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LIMITATION OF LIABILITY

Although this software, VERSAT-P3D, has been tested extensivelghby
publisher and experience of using it would indicate it is accurdtgwthe limits

given by the assumptions of the theory and data used, the publisher (Wutec
Geotechnical International) and the author (G. Wu) assume no tjiabili
whatsoever with respect to any use of this software or with cegpeany
damages or losses that may result from such use. Any use abttvigre to

solve problems is the sole responsibility of the user as to whétheyutput is
correct or correctly interpreted or the problem correctly modelled.
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1.0 TECHNICAL MANUAL FOR VERSAT-P3D

1.1 Introduction

In addition to the quasi-3D theory background as described in Wu and Finrf, (1997
1997), a special 8-node (4-beam) pile element has been used in VERSAT-In
addition to representing the pile by a line-beam element, which doéskead physical
space in a 3D model, each pile segment can also be represented lbyafimsrarranged

at the four corners of a pile cross-section. For simplicity,l& @bss-section, either
square or circular, is modeled as a square. The four beamgidisetred to each other

S0 as to produce identical response, or to act as a single pilentle The 4-beam pile
element is introduced to take into account the effect of the phggiaak of a pile section

on the response of a single pile or a pile group.

A VERSAT-P3D analysis can be carried out in one of the followhrget modes of
analysis:

» Impedance ModeCalculating dynamic stiffness and damping
(impedance) in a frequency domain analysis;

» Loading Mode Applying cyclic loads (shear forces and bending
moments) at the pile head or at the pile cap in a frequency domain
analysis; and

» Shaking ModeApplying earthquake loads or dynamic loads at the pile
head or at the pile cap in a time domain analysis.

The technical manual presents the theory and assumptions used in éechabafve three
modes of analyses.

&Wu, G., and Finn, W.D.L. 1997. Dynamic elastic analysis of pile foundations using finite eleatbatin the
frequency domain. Canadian Geotechnical Journal, 34: 34-43.

® Wu, G., and Finn, W.D.L. 1997. Dynamic nonlinear analysis of pile foundations using finite etestand in
the time domain. Canadian Geotechnical Journal, 34: 44-52.
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1.2 Dynamic Stiffness and Damping of Pile Foundation

Under thelmpedance Modedynamic stiffness and damping of pile foundations are
obtained for the following

» Horizontal Y direction

> Rotation about X axis (or in YoZ plane)
» Coupling term of above two, and

» Vertical Z direction

A separate model and thus a separate analysis will be requiredler to compute
horizontal and rotational stiffness and damping in the other horizontatidirei.e., X
direction. On the other hand, stiffness and damping for rotation abous Zoaxorsion)
is not computed at present. If required, they need to be estimatadhifrrizontal
stiffness and damping.

1.2.1 Stiffness and Damping in Horizontal Direction

Subject to shear waves propagating in the vertiga@ction, the soils undergo mainly
shearing deformations in the horizontal (XoY) plaxeept in areas near the piles where
compression deformations develop in the directiomation (Figure 1). The compressive
deformations also generate shearing deformationgoid plane. In the light of these
observations, assumptions are made that the dymaaiions are governed by shear waves
in the XoY and YoZ planes, and compression wavéisarY direction. Deformations in the
vertical direction and normal to the direction abtion are neglected to simplify a full 3D
analysis to a quasi 3D analysis. The quasi 3Dysisaconsiders displacements in one
direction, Y, in a full 3D geometry.
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Figure 1 Quasi-3D Finite Element Model in HorizdnteDirection

As presented in Wu (1994), the governing equation dmsgrihe free vibration of the soil
continuum in the Y direction is written as

o’V . o%v L0V 9%V
= +0 +
atz G 6X2 G ayZ G azz

[1] Ps

Where v is displacement in the Y directign,is the mass density of soil, and @ a
complex shear modulus. The complex shear modulis €&pressed as GG (1+i-2 ) in
which G is the shear modulus of soil, an$ the hysteretic damping ratio of the soil. The
parametef was derived to b@=2/(141) assuming a plane strain condition in the Y diogct
(Wu and Finn, 1999), andis Poisson's ratio of the soil.
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Displacements in the Y direction are set to be &eéhe lateral boundaries of the finite
element model. Therefore, a quasi-3D model carrémted to simulate free-field response
by not using any piles in it.

The impedances, K are defined as the complex amplitudes of harmdéoices (or
moments) that have to be applied at the pile heamtder to generate a harmonic motion
with amplitude of unity in a specified directionThe horizontal, cross-coupling, and
rotational impedances of a pile at its head, remtesl by kK, Ky, and Ky, respectively,
are defined as (Figure 2):

Figure 2 Definition of Horizontal Pile Impedance

» Ky - with rotation fixed, the shear force required dause a unit horizontal
displacement
> Kge - With horizontal displacement fixed, the bendingment required to cause a

unit rotation at the pile head
» Ko — a cross-coupling term of the above two

The impedances (& Kys, Keog) are complex values, and they are expressed bg#hamd
imaginary parts as

[2] Ki=kj+iCj ..or. K;=kjtidag;

Where k = stiffness, ¢ = damping, £ = Gj/o = damping constant (or coefficient) for
equivalent viscous damping, and the angular frequency of the applied loads.
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The hysteretic damping of soils is included in teenplex shear modulus in Eq. [1]. The
radiation damping of a 3D geometry adopted in VER$BD consists of energy
dissipating boundaries including the horizontakbasd the four vertical side surfaces.

