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ABSTRACT

FLAC (Fast Lagrangian Analysis of Continua), Version 2.20, is a
two~-dimensional, large-strain, explicit finite difference code
written for analysis of problems in geotechnical engineering.
FLAC has the ability to perform static mechanical analyses as
well as transient heat transfer and fluid flow simulations.
Various constitutive models are avhilable to describe linear and
non-linear response of the soiid. Coupling can be performed be~-
tween the thermal and mechanical, as well as the fluid and me-
chanical, models. The following repori. presents the documenta-
tion specified in NUREG~0856, Documentation ¢f Computer Codes for
High Level Wasce Management. The documentation is presented in
three volumes. Volume 1 contains the mathematical basis for the
various aspects of the code; Volume 2 is the code User’'s Manual,
and Volume 3 presents FLAC verification, example and benchmark
prob.ems.
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TERMS AND CONDITIONS
FOR LICENSING FLAC

You should carefully read the follow!ng terms
and conditions before using the FLAC program.
Iinsertion of the FLAC disk Into your computer In-
dicates your acceptance of these term:» and con-
ditions. if you do not agree with them, you
should promptly return the package and your
money will be refunded.

This program is provided by Miasca Consulting
Group, Inc. Title to the media on which the program
is recorded and to the documentation in support
thereof is transferred to the customer, but title to the

ram is retained by Itasca. You assume respon-
eibility for the selection of the program to achieve
your intended results and for the installation, use
anu results obtained from the program.

LICENSE

You may use the program on only one machine at
any one time.

You may copy the program for back-up only in sup-
port of such use.

You may not use, copy, modify, or transfer the pro-
gram, or any copy, in whole or pant, except as ex-
pressly prov in this document.

You may not sub-license, rent, or lease this pro-
gram.
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TERM

The license is effective until terminated. You may
terminate it any time by destro nﬂ the nrogram to-
gether with the back-up copy. It will also terminate if
you fall to comply with any term or condition of this
egreement. You agree upon such termination to de-
stroy the program together with the back-up copy,
modifications, and/ or merged portions in any form,

WARRANTY

itasca will correct any errors in the code at no
charge for twelve 12{ months after the purchase
date of the code. Notification of a suspected error
must be made in writing, with a complete listing of
the input and output files and description of the error.
If, in the judgment of ltasca, the code does contain
an error, ltasca will (at its option) correct or n?lm
the copy at no cost to the user or refund the initial
purchase price of the code.

LIMITATION OF LIABILITY

ltasca assumes no liability whatsoever with respect
to any use of FLAC or any portion thereof or with re-
spect to any damages or losses which may result
from such use, lncludln? (without limitation) loss of
time, money or c?oodwll whicn may arise from the
use of FLAC {(including any modifications or updates
that may foliow). In no event shall tasca be respon-
sible for any indirect, special, incidental or conse-
quential damages arising from use of FLAC.
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CODE SUPPORT

ltasca will provide telephone support, at no cost, to
assist the code owner In the installation of the FLAC
code on his or her computer system. Additionally,
general assistance may be provided in aiding the
owner in understanding the capabilities of the vari-
ous features of the code. However, no-cost assis-
tance is not provided for help in applying FLAC to
specific user-defined problems.

Technical support can be purchased on an as-
needed basis for $70.00/hour in minimum one-half
hour increments. For users who envisage the need
for substantial amounts o! assistance, support pro-
?rams offering up to eight (8) hours of support in a
welve (12) month period for $500, or up to tven’v
szo; hours of support in a twelve (12) month period
or $1,000 are available. In all instances, the user in
encouraaed to mail or fax the problem description to
ltasca in order to minimize the amount of time spent
trying to define the problem.
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FLAC
Fast Lagranglan Analysis of Continva
(Version 2.2)
June 1989

1.0 INTRODUCTION

FLAC is an explicit finite difference code which simu-
lates the behavior of structures built of soil, rock, or
other materials which may undergo plastic flow when
their yield limit is reached. Materials are repre-
sented by zones, or elements, which form a grid that
Is adjusted by the user to fit the shape of the cbject
to be modeled. Each element foliows a prescribed
linear or non-linear stress/strain law in response to
the applied forces and boundary restraints. If stres-
ses are high enough to cause the material to yield
and flow, the grid actually deforms and moves with
the material it represents. This calculation scheme
is callod "Lagrangian® and is well suited to modeling
large distortions. The explicit nature of the solution
means that any type of non-linear stress/strain law
may be followed without incurring great overhead
(as compared to a linear law).

