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ANALYSIS OF PILE GROUPS
& PILED RAFT FOUNDATIONS
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PILE GROUP ANALYSIS -
OUTLINE

Simple statical methods
Equivalent bent analyses
Hybrid analyses
Elastic-based methods

Lateral loading
General loadings

Finite element analyses
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SIMPLE STATICAL METHOD
(“Rivet Group”)

INHERENT 
ASSUMPTIONS
Piles pinned to cap
No 2nd order effects  i.e. no 
loads due to pile deflections
Vertical load shared equally 
among piles
Each pile carries extra 
vertical load due to applied 
moment, proportional to 
distance from centroid of 
group
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SIMPLE STATICAL METHOD
(“Rivet Group”)
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EQUIVALENT BENT METHOD

Principle is to reduce 
group to equivalent 
structural frame or 
“bent”
Ideally, allowance 
should be made for 
effects of pile-soil-pile 
interaction
Most earlier methods 
did not do this

PROCEDURE
1. Estimate equivalent length of 

cantilever to obtain same lateral 
deflection as pile

2. Estimate equivalent X-sectional 
area of cantilever to obtain same 
axial settlement as pile 

PROBLEMS
1. Lateral deflection characteristics 

of pile and cantilever are NOT 
same

2. Group effect need to be taken 
into account
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EQUIVALENT BENT METHOD
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HYBRID ANALYSES

Combination of:
Load transfer analyses for 
single pile axial & lateral 
response
Use of elastic theory to 
estimate pile-soil-pile 
interaction

Examples:
Focht & Koch (1973 OTC)
O’Neill et al (1977 OTC)

ADVANTAGES:
• Ability to model non-

linear behaviour
• Interaction is confined to 

elastic components of 
deflection & rotation

BUT:
• Difficult to obtain 

compatible parameters for 
single pile & group effects
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ELASTIC-BASED ANALYSIS
ASSUMPTIONS IN DEFPIG

Piles are battered in same plane
Horizontal loads act in this 
plane
For raked piles:

Axial displacement due to 
axial load = vertical 
displacement due to vertical 
load
Normal deflection due to 
normal load = horizontal 
deflection due to horizontal 
load
Interaction between battered 
piles same as between 2 
vertical piles at an equivalent 
spacing

• Uses elastic theory for 
BOTH single pile 
response & pile-soil-
pile interaction

• Examples are:
• PIGLET (Randolph)
• DEFPIG (Poulos)
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ANALYSIS OF GROUPS UNDER 
GENERAL LOADING

Have 3 equations for each pile, + 3 equilibrium equations
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SOME PILE GROUP PROGRAMS 
USING ELASTIC-BASED ANALYSIS
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COMPARISON OF METHODS OF 
GROUP ANALYSIS
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COMPARISON OF METHODS OF 
GROUP ANALYSIS

Conclusions:
Vertical pile loads are not very sensitive to 
analysis method
Considerable difference between head 
moments, and group deflections & rotations 
from equivalent bent method & elastic 
(DEFPIG) analysis
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THE SIGNIFICANCE OF 
CONSIDERING INTERACTION

•The loads are not 
greatly affected

•The pile bending 
moments are affected 
somewhat

•The group deflection & 
settlement are affected 
significantly
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COMPARISON OF PILE GROUP 
ANALYSIS PROGRAMS

6-pile group analyzed 
via 3 approaches:

DEFPIG
PIGLET (single rake)
PIGLET (double rake).

Elastic analyses in all 
cases
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COMPARISON OF PILE GROUP 
ANALYSIS PROGRAMS
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COMPARISON OF PILE GROUP 
ANALYSIS PROGRAMS



Coffey Geosciences

COMPARISONS WITH FIELD 
DATA (Matlock et al, 1980)
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COMPARISONS WITH FIELD 
DATA (Matlock et al, 1980)
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FINITE ELEMENT ANALYSES

Two-dimensional plane strain analysis
Model piles as 2-D “walls” with equivalent 
stiffness in axial & lateral directions

PROBLEMS:
Walls & piles behave differently
3-D loading is difficult to simulate in 2-D
Pile bending moments not easy to assess
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FINITE ELEMENT ANALYSES
2-D Piled Raft 

Prakoso & Kulhawy,
2001
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FINITE ELEMENT ANALYSES
2-D Piled Raft 

Prakoso & Kulhawy,
2001

2-D analysis over-predicts maximum settlements & under-predicts
Differential settlements
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FINITE ELEMENT ANALYSES

Two-dimensional axisymmetric analysis
Model piles as 2-D “rings” with equivalent 
stiffness in axial direction

PROBLEMS:
Rings & piles behave differently
Can only consider vertical loading with normal 
analyses
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FINITE ELEMENT ANALYSES
(Pressley & Poulos, 1986)
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FINITE ELEMENT ANALYSES
(Pressley & Poulos, 1986)
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FINITE ELEMENT ANALYSES
(Pressley & Poulos, 1986)
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FINITE ELEMENT ANALYSES

Three-dimensional analysis
Use solid brick elements to model soil, piles & 
pile cap

PROBLEMS:
Time & effort involved
BUT, newer programs are facilitating this type 
of analysis
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3-D FINITE ELEMENT ANALYSES
(Ottaviani, 1975)
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3-D FINITE ELEMENT ANALYSES
(Ottaviani, 1975)

Note that stress
distribution around 
piles is NOT symmetrical,
as assumed in many
simplified analyses,
especially for corner piles.