1.2.2 Radiation Damping at Boundaries

The shear force caused by a particle velocityeabtiundary is computed by

F = shear modulus (G) * particle velocity +shear wave velociy f\area (dA)
With G =p V&, then
F = (p Vs dA) * particle velocity
Therefore, the damping matrix for an area in shgds written as
[3] Cs =Ja p Vs dA
Similarly the damping matrix for an area in compi@s is expressed as
[4] cp=lapVpdA

Where \} and 4 are the wave velocity in compression and in shgarin VERSAT-P3D,
damping matrix is formed using the consistent fdaton of above equations.

Under the shear wave in the Y direction, the haiabbase and the two vertical side

surfaces parallel to Y are assumed to be sheawmougdary and the damping at these
surfaces is derived using Eqg. [3]. The two veltside surfaces parallel to X are assumed to
be in compression and the damping is derived Using4].

The energy transmitting boundary is applied onlyemwkhe frequency of the loads is equal
to or greater than 3.14 rad/sec (or 0.5 Hz). Qiiser;, static boundary conditions are
applied.

1.2.3 Stiffness and Damping in Vertical Direction
Subject to compression waves propagating in thicaedirection, the soil medium mainly

undergoes compressive deformations in the vertizakttion, Z (Figure 3). In the two
horizontal directions, shearing deformations amegated due to the internal friction of the
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soil. Although compressions occur in the two hamial directions, assumptions are made
that the normal stresses in the two horizontalcdoes due to vertical excitation are small

and can be neglected. Therefore the dynamic ntdrthe soil are governed by the

compression wave in the vertical direction, Z, #mel shear waves propagating in the two
horizontal directions, X and Y.

Direction of Motion, Z I / / / / / /
n / /

Z .
r ~ Soil
Compression »~

YoZ Plane
'Shear

o

-D finite elements

Pile -~

P77 7777777777077 7 P77l Ll

Figure 3 Quasi-3D Finite Element Model in VertiZaDirection

Analogous to the governing equation in the horiabi direction, the quasi-3D wave
equation of soil in the vertical direction is giveyn

2w L o*w . 9%w . 9°W
V4

5 =
> psatz G 0% oy

Where w is the soil displacement in the Z vertdiegction. The parametéy is derived to
beb, = 2(1 +u) based on equilibrium of the model in the verticalirection.

The vertical impedance of a pile at its head, represented,bis idefined as

» Kzz - Vertical force required at the pile head that inducesnia wertical
displacement.
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The hysteretic damping of soils is included in toenplex shear modulus in Eg. [5]. The
radiation damping of a 3D geometry adopted in VER$BD consists of energy
dissipating boundaries including the horizontakbasd the four vertical side surfaces.

Under compression waves in vertical Z directiom, fhur vertical side surfaces parallel to Z
are assumed to be shearing boundary and the dawtpingse surfaces is derived using Eq.
[3]. The horizontal base is assumed to be in cesgwn and the damping is derived using
Eq. [4].

Again, the energy transmitting boundary is appbety when the frequency of the loads is
equal to or greater than 3.14 rad/sec (or 0.5 Ktherwise, static boundary conditions are
applied.

1.2.4 Stiffness and Damping of Pile Group in Rocking

The rocking impedance of a pile group is a meastiresistance to rotation of the pile cap

due only to the resistance of each pile in the gitouvertical displacements. The rocking

impedance of a pile group, represented hyi&quantified as summation of moments of the
axial pile forces about the centre of rotation,nP@ in Figure 4, induced by a unit rotation

about Point O. This definition is quantitativekpeessed as

[6] Krr:Zri. Fi

Where r are distances between Point O and an individdalipithe group, and;fre the
amplitudes of axial forces at the pile heads.

The rocking impedance, stiffness and damping, msptded assuming that piles located on
the right side of Point O (Figure 4) mirror theegillocated on the left side of Point O. In
other words, only the piles on the left side ofPdD are used in calculation, and the
computed rocking impedance is multiplied by twadarive the rocking impedance of the
pile group. This simplification only applies tolaadation of rocking impedance. The

calculation of vertical impedance of a pile grogesiall piles in a 3D model.
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rigid base
Figure 4 Calculation of Rocking Impedance in a Bteup

The radiation damping in the calculation of rocking impedance takearne form as in
the calculation of vertical impedance.

1.2.5 Stiffness and Damping of Pile Group in Translation & Rotation

Piles Fixed to the Pile Cap

For a pile group with piles fixed (rigidly connected) to the pile cap, rttational
impedance of the pile group consists of two distinct components, theomatat
impedance of each individual pile and the rocking impedance of the pig.grin a
VERSAT-P3D calculation, the two components are computed separatedyrothtional
impedances of individual piles in the group are computed using a quais-3D imtuke|
horizontal Y direction, and group effect is taken into account. Thengakpedance of
the pile group is computed using a quasi-3D model in the verticakgtidn, and group
effect is also taken into account.

The rotational impedance of the pile group is a summation of thedmpanents. For
this condition, the horizontal displacement of the pile cap is couplidretation of the
pile cap.
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Piles Pinned to the Pile Cap

For a pile group with piles pinned to the pile cap, the rotational inmpedaf the pile
group consists of only the rocking impedance of the pile group. Rotatigoediance of
individual piles does not provide resistance to rotation of the pil@@eguse the piles do
not carry bending moment at the pile head. The bending moment of theapilis
carried out by axial forces in the piles.

For this condition, the horizontal displacement of the pile cap is uncowuptad or
independent to, the rotation of the pile cap, and the horizontal impedarice pile
group is the so-called “apparent stiffness and damping” that repebenshear force
required to cause unit displacements when the pile head is free to rotation.

1.3 Response of Pile Foundation to Cyclic Loads

Under theLoading Modg cyclic loads can be applied only in the horizontal Y direction.
Response to cyclic loads applied in the other horizontal X directeeds to be carried
out in a separate analysis. Analysis of response to cyclic Inalle vertical loads is not
available at present.