Structures such as tunnel liners, rockboits, or sheet
pilings which interact with the surroundin? rock or
soll may also be modeled. It is possible, therefore,
to examine the stabilizing effects of supported exca-
vations or to examine the effects of soll or rock in-
stability on surface structures.
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FLAC Version 2.2 also contains an interface model.
In addition to the continuum behavior of the individ-
ual zones, slip surfaces or "slide lines" may be used
to represent discrete faults or jointc within a body
upon which the zones may slip or separate.

Version 2.2 of FLAC also offers the ability to model

roundwater flow and consolidation. These inierac-
to::. lr;my be combined with any of the mechanical
m ‘

FLAC is also available with modules for thermal and
creep calculations, at an additional cost.

The manual is organized in the following fashion. A
simple tutorial is given first, in Section 2, to illustrate
operation of the code. Section 3 of the manual pro-
vides the theoretical background for the code. In
Section 4, a detailed discussion of the input com-
mands is given. This section provides the primary
source for information on control of the FLAC pro-
ram. Section 5 describes the use of FLAC in prob-
em solving. Here, the details of setting up and ex-
ecuting engineering problems are discussed. Sec-
tion 6 describes the details of using the suppon-
structure interaction logic. In Section 7, example
problems which test the various aspécts of the code
are given, along with comparison to analytical solu-
tions where applicable. Finally, Section 8 discusses
common errors encountered in the use of FLAC.

The mathematical details of the constitutive models
a9 given in Appendix A. The use of FLAC for solv-
ing consolidation and groundwater flow problems is
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described in Appendix F. Graphics .r dot matrix
printers and the H-P Laserjet are discussed in Ap-
pendix G. For FLAC versions with thermal and
creep modules, Appendices H and | describe their
use.

FLAC Specifications and Installation

FLAC Version 2.2 is available for the following com-
puter systems:

(1)  IBM PC- or AT-compatible with

(a) 8087 or 80287 coprocessor a d
640K RAM,;

(b) 80386-based computer with
80287, 80387 or Vieitek copro-
cessor and at least 2 Mb of
RAM (Machines with less RAM
can run the standard PC or AC
version.);

(¢) Definicon Systems Incorporated
(DSI) 68020-based tamily of co-
processor boards;
(2) one (1) floppy disk drive;

(3) one (1) 10 Mb or larger hard disk;
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(4) 1BM-compatible Color Graphics Adap-
tor (CGA), Enhanced Graphics Adcgto.'
ssolAt). or Video Graphics Array (VGA)

onitor;

(5) DOS Version 2.1 or higher; and

(6) Hewlett-Packard or compatible 2- or 6-
m plotter, PostSript laser printer, H-P
erjet, or dot matrix printer for hard

copy of graphics (optional).

With the PC/AT-compatible version, about 2000
zones can be modeled. With a 2 Mb 80386 version,
4300 zones can be used, and the 4 Mb 80386 ver-
sion can model 15,000 zones.

FLAC Version 2.2 requires approximately 580 Kb to
load into RAM. If you have other resident programs,
ou may have to off-load these programs to run
LAC. Alternatively, a smaller versior of FLAC can
be provided on request.

FLAC is delivered on one floppy disk which must be
restored to the hard disk on your system. The
PKXARC program supplied on your FLAC disk is
used to reassemble the executable file on your hard
disk. Copy all the files from the floppy disk onto your
hard disk. The following command is then issued:

C> pkxarc flac.arc flac.exe

The computer will now create a "de-compressed”
FLAC.EXE file from the FLAC.ARC file.



Several other files are contained on the floppy disk.
These are: (1) FLAC.CGA; (2? FLAC.EGA; and (3)

several data files. The files FLAC.CGA and
FLAC.EGA have FLAC commands which will set
your system to the CGA or EGA graphics mode.

