
GENERAL DESCRIPTION SEISMIC ANALYSIS
 DynaPile was developed to compute the kinematic re-
sponse of the foundations and dynamic impedances (stiff-
ness) of single piles or pile groups.  The piles can be either 
floating piles or end-bearing piles.  The vertical dynamic 
stiffness, horizontal dynamic stiffness, and rocking dy-
namic stiffness will be gen-
erated by the program.  The 
program will also generate 
the group reduction factors 
for pile groups under small 
excitation conditions.  The 
method of computation 
is based on the consistent 
boundary-matrix method 
proposed by Blaney, Kausel 
and Roesset (1976).
 The dynamic model, 
which takes into account 
the whole soil medium in 
the analysis, can conve-
niently provide informa-
tion about group-reduction factors of pile foundations if 
the soil properties are adjusted to account for the effective 
level of strains.  The response of pile foundations to these 
dynamic loads is relatively more complex than for static 
loads.  Input parameters consist of the structural and dy-
namic properties of the pile, geometric configuration of the 
pile groups, dynamic soil properties, definition of excitation 
forces (in frequencies), and the definition of superstructure 
masses.
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 The seismic analyses for foundations and super-sructures 
can be conducted based on the following steps:  

1.  Kinematic Seismic Response
   DynaPile will generate the transfer functions for kine-
matic response of piles and pile groups.  The output for the 
kinematic-displacement factors is listed in the output file 
as a function of user-specified frequencies.  With regard 
to the motion of the foundation, the factors are defined as 
UO/UFF and UO/UG, where UO is the foundation motion 
due to seismic excitation, UFF is the free-field displacement 
of the ground surface, and UG is the seismic excitation at 
the pile tip level (base).  With regard to the motion of the 
super-structure, the factors are defined as UST/UFF and 
UST/UG, where UST is super-structure motion due to the 
seismic excitation.
 If the spectrum of seismic waves at the pile tip or at 
the free-field surface are measured or are derived, the 
foundation and the structure responses can be obtained by 
integrating the program-generated transfer functions (the 
kinematic-displacement factors) through the response-
wave spectrum.  The program generates several transfer 
functions related to the displacement variables as listed 
below.
 UFF: free-field ground-surface displacement
 UP: pile-head displacement of pile
 UPP: pile-head displacement of pile group

 UST: superstructure motion due to a seismic motion
 UO: foundation motion due to a seismic motion
 UG: the seismic excitation at the pile tip level (base)
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2.  Dynamic Impedances for the Foundation
 The foundation impedances are commonly used to 
represent the sub-structure in structural analyses.  The 
dynamic impedances for the foundation (springs and 
dashpots) associated with swaying (Kx, or Ky), and rock-
ing (Kx-ry or Ky-rx) are computed by Program DynaPile.  
The dynamic impedance includes real-part (dynamic stiff-
ness) and imaginary part (damping).  The foundation can 
consist of a single-pile or a group of piles. The soil can 
be a homogeneous stratum or inhomogeneous strata with 
varied shear-wave velocity in each layer.

3.  Super-Structure Inertial Response
 Having evaluated the foundation input motion (kinematic 
response), Uk(t) and Uk(t) from Step 1 and the impedance 
functions, Kx, Ky, Kx-ry, Ky-rx from Step 2, the total 
displacement of the superstructure can be computed by 
structural analysis software such as SFRAME, or others.

LIST OF FEATURES
• The program includes the effect from the approxi-

mate amount of soil mass around a pile that par-
ticipates in the dynamic response (inertial forces) 
and in the dissipation of energy (damping).

• The program can handle single piles as well as pile 
groups.

• The user can input up to 20 different soil layers and 
up to 500 piles.

• Unified soil parameters such as shear wave velocity, 
Poisson's ratio, mass density, and damping ratio, are 
employed for soil strata.

• The program performs dynamic analysis in fre-
quency domain, not in time domain.  The user can 
specify up to 100 different frequencies of exciting 
forces for analyses.

• Superstructure properties can be included in the 
analysis.  The superstructure properties include op-
tions for  the mass of the base mat, the mass of the 
superstructure, and the horizontal spring stiffness.

• The program will generate group reduction factors 
of vertical response, horizontal response, and rock-
ing response for pile groups under small excitation 
conditions.

• The program accepts either floating or end-bearing 
piles.

• The method of computation is based on consistent 
boundary matrix method proposed by Blaney, Kauser, 
and Roesset (1976).

• The files of input data and output data are text based and 
may be directly accessed from within the DYNAPILE 
program, employing the user's preferred text editor or 
word processor.

Vertical Stiffness of a 2x2 Pile Group

Sample Input Screens for DynaPile