The steady-state response of pile foundation subject to cyclic (loadsonic shear force
and/or bending moment) can be obtained by solving the equations of motion in the
frequency domain using the same method as for the calculation eflamge. However,
unlike in the impedance calculation where the analysis is lineatie the response
analysis can be done either in linear elastic or in nonlinear elastic.

For problems involving high magnitude of loads that can induce nonlinear response
soils, the response to the cyclic loads will have to be compuged) a method of
iteration to seek compatibility between magnitude of loads and siffagsoils. In a
given iteration, the analysis is conducted as linear elasti@a smbsequent iteration of
analysis, the soil stiffness (or shear modulus to be specificdamgping are adjusted
based on the level of shear strain induced in the previous iteratibe.relationships
between shear modulus, damping ratio and shear strain can be specified by the users.
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Shear failure and tension failure in soils may also be sintutatgoroviding appropriate
values of Yield Strength and Tensile Strength to a soil unit. A legr shear modulus is
assigned to a soil element when the soil element is determined to be failed.

For response analysis of a pile group subject to cyclic loads, the rocking impedance of the
pile group is taken into account by adding the rocking impedance, calculaesparate
analysis using the method described in Section 1.2.4, to the rotationabfteomplex
stiffness in the equations of motion. This method for consideratiarchking impedance

is illustrated in Figure 5.

rocking impedance
Pile cap assumed to be rigid 1 P

Figure 5 Consideration of Rocking Impedance of A Pile Group Subject to Horizontal
Loads or Shaking in Y Direction

1.4 Response of Pile Foundation to Earthquake Loads

Under theShaking Modg earthquake motions are applied in the horizontal Y direction
only. Response analysis of pile foundations subject to vertical ground mations
formulated at present although analysis of a pile group under horizonkatgsheould
also involve calculation of rocking stiffness and damping. The calmulat rocking
impedance of a pile group is performed separately in the Veftidmection (see Section
1.2.4) and in parallel to the time history analysis of the pile group.efidrerthe rocking
stiffness and damping of a pile group is updated continuously with tinibei time
domain analysis that reflects the nonlinear behaviour of soils.
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1.4.1 Equations of Motion in Horizontal Y Direction

The governing equation of motion, Eq. [1], for ge283 analysis in the horizontal Y
direction, has been solved in the frequency domain fouledilon of pile impedance and for
response analysis of pile foundations subject tticipads at the pile head or the pile cap.

For response analysis of pile foundations subgadrthquake loads in the horizontal Y
direction, the governing equation of motion (Ed) [4ill be solved in the time domain that
can simulate the time-dependent nonlinear behawioswils under earthquake shaking.

In a time domain analysis, the dynamic equilibrieguations of a soil-pile quasi-3D model
can be written in a matrix form as

[7] [MK{ v} + [CI{V} + [KK{v} =-[MKI} vo(t)

in which i(t) is the base accelerations, {I} is a unit coluwector, and §} , {0} and {v}
are nodal accelerations, velocities and displace&sneespectively, relative to the model
base. [M], [C] and [K] are the mass, damping atifthess matrices. Direct step-by-step
integration using the Wilsofiimethod is used to solve the equations of motidegin7].

The non-linear hysteretic behaviour of the soilmedeled by using a variation of the
equivalent linear method similar to that used & ¢bmputer program SHAKE (Schnabel et
al., 1972). Additional features such as tensidrofiuand yielding are also incorporated in
the program to simulate the possible gapping betweé and pile near the soil surface and
yielding in the near field.

1.4.2 Simulation of Soil Non-Linear Stress-Strain Response

An equivalent linear method is employed in the progto model the non-linear hysteretic
behaviour of soil. The basic assumption of thishoe is that the hysteretic behaviour of
soil can be approximated by a pair of secant shedulirand viscous damping ratios which
are compatible with the level of shear strain. iGglprelationships between shear modulus,
damping ratio and shear strain can be found ititdrature such as Seed and Idriss (1970),
and Seed et al. (1986). This method has been tedcepd widely used in engineering
practice, and it has been incorporated in the coenmode SHAKE (Schnabel et al., 1972)
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for 1-D ground motion analyses and in QUAD-4 (lslret al., 1973) for 2-D plane strain
analyses.

When the equivalent linear method is applied tahgaake problems involving irregular
amplitudes of shear strains with time, the curpattice is to assign a constant effective
shear strain to a soil element to represent thatiar of shear strains with time. The
effective shear strain is commonly taken as 65%h@fmaximum shear strain experienced
by the soil element during the life of earthquakaking, and it is used to determine constant
effective G and. of the soil element that are then used in théd fieetion of analysis.

To approximate better the nonlinear behaviour dfswder strong shaking, compatibility

between secant shear modulus, damping ratio arad shrain should be sought at a time
interval within which the shear strain history ¢ensuitably represented by a single value of
shear strain. This ensures that the time histofiseear moduli and damping ratios in each
soil element are followed during the analysis intcast with the equivalent linear approach
described earlier in which a single effective vatuesed to represent the entire time history.

In a practical VERSAT-P3D analysis, the shear moaldl damping ratios are updated at
specified time intervals which balance accuracy @mdputational time. For the analyses
conducted to date using this method, it was foundeé sufficient to update the soil

properties at every 0.5 to 1.0 sec based on thie ste@in levels from the previous time

interval.

1.4.3 Equivalent Viscous Damping

The hysteretic damping ratid of soil is included in the dynamic analysis by ngsi
equivalent viscous damping. A procedure for estmgaviscous damping coefficients for
each individual element proposed by Idriss etl®74) is employed. The main advantage
of this procedure is that a different degree of jpiagn can be applied in each finite element
according to its shear strain level. The dampiresgentially of the Rayleigh-type, which is
both mass and stiffness dependent.
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The damping matrix [GLmfor a soil element is given by

8 2
[8] [C ]elem: Aelem(ga)l [M ]elem+ [K ]elema)
Where o; is the fundamental frequency of the pile-soil eystand is applied to each
element. The frequenay; is obtained by solving an eigen-value problenmhefdystem and
is updated with time. The hysteretic damping rati@m, is prescribed as a function of
element shear strain (Seed et al., 1986), andsthlso time dependent.

