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ABSTRACT:  Generally piles are used to transmit the load to deeper soil. In case of both on-shore and offshore structures, piles 
are to be properly designed against lateral load which is generated due to some dynamic forces like wave, seismic and wind 
forces etc. Hence piles subjected to lateral load and embedded in layered cohesive soil need assessment of lateral load capacity 
for proper structural design. In the present investigation, an attempt has been made to study some aspects of behavior of laterally 
loaded piles embedded in layered cohesive soil with the help of OASYS Alp 19.2 software using field data. In this study, also an 
effort is made to correlate lateral load carrying capacities of vertical piles based on IS code and Non-linear P-Y analysis. Non-
linear behavior is revealed on analysis of the P-Y curves and the failure considered as collapse load. The important findings 
revealed that when piles are designed against lateral loads, it becomes more economical if plastic analysis is invoked.    
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1 INTRODUCTION 

In the field of civil engineering practice, pile 
foundations are used to transmit the vertical forces (e.g. 
superstructure’s weight) and lateral forces to deeper 
soil of comparatively high strength when the existing 
soil of shallow depth is weak and cannot bear the super 
structural weight. 

Wind gusts, seismic activity, wave action, traffic are 
the major causes of the lateral force. A proper 
understanding of response of pile under lateral loading 
has a great importance in analysis and design of piles. 
Different approaches have been made by several 
investigators [5, 6]. They have performed both 
theoretical and experimental studies on laterally loaded 
pile for determining the ultimate lateral load and 
displacements of pile.  

The present article reports the findings of a study to 
estimate the lateral load capacity of a single pile 
embedded in layered cohesive soil strata by using IS 
code and OASYS Alp 19.2 software [nonlinear P-Y 
analysis], based on permissible deflection of 1% of the 
pile diameter. Fixed head pile is considered in this 
present study. In case of Alp software a high rotational 
stiffness is considered to the top node in order to fix the 
node. Based on the results, the present paper discusses 
the comparison of lateral load capacity of pile by using 
IS code and OASYS Alp 19.2 software. Flexural 
response of the pile (in terms of deflection, rotation, 
and shear force, bending moment and contact stress 
profiles) has been illustrated using OASYS Alp 19.2 
software. Based on the results, the article also reports 

the comparison of lateral load capacity considering for 
different pile diameters.  

2 WORKING METHODOLOGY AS PER 
ALP 

The pile is modeled by Alp (analysis of laterally loaded 
pile) as a series of elastic beam elements and Alp 
models the soil as a series of non-interactive, non-
linear Winkler type spring. After analysis of laterally 
loaded pile by Alp, the result conforms to the 
prediction of horizontal displacement, shear forces, 
bending moments and contact pressures. The soil load- 
deflection behavior is modeled either assuming an 
Elastic-Plastic behavior, or, by specifying or generating 
load –deflection (P-Y) data. The geometry of pile is 
specified by a number of nodes. Two stiffness matrices 
relating nodal forces to displacements are developed. 
One of the matrices represents the pile in bending and 
the other matrix represents the adjacent soil. Pile 
stiffness is constant between nodes, but may change at 
nodes. Alp monitored the progressive change in 
flexural response for incremental load application. 
Water pressure can be specified in the software. Fig.1 
shows the schematic drawing of soil –pile interaction 
model in Alp-software. 

3 WORKING METHODOLOGY AS PER IS 
CODE: 

As the complexity of the problem and the information 
on horizontal sub grade modulus of soil is limited, only 
an approximate solution procedure is used for 
theoretical analysis, that is explained in IS code. The 
lateral capacity is determined by IS method as given in 
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IS2911/Part 1/Sec.2 Annex C shows the various 
calculation steps for finding the lateral capacity of the 
fixed headed pile. 

 

Fig.1- Model of soil –pile interaction in Alp-software 

4 PROBLEM STATEMENT 

Fig.2 shows a single pile embedded in a stratified soil. 
For determining lateral load capacity for a specific 
deflection (1% of pile diameter) at its cut off level, 
analysis as per IS code and ALP software has been 
used in this present study. The problem described 
herein is supported with the following information: 

 Pile diameter = 500mm, 1000mm, 1200mm 
 Cut off = 2.00m from existing ground level 
 Pile head is fixed 
 Concrete grade is M25 
 Maximum permissible deformation criteria = 1% 

of the pile diameter at cut-off level. 