As will be discussed later, on start-up, FLAC will {ook
for a file called FLAC.INI in the directory in which
FLAC is written. This file contains a series of FLAC
commands which set attributes of the system or pro-
gram which are normally performed every time the
code is used. For example, a user who has an EGA
system will need to issue the command SET EGA
upon FLAC start-up to set the attributes of the EGA
card. This command may be placed in the FLAC.INI
file so that the user need not be bothered with tyg!ng
it in ovorAy time the code is started up. he
FLAC.CGA and FLAC.EGA files have the necessary
commands to initialize the graphics adaptors. If you
have a CGA system (i.e., the standard, low-resolu-
'F‘m c“l,:?l' monitor), rename the file FLAC.CGA to

C> rename finc.cga flac.inl

If you have an EGA system, rename FLAC.EGA to
FLAC.INI:

C> rename flac.ega flac.inl

You may add any commands to these files that you
wish using any text editor.
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FLAC can send plots to a Hewlett-Packard (or com-
patible) pen plotter, a PostScript-language laser
grlntcr. or to a dot matrix printer with graphics

OM. FLAC sends .rn plotter commands to a user-
selected port. Most pen plotters are connected to
serial port COM1. Therefore, the pen plotter ouL!fut
must be directed to COM1 prior to loading FLAC.
The serial port must also be Initialized to send plois
at the desired baud rate. The default is to send plots
to COM1 at 9600 baud.

If your plotter is connected to COM2, or if you desire
to %‘.no. the baud rate, simply use the C com-
ma

sot output = COM2

and/or
setbaud = b

where b = 1200, 2400, 4800 or 9600, to change the
default settings. The most convenient way to set
these settings is to have the SET OUTPUT and SET
BAUD commands in the file FLAC.INI. Remember,
the baud rate dip switch settings on your plotter must
be set to coincide with the serial pot initialization.
Check your plotter manual for instructions on these
settinps. FLAC assumes U.S. paper size; the plotter
should be set accordingly. It is also possible to send
outpn;n to the parallel port by using the FLAC com-
ma

set output = LPT1



FLAC
Page 1-7

As an alternative to pen plotter graphics, bit-m
Bm%hlcn may be sent 10 a dot matrix printer. The

OS graphics program must first be loaded. Before
loading FLAC, type

C> graphics

When using FLAC, you may dump a CGA screen
a:uphla image to the dot matrix printer by pressing

e shift and print screen keys at the same time.
High-resolution dot matrix EGA screen dumps can
be made using ccmmercially-available packages.

FLAC can also be used to create a file which can
then be run through the POP program provided with
FLAC to obtain high resolution gnr?hia on many dot
matrix printors and on H-P Laserprinters.

Trouble Shooting Plotter Problems

1. The most commnn error encountered
in using pen plotiers is a failure to set
compatible baud rates for tha serial
port and pen plotter. Make cerain that
the dip switch settings on the pen plot-
ter are sat properly for the desired
baud rate.

2. Make certain that the plotter is con-
nected to the F?ro r serial ?on speci-
fied in the file PLOTTER.BAT.




if ihe non-U.S. r »i20 is chosen on
the gon plotter dip switches, lettering
on the plots may be distorted. Make

cerain that U.S. paper size is selacted.




2.0 INSTANT GRATIFICATION == A SIMPLE TUTORIAL
ON USING FLAC

This section is provided for the user who wishes
te jump in and begin experimenting with FLAC, A
simple, fast-running example problem is chosen
which demonstrates some advanced aspects of the
FLAC code.

2.1 A Zench Gonstructed in s Cohesionless Soil

A simple problem which can be examined intersc-
tively and yet {llustrate some of the power of
the FLAC code s & trench which is axcavated in
& cohesionless soil mase.

Execute FLAC by typing:
C> flse

The computer will load the program and display
an initisl heading followed by the interactive
prompt flae>,

To set wp the initisl finite difference grid,
use the grid command:

flac> grid 5,58

This command will create an initial grid (or
mesh, if you prefer) thst is 5 zones (or ele-
ments) wide by 5 zones high., Now, give the
sones & materisl model and propertius. For this
example, we use

*see reference command list for further detsils.
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the Mohr-Coulomb e.asto-plastic model. Type in
the following commands:

flac> model mohr
flac> prop bulk=le8 shear=.le8 fric=3$
flac> prop dens=1000 coh=lel0