The viscous damping as expressed in Eq. [8] provides a damping ratigmcdt two
frequencies, one ai; and the other at four times,.. At other frequencies, the damping
ratio could be either higher or lower tHaRm

1.4.4 Consideration of Rocking Stiffness and Damping of Pile Group

The rocking stiffness and damping constant of the pile group is takencenorda by
adding them, calculated in a separate analysis using the method descriBection

1.2.3, to the rotational term of stiffness and damping constants in the equations of motion.
This method for the consideration of rocking impedance is illustrated in Figure 5.
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1.5 Finite Element Formulation

1.5.1 Eight-Node Soil Element

An 8-node brick element is used to model the soil (Wu, 1994; Wu and Finn, 19%7a).
each soil node, nodal variables consist of displacement in one directni.enl Y
direction in a horizontal analysis mode and Z direction in a veditalysis mode. This
is an assumption made in the quasi 3D model, and it is recognized tiwate in 3D
should contain displacements in X, Y and Z directions.

1.5.2 Two-Node Pile Element

Horizontal Analysis Mode

In this analysis mode, only the bending motion in the plane of motion (YoZ)pkne
considered. At each pile node, nodal variables consist of displaceméndirection,
and rotation in the YoZ plane.

Piles are modelled using the ordinary Eulerian beam theory. Two-nedelgnhents are
used to model the bending behavior of piles subject to horizontal loadspil&@heass
density, p, is used to form the diagonal mass matrix of a pile element. b&hding

stiffness of the two-node pile element is given by

12 6L -12 6L
EI| 6L 4L*> -6L 212
[9] [K]:—g
°|-12 -6L 12 -6L

6L 2L° -6L 4L’

Where

E = Young's modulus of the structural member (the pile);
| = the bending moment of inertia of the file

L = length of the pile element.

¢ For example, 1=1/12*bhis for a rectangular section with a width of b antieight of h; and
I=1/64re d* (wherer=3.14186) is for a circular section having a diamefed.
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Vertical Analysis Mode
In the vertical analysis mode, variables of a pimle contain only displacement in the
vertical Z direction. The axial stiffness of teotnode pile element is given by

EA
[10] K,= ~
Where:
A = sectional area of the pile (E, L are the samim &q. [9]).

1.5.3 Eight-Node (4-Beam) Pile Element

In short, the 8-node pile element takes the spaceésaarit8-node soil element and it has the
properties of a 2-node beam element distributexltin eight pile nodes. In other words, a
pile segment is represented by four beams arraag#te four corners of the 8-node pile
element that represents the actual volume of teespgment.

The purpose for using the 8-node pile element itake into account the effect of pile
diameter on pile response. A 2-node pile elengeatline-beam element that does not take
any physical space in a 3D model and therefore doegeflect the diameter effect on pile
behaviour. The use of one multiple 8-node pile elements to represent a large-diameter
structure (such as a caisson, a vertical tunnelsba#) section makes it possible to account
for the diameter effect on response.

When a structure section is represented by mulBph®de pile elements, the geometric
properties (bending moment of inertia and sectrea)aare evenly distributed to the number
of elements on the section. Of course, if one @npile element is used, the actual
properties of the pile section are assigned tgpiteselement.

The procedure for such a representation has badreddy analyzing a vertical caisson
itself without any soil elements surrounding itt i3 strongly recommended that the
behaviour of such a structural section of multgeode elements be tested thoroughly prior
to applying it to a soil-structure interaction ars.
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1.5.4 Batter Piles

Batter piles are approximately represented by ngodjfthe horizontal stiffness of piles in a
horizontal analysis, and the vertical stiffnesgpitds in a vertical analysis mode.

The horizontal stiffness of a pile element in Bj.i$ modified as

12EI

hori —

EA
=== co¢ a+L—S|n a

a

[11] K

a

Where o = the inclination angle to Z axis of the pile gaed in YoZ plane, and

The rotational stiffness of the pile element is [B§jis not affected by the batter.

The vertical stiffness of a pile element in Eq.][0modified as

12EI

a

[12] K

vert —

——sin ,8+—cos2 Yij

Where = the inclination angle of the pile to Z axis.
L, = actual pile length of the batter pile alongpikss.

The calculation of pile stiffness is taken carebyf the program once the angles of
inclination,o. andp, are entered for a pile.

The accuracy of the representation for batter sléisited to the assumptions made above

in associated with the angle of pile inclinatidhis recommended that the approximation be
used for piles with batter angle less than 30°.
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2.0 USERS MANUAL FOR VERSAT-P3D

2.1 Input and Output Data Files
2.1.1 For VERSAT-P3D Run

The Windows-based interactive progrant;RSAT-P3D Processoyis used to prepare
and save the input data file for the computing progidai SAT-P3D Run. Depending
on the problem at hand, one to two input data files are required:

» PILE3D.P3D: Main input file required by all analyses. WhenSheking Mode
is run, the earthquake accelerations are appended at the end of this file manually;
> PILE3D.ATT: This file is required in a nonlinear analysis. ¢ntins data
describing nonlinear relationships between shear modulus, materialnga@apd
shear strains. Some published data are compiled and included imahis t
distributed.

The results of the analysis are contained in three output data files:

» PILE3D.OU1 This file contains echo of model data and computed stfimed
damping values.

» PILE3D.OU2 This file contains printed node and element response. Under
Loading Modg the response is in complex value and contains real and imaginary
parts. Undethaking Modgthe response is in real value.

