 

expansive clay beds was studied. The following are the 

main conclusions.  

1) Heave of the expansive clay beds was 

reduced by reinforcing them with GPAs and 

was further reduced by reinforcing them 

with GEGPAs. A maximum of 92.5% 

reduction in the heave of the expansive clay 

beds was obtained. 

2) The pull-out capacity of the GPA and 

GEGPA increased with increasing length of 

the pile anchor. For a GPA of length of 97 

mm, the load for 30-mm upward movement 

was about 98.1 N, whereas in case of 

GEGPA of length 97 mm, it was equal to 

about 140 N. 

3) The percentage increase in uplift when 

GEGPA of length 97 mm installed was 

42.71% with respect to that of GPA. 
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