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Abstract— Helical piles are used in civil engineering practice 

providing stability against tension, compression and lateral 

loads. Present research paper deals with the detail study of 

helical piles under lateral loads, by varying the different 

parameters through experimental tests on model piles 

embedded in dry sand at a relative density 60%. The lateral 

load tests were performed with helical piles of diameter 19 

mm with number of helix 1 and 2 on spacing ratio 3 at 

embedment ratio 12, 16. The tests results were compared with 

plain shaft piles. This research aimed to study the behavior of 

helical piles under horizontal Loading. Test results explained 

that the lateral capacity of helical piles is greater than that of 

plain shaft piles and the increase in number of helical plates 

also increase the capacity of helical piles. The lateral capacity 

of helical pile is determined by the embedment ratio, number 

of helical plates, diameter of helical plates, and their position 

on the pile shaft and soil properties. 
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I. INTRODUCTION 

Helical piles are widely used in engineering applications 

manufactured by steel element consisting of a central shaft 

and one or more helical bearing plates. A helical pile is 

installed by rotating it into the ground. Each helical bearing 

plate is formed into a screw thread with a uniform defined 

pitch. The rapid installation, reusability and instantaneous use 

against uplift, compressive and lateral loads, or overturning 

moments are special features over the conventional pile 

systems. Helical pile is a deep foundation systems used for 

structure such as pipe lines, power transmission towers, 

monopoles, residential houses, offshore structures, aircraft 

mooring, tunnels, suspension bridges etc. The proper design 

and parametric effect of helices parameters on the ultimate 

lateral loads are still major concern of investigation. 

Puri et al. [1] developed a theoretical model to 

estimate the lateral load capacity of helical anchor pile soil 

system; they concluded that lateral load capacity of helical 

anchor pile is controlled almost exclusively by extension 

shaft for depths greater than 3-5 times the critical relative 

stiffness factor R or T. In the theoretical model, they 

incorporated the modified model of Matlock and Reese 

(1960) to yield lateral deflections at ultimate lateral loads as 

determined from the test data in sands and clays.  

Narasimha et al. [2] proved that the load carrying 

capacities of the helical anchors in clays are controlled by the 

spacing of the helical plates. Prasad and Narasimha Rao [3] 

performed laboratory tests on helical piles with 2 and 4 

helices inserted in saturated clay. They proved that lateral 

capacity of helical piles increases from 1.2 to 1.5 times that 

of plain shaft pile and it increases with embedment depth and 

shear strength of the soil.     

Mittal et al. [4] performed an experimental 

investigation on laterally loaded screw anchor pile in dry sand 

with different no. of helices in continuation and lateral load 

applied at different height from the soil surface. The 

embedment length also varied and static lateral load applied 

on screw anchor piles. A theoretical model developed for 

predicting lateral load capacity of screw anchor piles in sand. 

The test is also validated by result of field test. The author 

proved that lateral load increases as the number of helices and 

embedment depth increases. 

Abdrabbo et al. [5] performed lateral load test on 

helical piles with different helices diameters, numbers, and 

spacing. They proved that lateral load capacity is depended 

upon soil properties, the helix diameter, number and spacing. 

They reported that most economic number of helices is 2 and 

the most effective spacing ratio is 3. 

To study the parametric behavior of helical pile 

under lateral loads, an experimental investigation has been 

conducted on small scale model piles of mild steel embedded 

in dry sand. The tests are performed on plain shaft piles, 

single helix piles, double helix piles at a spacing ratio (S/d 

ratio, spacing between helical plate/diameter of plain shaft)  

3. The lateral load applied at an eccentricity 100 mm above 

the soil surface. The embedment ratio (L/d ratio, embedment 

length/diameter of pile shaft) as 12, 16.  

II. EXPERIMENT INVESTIGATION 

A. Test Programme   

Total 6 no. of lateral load tests were performed on model piles 

in sand at a relative density 60 %. 