» PILE3D.HIS This file contains time-history response of the fimteles and
elements that are requested by the users. The data can beedetreeng a
support program, V-HIS3D.exe.

VERSAT-P3D always uses the above names as data files for input and output.

2.1.2 Terminology in VERSAT-P3D Processor and PILE3D.P3D

TITLE Title of the problem
IMODE: Analysis mode including one of the three modes:
» Impedance Moddampedance calculation (frequency domain analysis);
» Loading Mode: harmonic loads at pile top/cap (frequency domain
analysis); and
» Shaking Mode earthquake loads or loads at pile top/cap (time
domain analysis).

KIMP Index for computing impedance with a value of Yes or No
ICHANG Method of analysis (linear elastic or nonlinear or equivalent linear)
IROCK Pile head/cap condition using one of the three conditions:

» piles are pinned to the cap and moments at pile heads=0;
> piles are fixed to the cap; and
> piles are fixed to the cap and rotation of the cap is zero.
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ISYM Index for mesh symmetry (a full size mesh; or a half size mesh)
ACCEG Acceleration due to gravity such as 9.81°m/32.2 ft/$
UNITWW  Unit weight of water such as 9.81 kN/ior 62.4 Ib/ft
PA Atmospheric pressure such as 101.3 kPa or 2116 psf
NMAT Total number of soil and pile material units
IMTYPG Type of material; (5 for pile and 3 for soil)
For IMTYPG =5;
» EMAT(I, 1) = Kg, Young's modulus constant (beam or truss), g2
» EMAT(I, 2) = cross section area of the pile unit
» EMAT(I, 4) = bending moment of inertia of the pile unit
» EMAT(I, 5) = unit weight of the pile such as kN/m
» EMAT(I, 6) = reduction factor; 0.5 if a pile is located on the X-
symmetric line (parallel to Y-axis) in a half-mesh analysis, 1.0 for all
other cases.
» EMAT(I, 7) = a inclination angle of a battered pile in the YOZ plane
» EMAT(I, 8) =B inclination angle of a battered pile to the vertical Z
axis
» EMAT(I, 9) = damping ratio of the pile unit in percentage
» Others are not used for a pile material.
For IMTYPG = 3;
» EMAT(I, 2) = Kg, shear modulus constant (G KPa)
» EMAT(I, 3) = unit weight of the soil unit
» EMAT(I, 4) = strain factor used in a nonlinear analysis (such as 1.0 for
using peak strain from previous time interval).
» EMAT(I, 5) = tensile strength of soil unit
> EMAT(l, 6)= i"-set of curve in PILE3D.att for describing modulus
reduction and damping variation with effective shear strain such as 1.0
for 1st curve, 3.0 for the 3rd
» EMAT(I, 7) = Possion’s ratio (required)
» EMAT(I, 8) = shear strength of the soil unit
» EMAT(I, 9) = initial damping ratio of the soil unit in percentage
NNODES Total number of nodes in the 3D model
NE Total number of elements in the 3D model
NODEO The principal pile cap node
NFIX Total number of pile nodes at the pile top/cap
NODFIX List of numbers of all pile top/cap nodes constrained/slaved to NODEDO.
XMAX X-coordinate where the energy transmitting boundary applied
YMAX Y-coordinate where the energy transmitting boundary applied
XSYM X-coordinate where the X-symmetric line is located
YSYM Y-coordinate where the Y-symmetric line is located
ZCAP Z-coordinate where the pile cap nodes are located
ZMAX same as ZCAP
ZROCK same as ZCAP
ZSOIL Z-coordinate of the soil or ground surface
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SHEARO Shear force applied at NODEO (see notes below)
MOMO Moment applied at NODEDO.

Notes:

» The above two parameters are required only.dhding Modeis
specified. Use 50% of actual values if a half-mesh is usedhe
analysis. For analysis of a pile group, a rigid pile cap is auicatigt
assumed to exist at top of piles. The pile cap is representesifyia
nodal point, NODEO, which is the first pile node at the level of the
cap. All the remaining pile-top nodes are slaved or constrained to
NODEO. Rocking stiffness, AKROCK, for the pile group is calculated
for rotation resistance about Y-symmetric line (parallel t@x)
including piles located between Y=0.0 and Y=YSYM.

Table 1
Mode Parameters Descriptions
N_OMEG Number of frequencies for impedance calculation
Impedance OMEG_0 First angular frequency (rad/sec) for impedanceutation
Mode D_OMEG Incremental frequency for each subsequent calomlati
N_OMEG «  When N_OMEG>=5, total loads are equally divided
into (N_OMEG-4) increments. The final load
increment is iterated 5 times.
Loading *  When N_OMEGK<S5, total loads are applied and iterated
Mode N_OMEG times.

OMEG_0 Angular frequency (rad/s) of the shear/moment loatfhen
impedance is requested, N_OMEG sets of impedarce ar
calculated at this frequency.

D_OMEG Not used

N_OMEG Rocking stiffness and damping of a pile group qreated, and
shear moduli and damping ratios of all soil elerseme saved,
for a total of N_OMEG times (i.e., at every NPRN&eps of

Shaking numeric integration).
Mode OMEG_0 « When impedance calculation is requested, the saved

soil data are used for calculation of impedancer dfte
dynamic time-history analysis is completed. A kofa
N_OMEG sets of impedance are calculated at this
angular frequencYQMEG_0 (rad/s);

* When impedance calculation is not requested, this
parameter is used for computing rocking impedance
only.

D_OMEG Not used

4 NPRN2=NPOINT/N_OMEG, and a minimutdPRN2 of 50 is set by the program.
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The following section applies whershaking Modeis used.