Here, we have specified the Mohr-Coulomb model (as
you will see later, ali of the letters of & com-
mand need not be typed in to be "recognized" by
the computer). Pvery zone in the grid could con-
ceivably have & aifferent material model and pro-
perty. However, by not specifying & range of
gones directly behind the MODEL command, FLAC as-
sumes that all zones arv to be Mohr-Coulomb. The
properties are given next =—including the bulk
modulus (in Pa, note that only b= or simply b fol-
lowed by the value is all that is required; the
full name is given here fer clarity), shear modu-
lus, the angle of internal friction, and the cohe-
sion., You see tiwt & very high cohesion value is
given. This is only an initi«l value which is
used during the development of gravitational
stresses within the body. In effect, we are forc-
ing the body to behave elastically during the ini-
tial development of the gravitational stresses.”

*Alternatively, an elastic model could initially
be used to set up the virgin stresses, followed
by changing the model to Mnahr-Coulomb prior to
any excavation, applied loads, or other simula-
tions.
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This avoids any plastic yield during this initial
phase of the model. The reasons for this will be-
come obvious once you gain experience with the ex-
plicit simulation procedure.

Now that & grid and model properties have been de-
fined, data pertaining to the simulation can be
plotted « vinted. Issue the following command:

flac> print = y

The x- and y- coordinates will appear in tabular
form in the physical positions of the gridpoints.
You will note that the table has { (column) and )
(row) going from 1 to 6 along the top and left-
hand edge of the table. Therefore, each gridpoint
and zone has an i (column) and j (row) associated
with it. In this example, the gridpoint range is
{ from | to 6 and § from | to 6, whereas the zones
rangs from 1 to 5 for 1 and 1 to 5 for §. If you
require greater clarification on this point, see
Fig. 4-1 in Chapter 4. To see a plot of the grid,
give the following command:*

flac> plot grid

You will see a plot of the grid on the screen in
the low resolution color or EGA mode, depending on
your FLAC,INI file. After viewing, press return
to get “ack to the FLAC prompt level. Note that,

*The plotting window will be set automatically un-
less otherwise specified.
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if you do not assign coordinstes to the grid (by
using the GEN or INITIAL command), then the %+ and
yrcoordinates are assigned equul to the number of
the gridpoint minus 1. For example, in the previ-
ous grid plot, the lower left-hand gridpoint is
asrumed to be the origin and is given the coordi-
nate (0,0). The bottom right-hand cornar [grid-
point (6,1)) is given the coordinate (5n,0). The
user is completely free to assign any coordinates
that he or she chooses by using the GEN and INI-
TIAL commands. To keep this example simple, we
leave the grid st Smx5m,

Next, the boundary conditions for the problem are
set. In this problem, we vant to place roller
boundaries on the bottom and sides, apply gravita-
tions! forces to the zones, and allow the in-situ
stresses to develop as they occur in nature. To
fix these boundaries (i.e., no displacement or
velovity in the specified direction), use the fol-
lowing commands:

flac> fix y j=1
flac> fix x i=)
flac> fix x i=b

The commands noted above perform the following
functions.

1. The bottom boundary gridpoints (j=1) are
fixed in the y-direction. When FLAC sees
J=1, it automatically assumes that {
ranges from 1 to 6 (i.e., the full
range). You can perform the same funce
tion by specifying j=1, i=],6.



2. The left-hand boundary gridpoints (i=])
and right-hand boundary gridpoints (i=6)
are fixed in the x-direction., Again,
FLAC assumes the full range of the j-
direction.

Next, we set the gravity by typing in
flac> set gravey. 8l

vhere 9.8) m/sec? is the scceleration due to grav-
ity. Here, gravity is taken as positive downward
and negative upward, (If gravity is set negative,
objects will float!)

If vou wish to see & history of the displacement
of & gridpoint on the model to observe equilibrium
or collapse with time, type

flac> his nstep=$
flac> his ydis (=2 =6

Here, we choose to monitor the y-displacement
every 5 timesteps for & point at the top of the
ground surface.