 
Fig.2- soil pile arrangement 

5 ESTIMATION OF LATERAL LOAD 
CAPACITY OF PILE AS PER IS CODE: 

The depth of fixity of piles has been calculated as per 
I.S: 2911 (Part I / Sec 2) 2010 .Refer Appendix - C 
Diameter of piles =   500 mm 
E = 5000√ (fck) =   25000.0 N/mm² = 250000 Kg/cm² 
Moment of inertia of pile = 306796.16 cm4  
KB= 21.60 Kg/cm2 
R = (E I / KB) 1/4 = 244.11 cm 
From fig - 4 of I.S: 2911 (Part I /Sec 2)     
L1 =0.0 cm,  
 L1 / R = 0.0,   Lf / R = 2.15 
Therefore Lf =524.80 cm =5.25m. 
Max. Permissible deflection=0.5cm 
Lateral load capacity for fixed head pile: 
Hu = 12EIy / (L1+Lf) ³ = 3.20 ton. 
 

Table: 1 Lateral load capacity of pile obtained from IS 
Code  

D(mm) ycut-off (mm) Hu (kN) Lfix (m) 
500 5 32 5.25 
1000 10 127 10.50 
1200 12 183 12.60 

6 ESTIMATION OF LATERAL LOAD 
CAPACITY OF PILE USING ALP: 

ALP is capable to determine the flexural response of 
pile and load increased automatically. Passive 
resistance of soil is considered by the software and is 
indicated by it whenever it is exceeded. This principle 
has been considered taking into the account the 
generated P-Y curves. Fig. 3 describes a typical sample 
output as obtained from ALP. 

 

Fig.3- Typical flexural response envelopes as obtained 
from ALP 19.2 
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6.1   Estimation of Model parameters 
ALP input model requires elastic and plastic soil 
properties. Depending on the soil type, the modulus of 
sub-grade reaction, unit weight, percent strain and 
cohesion for clayey soil are required as input parameter 
of the software. 

6.2 Lateral Load capacity of pile 

In the present paper, the load acting at pile head and 
number of increments has been provided to reach the 
load. In ALP 19.2 software, an automatic load 
increment feature is available which is used to estimate 
the lateral load capacity of pile. Fig. 4- shows load 
deformation curves and lateral load capacity of piles 
using OASYS ALP 19.2. 

 

Fig. 4- load deformation curves and lateral load 
capacity of piles using OASYS ALP 19.2 

From the above observation, lateral load capacity of 
pile has been estimated from the ALP software 
considering the deflection criteria of 1% of pile 
diameter at cut-off level. 

 

Fig. 5- Comparison of lateral load capacity of piles of 
varying diameter obtained from IS code and 
ALP  

The above Figure reveals the difference of lateral load 
capacity estimated obtained from IS code and ALP 
software. It is also observed that lateral load capacity 
estimated as per IS code is lower than that obtained 
using ALP software for all the pile diameters.  

The flexural response of the pile has been determined 
for different diameters and is shown in Figures 6-10. 

Table: 2 Lateral load capacity of pile obtained from 
ALP software  

D(mm) ycut-off (mm) Hu(kN) Lfix (m) 
500 5 65.50 7.52 
1000 10 299 10.51 
1200 12 424 11.91 

 

Fig. 6- Deflection envelope of pile as obtained from 
ALP 19.2  

 

Fig. 7- Rotation envelope of pile as obtained from ALP 
19.2  
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Fig. 8- Bending Moment envelope of pile as obtained 
from ALP 19.2  

 

Fig. 9- Shear force envelope of pile as obtained from 
ALP 19.2  

 

Fig. 10- Contact stress envelope of pile as obtained 
from ALP 19.2 

7 CONCLUSIONS 

Based on the present study, the following conclusions 
are drawn: 

 In clay layer lateral load capacity estimated as per 
IS code is lower than that obtained using ALP 19.2 
software. 

 From the results of ALP analysis, it is observed 
that lateral load capacity of pile increases with the 
increase in the diameter of the pile and also 
flexural rigidity is enhanced. 

 Non-linear behaviour is revealed on analysis of the 
P-Y curves and the failure occurs under plastic 
state at collapse load.  

 The important findings revealed that when piles 
are designed against lateral loads, it becomes more 
economical if plastic analysis is invoked. 
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