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ABSTRACT 
In this study the axial response of tapered bored piles in sand has been investigated using PLAXIS 3D FOUNDATION, 

which is based on Finite Element Method. The cylindrical straight pile of same length as tapered pile has also been analyzed 

to compare the behaviour. The four tapered piles with different taper angles (0.5°, 1°, 1.5° & 2°) and same head diameter 

were studied. The tapered section of the pile has been analyzed by assuming stepped cylindrical segment (SSM-Segment by 

Segment Method). Linear elastic behavior is assumed for pile and the Mohr-coloumb criterion is considered for soil. Both 

Load carrying capacity and settlement at the given particular loading were examined. Influences of stresses are also 

discussed with respect to change in taper angle. The results show that settlement decreases with increase in taper angle. 

Load-displacement curve shows that the tapered pile can take more loads compared to cylindrical pile when the taper angle 

is above 0.5°. 
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INTRODUCTION 

Pile  foundation  is  necessary  for  many  structures  

and  the  capacity  under  vertical  loading  is  

important  and  also a controlling  factor. There  are  

many  research  exist  on  lateral  and  axial  capacity  

of  uniform  pile  (prismatic  pile).There  are  only  

few  research  exist  on  non-uniform  pile. That’s  

why  the  bearing  capacity  of  non-uniform  piles  is  

of  significant concern  to  design engineers  in recent 

years. This  is  because  it  has  been  shown  that  the 

bearing  capacity  of  a  tapered  pile  (TP)  is  greater  

than  a  prismatic  pile  of  the  same volume  and 

length (Ghazavi  et  al,  2001;  Ghazavi, 2000;  Wei  

et al,  1998; Ghazavi et al,  1997)  and  also  the  

bearing  capacity  of  a  tapered  pile  is  greater  than  

a  prismatic  pile  of  the  same  length  (Jayantha  et  

al, 1993 , Nabil  F.  Ismael 2003 & 2010, Kyuho Paik 

et al, 2012). In  most  of the   research work, for 

simplicity, a  fully  tapered  pile  has  been  idealized  

by  a  number  of  stepped  prismatic  segments  

connected  rigidly  to  each  other  as  shown  in  

Figure-1.   

 
Figure-1 Actual taper pile and idealized taper pile 

The  cross  sectional  area  of  the  segments  

decreases  accordingly  from  the  head  to  the  toe 

along  the  pile  shaft  (Sudhendu  Saha  et  al, 1986;  

Ghazavi  et  al, 1997)  using  SSM-Segment  by 

segment  method. It was also proved that the 

difference  between  the  bearing 

capacity  of  stepped  and fully  tapered  piles  is  less  

than  10%. This  demonstrates  that  simplifying  a  

tapered  pile  to some  prismatic  segments  is  

justified  (Ghazavi  et  al,1997). In this study, the  

same  method  is  used  for  analysis. 

The  main  aim  of   this  analysis  is  to  investigate  

the  behavior  of  tapered  bored  piles under  vertical  

loading  in  sand  and  to  determine  the  influence  

of  taper  angle. 

MATERIALS AND METHODS 

The  analysis  consists  of  modeling  of  single  pile  

in  sand. Overall 5  piles  are  investigated  with  

different  taper  angle  i.e.  0°, 0.5°, 1°, 1.5°  &  2°  

(0° means  Cylindrical  straight pile). The  head  

diameter  is  fixed  for  all  piles, 0.5 m  and  toe  

diameter  is  different  as  per  taper  angle. The 

length of all pile is 8 m. The  soil  and  pile  

properties  used  for  this  analysis  are  illustrated  in  

Table-1. (Properties  are  taken  from  book  

foundation  analysis  and  design  by  joseph S. 

Bowls.) The vertical load for all pile is 300 kN. 