Now, we are ready to bring the initial mode) to
equilibrium. Because FLAC is an oxp‘tctt dynamic
code, ve siep the model through time , allowing
the kinetic energy of the mesh to damp out (thus
providing the static solution we are after). To

*Calculational time=-not real time.
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allow gravity to develop within the body, we time-
step the simulation to equilibrium. Here, the
SOLVE ¢ is used to sutomatically detect
equilibriam :

flac> solve

FLAC will “think" for a period of time (& few min-
utes). At each step in time, the step number and
maximum out-of-balance force will wppear on the
screen, When completed, FLAC will return with a
message that the solution limit has been reached.
The FLAC prompt will then reappear.

Now, we can see vhat has occurred within the
model. Examine the y-displacement history re-
quested earlier:

flac> plot his )

A scresn plot will be shown in monochrome or EGA
mode vhich indicates that the model came to
equilibrium within roughly 108 timesteps.

*See Chapter 4 for setting the limits on che
SOLVE command.
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Let's examine the gravitational stresses developed
in the body. The window is sutomatically vefined
but, if you wish to enlarge or shrink the plof,
you can reset it. Now, give the plot & title by

typing

flac> title

title> & simple trench excavaiion example: the
initial gravity stresses

Type the following (if you are in monochrome mode,
leave off tha color keywords):

flac> set pal=0

(to set the palette choice), then

flac> plot syy yel bou gre
You will see a plot (Fig. 2-1) of the o, stresses
in yellow-brown and the boundary in .r.ll (all is
green on the monochrome screen). Similarly, the
Oyx Stresses can be plotced by typing

flac> plot sxx yel bou jre

You will note that the gravitational stresses in-
crease linearly with depth. These can be identi-
fied by typing

flac> print sxx syy

*The title and legend appear on hard-copy pen
plots but not on screen plots.
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Fig. 2-1 The Gravitational Stresses Induced in the
Soil After 108 Timesteps




It is wise to save this initial state so that you
can restart it ot any time for performing parame-
ter studies. To save this, type

flac> save trench.sav
A save file will be crested on the Jefault drive.

A FLAC prowpt will then return., Now we can exca*
vate & trench i1 the soil. Type

flac> prop coh=d
With a zero cohesion and vertical, unsupported
trench walle, collapse will certainly olcur, Be-
cause ve want to examine this process accurately,

the large strain Jogic must be set in the code.
This is done by typing

flac> set large
Finally, for plotting purposes, we vwish to see
only the change in displacements from the trench
excavation and not the previous gravitational set-
ting=-s0 we can zero out the x and y components:
flac> init zdis=0 ydia=0
To excavate the trench, enter

flac> model null {=3 §=3.5

"Mhis will not affect the calculations since the
model does not require displacements in the cal-
culation sequence. They are kept only as a con-
venience to the user.
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Because we purposely set the cohesion low enough
to result in failure, we do not want to use the
SOLYE command with & limit for out-of-balance for-
ces (which checks for equilibrium), a&s our simu-
lation will never converge to the equilibrium
state, Instead, we can step through the simula-
tion process one timestep at & time and plot and
print the results of the collapse as it occurs,
This is the real power of the explicit method=—the
model is not required to converge to equilibrium
at each calculation cycle because we never have to
solve a set of linear algebraic equations, as is
the case in the implicit codes with which most en-
gineers are !:ntliar. To do this, we use the

STEP command:

flac> step 100

FLAC will now step through 100 timestepes. When it
is finished, the prompt will reappear. Now, exam*
ine the results thus far by printing and plotting
some variables—e.§.,

flac> pr state
or
flac> plot state

*See Chapter 4, SOLVE command, for more details.

*The SOLVE command can also be used with limits on
the number of timesteps.



The present yield state of each zone will be
printed in tabular form, The number 1.0 means
that the material of this tone is actively yield-
ing. A value of 0.0 means that the zone has al-
ways beer elastic. As you can see, the zongs ad-
jacent to the trench are actively yielding.

Now, try plotting some parameters:
flac> plot grid

You will notice some grid distortion beginning at
the trench, but the resolution of the screen will
be & bit poor for accurate plot reproduction, If
you have a Hewlett-Packerd pen plotter, try send-
ing & plot=—you will see improved resolution.
(See the PLOT command in Chapter 4 for details.)