B. Test Setup 

Model pile load tests were conducted on sand in the 

Geotechnical Laboratory, Applied mechanics department, 

L.D. College of Engineering, Ahmedabad. The experimental 

tests are conducted on model piles in a cylindrical test tank 

with 600.0 mm diameter and 650.0 mm height. The tank 

dimensions were taken more than 3 times the diameter of the 

helix plates to avoid the boundary condition effect. A loading 

frame fabricated for allowing lateral load setup on model pile 

Fig. 1. A pile holding assembly used to facilitate the 

horizontal loading at the top of model pile. The assembly also 

connected with proving ring and simultaneously a mechanical 

jack is connected horizontally to the loading frame. The 

lateral load applied by using mechanical jack.  Two dial 

gauges are supported on the steel plate of pile holding 

assembly to measure the horizontal displacement.  
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Fig. 1: Loading Frame 

C. Properties of Sand 

The sand used was locally available Madhumati river sand in 

Gandhinagar. The soil was poorly graded sand SP as per IS 

soil classification system. The properties of sand used for the 

study are shown in Table 1. For all tests, the sand was 

compacted at the unit weight of 17.4 kN/m3 (60 % relative 

density). To achieve uniform density, the vibrator device was 

used. The soil bed was prepared by compacting the dry sand 

in layers, each of 50 mm thick up to 650 mm height. Fig. 2 

show the laboratory test set up.  
Table-1 

Physical properties of sands 

Test Determination 

Soil classification as per IS 

Cu = 2.90 

Cc = 1.117 

SP 

Specific gravity (G) 
 

G = 2.67 

Relative density Id 

Id = 60 % 

γd min. = 14.8 kN/ m3 

γd max.  = 19.6 kN/ m3 

Direct box shear (C & φ°) 
C = 0 

φ°= 31 

D. Model Pile and Instrumentation 

Mild steel helix piles with 19 mm diameter shaft and 50.5 mm 

diameter of helix Fig. 3 were used in the experiment. The 

thickness of helix blade was 2 mm. The helixes are machined 

to give external diameter of D, 50.5 mm with a pitch, p, equal 

to the pile diameter, d, 19 mm. The helixes are welded 

accurately to the pile.  The pile lengths considered are 328 

mm, 404 mm corresponding to embedment ratio (L/d ratio) 

of 12 and 16 respectively, so total 6 no. of pile samples are 

prepared, 4 helical piles and 2 plain shaft piles. The lateral 

load applied at an eccentricity (e) of 100 mm from the soil 

surface. The tests are performed on plain shaft piles, single 

helix piles, double helix piles at a spacing ratio (S/d ratio) 3 

which is 57 mm. All the piles were having conical end of an 

apex of 60°.  

 
Fig. 2: Laboratory Test Setup 

 
Fig. 3: Model Pile 

E. Pile Installation 

After the soil bed had been prepared, the pile was slowly 

screwed into the soil bed with enough downward force until 

the required depth of embedment was achieved. The 

verticality of the pile was checked with a plumb after every 

50 mm of penetration. The pile of 328 mm was driven at a 

depth of 228 mm from the sand surface. The pile head was 

free and kept 100 mm above the sand surface to make the 

provision for application of lateral load.  

F. Test Procedure 

The lateral load was applied at the top of the pile at an 

eccentricity of 100 mm from the sand surface by rotating the 

mechanical jack. These loads were applied in increments. The 

observation of mechanical dial gauges were recorded when 

there was no further increase in lateral displacement 

corresponding to applied load. The ultimate lateral load was 

calculated at 12 mm displacement.   

III. TEST RESULTS & DISCUSSIONS 

A series of lateral load tests were carried out on plain shaft 

pile, single helix pile and on double helix pile. The Load 

displacement curves for lateral load on model piles are shown 

in Fig.4 to 7. It has been clearly observed that the ultimate 

lateral load capacity of pile increases with addition of helical 

plates. It is also recorded that with increase in embedment 

ratio, the ultimate lateral load capacity of helical pile 

increases. Further, it is observed that the percentage of 

increase in lateral load capacity for increase in n from 0 to 1 

is more than the percentage of increase in lateral load capacity 

for increase in n from 1 to 2 shown in Fig.8. 
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Fig. 4: Load Displacement Curve for Variable L/d 

 
Fig. 5: Load Displacement Curve for Variable L/d 

 
Fig. 6: Load Displacement Curve for Variable L/d 

 
Fig. 7: Load Displacement Curve for Variable L/d 

 
Fig. 8: Ultimate Lateral Load vs. no. of Helix (n) 

IV. CONCLUSION 

        From the above study, the following conclusions are 

drawn: 

1) The Ultimate lateral load capacity of pile for L/d ratio 12 

increases 39% from n = 0 to n = 1 & 35% from n = 1 to 

n = 2. 

2) The Ultimate lateral load capacity of pile for L/d ratio 16 

increases 32% from n = 0 to n = 1 & 18% from n = 1 to 

n = 2. 

3) Pile embedment ratio (L/d) has a considerable effect on 

the lateral load capacity of helical pile, and capacity 

increases significantly with increase in the embedment 

ratio. 
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