NLOD
NODMAS

PMASS(1)
PMASS(2)

PMASS(4):
PMASS(5):
PMASS(6):
PMASS(7):
PMASS(8):
PMASS(9):

IOPEQ
NNPOUT

NPOUT(J)

NPOINT
DTIME
AMPL
FREQ
EQTITL
FAMPL
FMT
ACCE(J)

Index on where the acceleration is applied, i.e., at a node or base shaking
Node number of node where concentrated mass and/or stiffness isdattache
Mass at the node and it must be divided by 2.0 in a half mesh analysis
Mass moment of inertial at the node and it must be divided by 2.0 in a half
mesh analysis

concentrated rotational stiffness

concentrated rotational damping

concentrated horizontal stiffness

concentrated horizontal damping

concentrated cross-coupling stiffness (including '-' sign)

concentrated cross-coupling damping (including '-' sign)

Index about the type of input motion (earthquake type or harmonic SINE
type)

Total number of elements plus nodes at which time-history response are
output to PILE3D.HIS.

List of node number or element number at which time-history resgonse i
to be output in PILE3D.HIS. A positive number represents a node
number, and a negative number for an element.

Number of input acceleration or load points (a maximum of 20000 points).
Time increment for input acceleration or load time history
Amplitude of SINE input acceleration or load
Frequency in Hz (or 1/sec) of the SINE motion
Title of earthquake or load time history
Scaling factor for input accelerations or loads
Data format of the input accelerations or loads such as (8F10.4, 8G10.0)
List of input accelerations or load time histories using FMT
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2.1.3 Input Explanations for PILE3D.ATT

This file is needed only if a nonlinear analysis is used. It contains variations of shear
modulus ratio and damping ratio as a function of shear strain.

1.

NCURVE (18)
NCURVE: number of sets of curves contained in this file
(One set of curves contains both modulus reduction and damping curves)

NMOD (18)
NMOD: number of data points used for describing this set of curves

GAMM() (16F8.0)
GAMM(i): list of shear strains (from small to large) in percentage

FMOD(I) (16F8.0)
FMOD(i): list of ratios of shear modulus G{ corresponding to GAMM(i)

FDMP(l) (16F8.0)
FDMP(i): list of damping ratios (in percentage) corresponding to GAMM(i)

Input card 2 to 5 must be repeated NCURVE times.
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2.2 Prepare Input Data
2.2.1 Define 3D Grid in X-Y-Z and Soil Unitsin Z

» Go to “DEFINE” and select3D Finite Element Grid in XoY and Z".
> Input Pile Diameter in Step 1;
» Choose method for grade in Step 2.
= Click “Standard Single Pile Grid” or “Single Pile Grid for Higheh...”
can give you a predefined grid in XoY plane for a given Pile Diameter.
= Input the Z-coordinate at top of each layer by providing the thickness of
each layer from bottom-up (note: the base is always set to Z&@an
increases bottom-up).
» Input soil material number for each layer under “SoilUnit”
> Input the Z-coordinate of soil (ground) surface in Step 3. In soms,dasepile
cap is located above the soil (ground) surface, and the highest Zhooid e
greater than the ground surface in these cases. The pile capys gkt to be at
the highest Z-coor of the model.
» Click “Update Change” to refresh the changes
» Click “Accept Change” will exit from this window and save the changes

x|
Stepl:———— | ~Step 2: Choose method for grid generation
’7 'S\i’;rrna;gtsrf"e ID-5 & Standard single pile grid - Bx24  User defined grid
" Single pile grid - %18 for high frequency loads (a0>0.15)
RID RID o A RID
No_% |dx  |-coor No_ |dY  |“-coor L No_Z |dZ | Z-coor | Sailunit
» Ej i i r i i r ] i i
2 45 45 2 ] ] 2 z 2 2
3 3 75 3 4 9 3 z 4 2
4 25 10 4 3 12 4 z G 2
5 2 12 5 2.5 145 5 z i 3
Bi5 15 135 E|5 2 165 E|5 z 10 3
7 1 145 7 2 185 7 z 12 3
] 0.75 15.25 i 15 20 i z 14 3
] 0.75 16 9 15 215
* 10 1 225
1 1 235
12 0.75 24.25
13 0.75 2h
14 0.75 25,75
15 0.75 265
16 1 275
17 1 285
18 15 30
19 15 Nk
20 2 335
21 2 355
Z-coor of soil
’7 surface (Zsoil) = &
MNate: X¥.Z-coor are for display only!
Edit o, v, dZ

Figure 6 Set 3D Finite Element Grids in XoY and Z
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2.2.2 Define Piles for Location-Length and Pile Units

» Go to “DEFINE” and selectPile Length and Unit’
» By default, pile locations are set at nodes as shown in Figure 7.

Note: On the computer screen, the Processor does not show the Slaatkenpents, but
rather show the piles as one would see in reality. For instangeomalpile location is
shown for a single pile analysis. The 8-node pile elements wdtdmed automatically
by the Processor when the data is saved. The “Pile Diamete@ifisgpen the previous
window is used as the length of a square pile sectidns therefore noted that the
spacing between a grid line and its adjacent pile should be at least greater than half of
the diameter of the pile because the actual space of the pile will be inserted at the pile
location.