Next, try some plot overlays to define better the
extent of the failure ares. (If you wish, first
retitle the plot using the TITLE command.)

flac> plot xv & yell dis red mazx=le-2 bo green

You will see & plot of the x-velocity contours (in
yeilow, tero contours removed) overlain by the
displacement contours (in red, scaled to a maximum
vector length of 1x10°% m) and the boundary (in
green). Thie is shown in Fig. 2-2. The velocity

*Note that we have made our boundsries on this
problem small in order to speed operation; thus,
some boundary interference occurs.



Fig. 2-2 A Plot of the Displacement Vectors and
x-Velocity at Timestep 208
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contours are given here to help visualize those
areas of active yield, since this material is
flowing.

The collapse process can be examined as it occurs
by timestepping 100 steps ot & time. Note that
you can stop the FLAC calculation at any time with
any keystroke. FLAC will return contreol to you
after it has completed the current step. We en-
courage you to step ahead in this fashion, creat-
ing plots and experimenting with the MAX, INIT and
COLOR commands st each stage. Try plotting the
stresses, velocities and displacements to produce
meaningful plots. In this example, we will jump
ahead to a convenient spot in the coilapse pro-
cess!

flac> step 400

Again, try
flac> plot grid

You will see a drastically different picture at
this stage as the trench collapses (Fig. 2-3). By
typing

flac> pr state

you will note that the zones are still at the
yield point. Examine the Oyy State and displace-
ments by requesting

flac> plot syy sero disp max0.2 red bou gree

You will note distortion of the stress contours
due to the excavation and an increase in magnitude
(by approximately 20 times) of the displacement
vectors.
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Fig. 2-3 Deformed Mesh After 608 Timesteps




From this point, you may wish to play with the
various features of FLAC in an attempt to stabil-
ize the excavation, Try restarting the previous
file you created by entering

flac> rest trench.sav

Excavate the trench as before but try using the
structural element logic described in Section & to
model Lracing or tie-back anchors.

You will see that FLAC is v'rtually bullet-proof
~an error-trapping function recognizes most com-
monly-occurring arrors.

This ends the initial tutorial. Section 5 con-
tains additional details on problem solving with
FLAC.
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3.0 BACKGROUND =~ THE EXPLICIT FINITE DIFFERENCE
METHOD

3.1 Introduction

FLAC is a general geomechanics numerical model
which uses the explicit finite difference method
to solve the basic equations of motion, The fi-
nite difference method, in general, involves di-
vision of the body to be modeled into a number of
two-dimensional zones (elements) which are inter-
connected at their gridpoints (nodes). At each
gridpoint, the form of the equations of motion are
solved in & timestepping fashion. It is possible,
therefore, to see the behavior of a system as it
evolves with time,

Several authors (among them, Wilkins, 1963) have
shown that the equations resuliing from the finite
difference and finite element methods are identical
for particular examples. The finite difference
method is as flexible in use as is the finite ele-
ment method in that irregular meshes may be used
end varying material models or properties and vari-
ous boundary conditions may be specified. Particu-
lar applications of finite differences to goome-
chanics problems are discussed in Cundall (1976).

3.2 Explicit Formulution/Calculation Cycle

There are, in general, two methods employed by nu-
merical codes in the solution of the equations of
motion for a particular problem., The implicit ap-
proach (used in many numerical methods to solve

static problems) solves for unknown values at all
gridooints at one time. In other words, a svstem
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of equations is set up which relates unknown to
known quantities such as the relationship of nodal
forces to displacements via the global stiffness
matrix in a finite element model. This system of
equations must be stored and solved, resulting in
large computer memory requirements.

The explicit method makes use of the idea that,
for small timesteps, & disturbance at a given
gridpoint is experienced only by its immediate
neighbors. As an example, imagine that the tem-
perature of a gridpoint is raised to some value at
time t=0, PFor a short period of time, only the
neighboring gridpoints "realize" that the tempera-
ture has been increased. As time goes on, the ef-
fect will spread through the grid, resulting in
higher temperatures at surrounding grid points.