Table-1 Soil and pile parameters 

 
The  Finite  element  analysis  is  performed  using  

Software  PLAXIS  3D  FOUNDATION. In  this  

method, during  the  generation  of  the  mesh, the  

continuum  is  divided into  15-node wedge  

elements. These  elements  are composed  of  the  6-

node  triangular  faces  in  the  work-planes, as  

generated  by  the  2D  mesh  generation, and  8-node  

quadrilateral  faces  in  y-direction. In  addition  to  

the  volume  elements, which  are  generally  used  to  

model the  soil, compatible  6-node  plate  elements  

and  16-node  interface  elements  are  generated  to 

model  structural  behavior  and  soil-structure  

interaction  respectively. The  Adjacent  elements  are  

connected  through  their  common  nodes. Each  

node  has  a  number  of  degree  of freedom  that  

correspond  to  discrete  values  of  the  unknowns  in  

the  boundary  value  problem  to be solved. Analysis  

is  performed   using  trial  meshes  which  give  

sufficient  refinement. 

During finite  element  calculations, displacements  

are  calculated  at  the  nodes. Nodes  may  be  pre-

selected  for  the  generation  of  load-displacement  

curves. The  3D  meshing  of  cylindrical  straight  

pile  is  shown  in  Figure-2. The  model  of  straight  

pile  is  shown  in Figure-3.The  model  of  tapered  

pile  in  form  of  some  step  cylindrical  segment  is  

shown  in  Figure-4. The  linear  elastic  model  is  

used  to  model  massive  structure  in  soli  or  

bedrock  layer    like  pile. This model represents 

Hook’s law of isotropic linear elasticity. The  model  

involves  two  elastic  stiffness  parameters, namely  
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effective  Young’s modulus,  E  and  effective  

Poisson’s  ratio,  v. It is primarily used to  model  

stiff  structure in  soil. 

 

 
Figure-2    3D meshing of cylindrical pile 

 
Figure-3 Modeled cylindrical pile 

 
Figure-4 Modeled taper pile 

The surrounding soil is modeled as a well-known 

Mohr-Coulomb model. The  elastic-plastic  behavior  

of  model  is  based  on  parameters  that  are  

young’s  modulus, E,  Poisson’s  ratio, v,  cohesion, 

c,  the  friction  angle, φ, and  dilatancy  angle, ψ, 

which  are also  useful  in  analysis  of  stress – strain  

behavior. 

RESULTS AND DISCUSSION 

The  observations  include  study  of  total  5  piles  

with  different  taper  angle  in  sand  under  pure  

vertical  loading. The  results  of  study  are  shown  

in  Table-2. One  of   the  main  important  factors  

affecting  the  axial  behavior  of  pile  is  its  

settlement. It  can  be  noticed  that for the same  

vertical  loading  of  300 kN, settlement  decreases   

as  taper  angle  increases, but  there  is  not  much  

effect  of   taper  angle  0.5° on vertical settlement. 

The  settlement  observed  in  case  of  straight  pile  

is  10.20  mm  and  in  case  of  0.5°  taper  pile  is  

10.14  mm. The  1°  taper  pile  can  be  said  more  

effective  because  the  settlement  observed  is  8.19  

mm  and  safe  load  is  also  more  compared to  

straight  pile. From  the  load-settlement  curves,  it  

can  be  noticed  that  load  is continuously  

increasing  up  to  300  kN  but  straight  pile  reaches  

its  ultimate  load  at  around  240  kN. 

Another  factor  that  is  also  important is stresses in  

soil. The  stresses  decrease   in  soil  mass  as  taper  

angle  increases. 
Table-2 Safe load and percentage reduction in 

settlement with respect to vertical load 300kN 

 
CONCLUSION 

• The  settlement  decreases  as  taper  angle  

increases  under  the  same  vertical  loading. 

• There  is  no  significant  effect  of  taper  

angle  of  0.5°  on  settlement  as  well  as  

on  load  carrying  capacity. 

• The  percentage  reduction  in  settlement  

with  respect  to  straight  pile   is  effective  

in  case  of  1°  taper  pile. From  this  it  can  

be  say  that  pile  with  taper  angle  1°  is  

effective.   

• The  Load  carrying  capacity  of  tapered  

pile  is  more  than  straight  pile. 

• The stresses decrease in soil mass as taper 

angle increases. 

 
Figure-5 Load-Settlement curve for different 

degree of taper angle 

 

 
Figure-6 Effective mean stresses v/s taper 

angle 
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