x sl Pro »
Yiew 30 FE data Man Actian
Node #-Coar *-Coar IzPileNade? | PileLenagth PilelInit -
204 16 12 - 1] 1]
205 16 14.5 0 0
208 16 165 1] 1]
207 16 185 1] 1]
208 16 20 1] 1]
209 16 218 1] 1]
210 16 225 - 0 0
21 16 235 A4 12 1
212 16 24.25 1] 1]
213 16 258 A4 12 1
214 16 2575 1] 1]
215 16 &5 A 12 1
216 16 278 - 1] 1]
217 16 285 1] 1]
218 16 a0 0 0
219 16 IR 1] 1]
220 16 338 1] 1]
21 16 EiTk] 0 0
222 16 2] 1] 1]
223 16 41 0 0
224 16 45 1] 1]
225 16 50 1] 1]
* A
=140
TT y=50.0
T long. hori. { axis-vy)
[T
x=16.0
tran. hori. (axis x)
number ofdisp_frot. = 0{maxnnet=8500}%; band width=3(max Iband=518}; model size=0{maxak=4120000; ¥=19.9539170506912;
i.lﬂ‘ n:}llal l "l |1 nz Ll TN

Figure 7 Define three piles at X=16 on the X-Symmetric Line

Page 26 of 34



Wutec Geotechnical International, Canada\Www.wutecgeo.com
VERSAT-P3D

» Other two methods for defining pile locations can be activated by checking the
“Pile Setting Method” under SETTING, as shown in Figure 8.
» The other two methods do not require insertion of pile elements because
o When pile locations are set at element centre, the elements identified wil
become 8-node (or 4-Beam) pile elements. In this case, the 8-node pile
elements may not be square, i.e., can be rectangular.
o When pile locations are set using 2-node (or 1-Beam) pile elements, the
piles are presented by a line and do not have physical space in 3D model.

P - O/X]

Yiew 30 FE data Man Action Diraw Text Yiew Model |

Method for Setting Piles
SELECT AMETHOD

+ Default- Set Pile Locations at Grid Point (by Node)
Files are modeled using 4-Beam File Elemeants

~ SetFile Locations at Element Centre:
Files are modeled using 4-Beam File Elemeants

~ SetFile Locations at Grid Points:
Files are modeled using 1-Beam File Elemeants

Il Cautions: all existing data on pile locations are erased

when another method is selected!

Figure 8 Methods for Setting Piles

» Once pile locations in plan are set, pile length and pile mhtenia of each
individual pile will need to be defined in the same window as shown in Figure 7.

» It is noted that the pile length is the distance from the pje ttee maximum Z-
coordinate of the model, to the pile tip. The pile length is grehser the
embedment depth of the pile (the distance from the ground surfacepitethip)
when the pile cap is elevated above the ground surface.

> It is further noted that, in Blalf-mesh analysisdifferent pile material numbers
are assigned to piles that are located on the X-Symmetrianithéo piles that are
not. This is because piles on the X-Symmetric line require tosbigred a
Reduction Factor of 0.5 in pile properties, meaning the same pitpialy shared
by the other half of the grid that is not included in the analysis.

» This Reduction Factor of 0.5 does not apply to 8-node pile elements dbfined
the “Setting Piles at Element Centre” method because thredepile elements
are not shared by the other half of the grid, even in a Half-mesh analysis.
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2.2.3 Define Properties of Pile and Soil Units

» Go to DEFINE and selecPfle and Soil Propertie$

» For the example being illustrated, Unit 1 is assigned to the fhileon the X-
Symmetric line and thus has a Reduction Factor of 0.5. Units 2 and 3 ar
assigned to the two soil units, the red and the blue zones shown orrtibal ve
grids. Unit 4 is assigned to a Reduction Factor of 1.0 and other properties same as
Unit 1, and it can be assigned to piles located not on the X-Syroriee. Unit
4 is not used in this example.

» It is noted that the total unit weight should be assigned to pilescélacakhough
they may be submerged.

FILE SETTING DEFINE  VIEW CPTIONS  HELP
View3DFE date. | Non Action | DrawText | viewnodel |

Input of Soil and Pile Properties

INPUT OF PILE PROPERTIES
PFilelnit |Y0ungKe=E.-"F‘a | Sectiondrea | Unifw/eight | D ampingH atial % | tomentlnertia | ReductFactar | alphalv'0Z plane | betalZ-amiz]
100000 1 25 4 0.05 0.5 0 1]
100000 1 25 4 0.05 1 0 1]

Sailnit | Shearkg=G/Fa | Poizzon'sR atio | Unifw/eight | IritD armpingR. % | Curve No | StrainFactor | TensileStrength |Yield8 trength
2 1000 0.48 20 065 1000 2000
3 2000 0.4 20 0.65 1000 2000

y=50.0

long. hori ( axis-y)

¥=16.0

Figure 9 Assign Properties of Pile and Soil Units
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2.2.4 Define Control Parameters for Analysis

>

>

Go to DEFINE and sele¢€Control Parameters”. This window will define what

analysis will be carried out and how it is carried out.

Figure 10 shows parameters under ltheding Mode. A combination of cyclic

shear and moment (shear force=200 kN and bending moments=500 kN.m) is
applied at the pile cap intdalf-meshanalysis while the piles are fixed to the pile

cap. Note that “Shear of 100 and Moments of 250" are entered imindew.

The frequency of the cyclic loads is 1 Hz (6.28 rad/sec).

The loddbenv

divided into 6 increments and applied incrementally in a nonlineaysasal A

total of 10 analyses will be performed with the last load increment being iterated 5

times.
ERSAT-P3D GENERAL PARAMETERS
|L|:|ﬂding Mode with Shear=200 kN. Moment=500 {Half-mesh)
Analysis Mode (IMODE) Fixity at pile cap
¢ Impedance calculation ¢ Pinned, M=0 at top
(frequency domain)
+ Harmonic Loads at ple cap & Fixed to cap
(frequency domain)
~ Shaking orLoading at pile cap " Fixed to cap + rot=0
(time-d omain anahysis)
Computing Impedance? 3D Finite Element Mesh
& Yes * Half Mesh
© No " Full Mesh
Method of Analysis NOMEG. OMEGD
" Linear Elastic N_OMEG= [
* Non-linear OMEG_D =
{rad/s) 6.28
Analysis Constants DOMEG
Gravity acceleration, g D_OMEG= ’7
{m/s"2.orftfs"2 or.) (rad/s)
9.81]
|— ] . Pile Loads
Unitweight of water .
{kN/m~ 3. orIbfft~3..) Shear (kN, kips)
8.81 100
Atomspheric pressure, Pa i
(kPa. orlb/ft"2 ) Moments (kM.m: kips ff)
1013 250