The timestep must be chosen carefully to avoid nu-
merical instability in the solution——e.g., the
timestep must be less than the time of propagation
of the phenomenon between two adjacent gridpoints.
In the mechanical version of FLAC, this timestep
is governed by the speed of sound through the
body; in the thermal version of the code, the
thermal diffusivity and convective heat transfer
coefficients govern the thermal timestep. FLAC
sutomatically determines a timestep which ensures
numerical stability,

At present, FLAC is used to solve static problems
by properly damping the dynamic solution. In this
case, "tinestep" refers not to a physical timestep
but a problem timestep, where veloc.ties are mea-
sured in length per timestep. “his solution pre-
cedure resulte in many advantages for modeling of
geological materials on the personal computer.
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Because matrices are never formed, the memory
requiremerts of the ccde are minimal and the com-
putational effort per timestep is small. A very
important aspect of the explicit method for geolo-
gicel materials is the ease with vhich non-linear
constitutive laws are handled. No iterations
(which may cause significant errors in the solu-
tion) are required for the material to follow non-
linear stress-strain laws; the stress change cor-
responding to a giver strain change may simply be
enforced at a given zone &s occurs in reality. In
this manner, non-linear laws are followed in the
correct physical fashion and are not depeandent on
the path sensitivity of iterative methods. Also,
because matrices are not formed, phenomena such as
large displacements can be handled with little ad-
ditional computational effort. On the negative
side, however, explicit codes are, in general,
slower to run than their impiicit counterparts for
static, elastic problems.

What does all this mean for modeling geotechnical
materials? For soils and rocks, the material very
often undergoes failure or yield (i.e., the mater-
ial is non-elastic) and may exhibit large dis-
placements. Thus, a body may experience collapse
in an isolated region (e.g., & soil slope) yet be
stable in the remainder of the body. For such a
problem, an implicit code, in which all gridpoints
are interdependent would become numerically unsta-
ble during matrix inversion. However, the expli-
cit code suffers no time or numerical stability
losses. A more subtle advantage is that the user
can exanine the development of yield or material
collapse as it develops instead of viewing the end
equilibrium state only.



The explicit calculation cycle employed by FLAC is
illustrated in Fig. 3<1. For cach timestep, the
equations of motion are solved for each gridpoint
in the mesh. The forces present at each gridpoint
are not in balance for & non-equilibrium state.
This gives rise to accelerations of the gridpoint
based on the components of the out-of-balance
force and the zone mass lumped at the ridpoint,
The accelerations are integrated to yivld the
gridpoint velocities which aye, in turn, used to
determine the strain change.

The strains are used in the constitutive lav to
determine the corresponding stress increment for
the zone. Once the stress increments have been
determined, the forces which they produce on the
surrounding gridpoints are summed to determine the
resulting out-of-balance force.

This calculation cycle is repeated every timestep.
The user may examine the present state of the
problem at any step in this process. As stated
earlier, the dynamic response of the system is nu-
merically damped within the FLAC code to provide a
static solution., The method of damping employed
in the code is discussed later. The damping re-
sults in the decay of the out-of-balance forces to
zero as the problem approaches static equilibrium
with increasing timestep. The number of timesteps
required for equilibrium depends on many factors,

*The velocities are intezgrated to yield the dis-
placements which are kept as & convenience to the
user.



At each time step:

LAW OF MOTION
For Esch Cridpoint

© determine out-of-balance forces at grid- |
point from zone stresses

* determine gridpoint velocity components |
from out-of-balance forces |

* determine gridpoint displacements by in-
tegrating velocities

|
|
|
|
STRESS-STRAIN LAW |

* determine strain rates from gridpoint
velocities

+ calculate stress increment from stress-
strain lavw

Fig. 3+1 Overview of Code Operations
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including the solution accuracy desired by the
user, the extent of yield in the material, and the
size of the problem.

3.3 Pinite Difference Schems"

3.3.1 Mnmn*nhs.tmmm == Wilkins
(1963) presents a differencing scheme based on the

integral definition of a partial derivative:

oF 1
o= o lin | = Fongds (3-1)
0y as0 "

vhere F = 4 scalar, vector or tensor;
Xy = components of position vector;
A = ares of integration;
ds * incremental arc length; and

ny * components of the unit normal to ds

*The discussion given here follows lecture notes
by P. A. Cundall presented at the University of
Minnesota (1983).