Figure 10 Define Parameters under Loading Mode
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2.2.5

YV V

Define Parameters for Shaking Mode

In Figure 10, clickshaking Modaunder‘Analysis Mode”

Go to DEFINE and seletgetup for Shaking Mode”

In Figure 11, an acceleration record from the 1971 San Fernando Eartigliake
be appended MANUALLY by the user at the end of PILE3D.P3D. Thedesor
written in 8 columns with a comma separating two columns. The Z080
acceleration points from the record will be used in the dynamiyssal The
time increment for the record is 0.02 sec, and the acceleratiaesvalill be
multiplied by 9.81 to convert into the unit of rhfsr accelerations to be used in
the analysis (assuming the original values are in g).

Time-histories response at node 500 and element 200 will be saved under
PILE3D.HIS.

No external mass or stiffness is applied at the pile cap (all zero iesgntr

or earthquake shaking or horizontal loading at a node (IMODE=2 for time-domain analysis) E]

Shaking or Loading ? Type of Loads ?

f« Earthquake shaking " Harmonic (SINE)

Dynamic Shear Force at a Irreqular earthquake
(‘ g
node such as the cap. Node= accelerationfload

Title of SINE or earthquake motion is

|Acce|eratiun Records from the 1971 San Fernando Earthquake

Accefload points will be 2000 Time increment DTIME (sec) g p2
usedin analysis, NPOINT

Ampiltude of SINE, AMP = Frequency of SINE in Hz =

Scaling factor. FAMPL 981 Numberofdata columnsin g
accefload record,

Apply external mass andfor stifiness at the pile cap
Node Mass MM Kyy Cyy Kyr Cyr K Crr  Pile Cap Node
o o Jo jo o jo o Jo Jo O

Number of points for time-hsitory output (+5 for node 5; -10 for element 10}

EDIT| 2 500.-200,

Earthquake records are to be appended
MANUALLY tothe end ofthe inputfile, i.e,

e PILE3D.P3D
1.valuesin the records are interpreted as
Kyy. Cyy = horizontal stiffness/damping acceleration {such as m{sfs) for Shaking opion

2.wvalues in the records are interpreted as
force (such as kN, ) for Loading option

S GO IE UL E22 f Tl ) 3.whenthe record lengthis less than NPOINT,
M.M.I. = mass moment of inertia; zerois used to make up the remaining.

Figure 11 Define Parameters under Shaking Mode

Kyr. Cyr = coupling stifiness{damping
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2.3 Start An Analysis

» Save the prepared datar”ISE3D.P3D

> Re-load the saved data back. The Processor can then verify the size of the model
being less than the maximum allowed size, and show the node and element
information of the 3D model. Without a reloading, these data are not available.

» RunVERSAT-P3D Run.exeunder either Windows or Dos environment. Make
sure thaPILE3D.P3Dis under the same directory\ @asRSAT-P3D Run.exe.

2.4 Retrieve Time-History Response

A separate computer program, calléthis3d.exe is used to retrieve the time-history
from PILE3D.HIS, a binary file containing time-history response. Another injgutifil
V-his3d.exe iPILE3D.IN .

An example of PILE3D.IN, containing only two lines, is as follows:

Line 1. 4,0, 0,
Line 2: 1,2, 3,4,
Line 1:
NDATA Total number of time-histories is requested,
N1 0, always
N2 0, not used
Line 2:

List of codes representing the specific quantity (such as adiabera
displacement, bending moment, shear force, etc.). These codesiémmgta
time-history response at a node or in an element are printed aehdhef the
output file, PILE3D.OU2.

3.0 EXAMPLES OF VERSAT-P3D MODELS

The example models shown in Figure 12 include the following:

a). Structural analysis of vertical caissons only

b). Analysis of free field response using a 10-layer model

c). Analysis of a 12-pile group (shown as 8-pile group in a half-mesh analysis)
with an elevated pile cap

» d). Analysis of a large 44-pile group (shown as 24-pile in a half-mesh analysis)

YV V

Analyses of these models are tasks for the users to complete..
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|ver‘[ica|(a><i5-z) .
iy |

T

e
T

T

\_\_\\‘\\\

ey

et |

.
S

e long. he /S Aly=100
A =15 B
- horl (a){:ls }{::I I ,f/," T T
fran. hori. K
[ T
I
)
/=100

a). Structural analysis of vertical caisson
only

tran. hoii. {amis x)

b). Analysis of free field response using a 1!
layer model

vertical { axis-z)
=480

¥=18.0
tran. hori. (axis x)

c). VERSAT-P3D Model for analysis of 12-pile grouggshown as 8-pile group ir
a half-mesh analysis) with an elevated pile cap
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A large d4-pile group in a half-mesh analysis

| vertical { axis-z)
l7=54 0
1

R Eer ]
A LS LIS L
VA R S R P
Iy -~ A gy -
- = Nl I s x Kﬁffﬂ/f o = = I
1 B s dteratric Line
L] 1 M 11,1
(] I L M
iual [ ity
LaEl s
N — Ly
Him - .
[y JE— |1 :’/;/
A /y:SO.D
long. hori . f
[
jE—
I

¥=18.0

tran. hori. (axis x)

d). VERSAT-P3D model for analysis of a large 44-f# group (shown as 24-pile in a hal
mesh analysis)

Figure 12 Examples of VERSAT-P3D Models
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