Fig. 32 Integration Path

The surface integral of Eq. '3-!) is continuous,
but an equivalent (although approximate) expres-
sion may be written for integration done over a
finite polygon:

0 R n
— - {0 ik Oxy (3-2)

where N = numbir of sides;
F = average value of F on side n;
bxy = components of vector length of side n;

and

€ix ® permutation tensor in two dimensions,

&
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Fig 3-3 Discretization of Boundary for Numerical
Integration

Expression (3.2) is used to derive all spatial
difference equations in FLAC, It should be noted
that this formulation imposes no restriction on
the shape or number of sides, unlike many finite
difference formulations based on rectangular
grids.

3.3.2 Illl&iﬁﬂl.ﬂl.ﬁﬂ’lﬂn == The equations of mo-
tion are given by the familiar expression

’61 ao‘j
(] [ ot l £ a‘J + 90 " (3’3)




vhere p = density;
uy = velocity;
t = time;
044 ™ stress tensor; and
84 * body force components.

As a simple example, examine the motion of & nass
subjected to a time-varying force, F (Fig. 2-4):

n .
F»@®+4{, u, v

Fig 3-4 Mass Subject to & Time-Varying Force, F

— . E ({.e., F = ma) (3-4)



A central dtlfcronco' scheme may be used to solve
Bq. (3-4) by storing velocities at the half time-
step. The acceleration [left-hand side of Eq. (3-
4)) can be written as

. (e o+ at/2) . (- 8t/2)
el . (3-8)
it ot

Substitution into Eq. (3-4) yields

. (t + at/2) _ . (t - 8/2) | [ F(t)/m ] st (3-6)

which is the velocity of the gridpoint at the half
timestep. Now, the displacement can be cetermined
from the velocity by one additional integration:

ult #0t) o (t) 4 § e (3-7)

The force can be determined during the same time
increment, resulting in the calculation sequence
iilustrated in Fig. 3-5.

o | Taylor's series can be used to show that a
central difference scheme is second-order accur-
ate—i.e., error terms in first order &4t will
vanish. See, for example, Jaeger and Starfield
(1974).
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Figure 3-5 Interlaced Nature of Calculation Cycle
Used in FLAC

3.4 Velocity/Strain Increment Equations

FLAC determines an initial strain increment at
each timestep from the velocities at each grid-
point. The strain increment is used in the chosen
constitutive laws to determine the corresponding
stress increment. In incremental form, the strain
tensor is given by

T I
beyy = = 4 il ot (3-8)
2 oxy  Bxy
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vhers Acij = gtrain increment tensor
i,)j°~ 1,23

ﬁi = { component of the velocity
i=1,2

%y = i component of the coordinate
i=1,2; and

ot = visestep.

After the application of the equation of motion
[Eq. (3-3)], a set of x- and y-velocities exist at
each corner gridpoint of a typical quadrilateral
element. FLAC subdivides this quadrilateral into
two pairs of superimposed constant-strain triangu-
lar zones termed a, b, ¢ and d (¥ig. 3-6):

SE
2 N /ﬂi N 1
8 ,ﬁ// ¢
w Ew E
b d
|
3 s 4 3 s 4

Fig. 3-6 Constant-Strain Triangular Zones in FLAC



Recall [Eq. (3-8)] that the velocity gradients are
required when calculating the strain increment

tensor. Based on Eq. (2-2), the partial deriva-
tives may be replaced by their difference form:

(3-9)

This summation is taken over the edges of the
zone, but velocities are known only at the cor-
ners. If the average velocity components are
taken along each edge, the term inside this summa-
tion is identical to that found by exact integra-
tion from E¢. (3-1), assuming a linear variation
of velocity along *he edge. FLAC determines the
velocity gradients initially for triangles # and b
and then for triangles c and d. For a, the expan-
sion of Eq. (3-9) gives

Thut PN L 5k iRy
W 1 | @ W)
-aTj- - E X - (“1 <+ u‘ ) (Jk xk (3'10)
A1y A SE)
"‘(Ui “'Ui )Cjk Xk !

To illustrate the above expansion for onc compon=
ent of the derivative, examine the xx-strain rate
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(3-11)
Expanding and cancelling terms gives
r 1
(1) (2) (3)
u (lz " X3 )
By gy (2) , (3) (1)
-a-‘—l .3 : + “l (Xz * x2 ) (3"12)
A3, (1) (P
+ Y (12 - X2 ) !

All other velocity gradient components are deter-
mined in the same manner and used to determine the
three components of the strain increment tensor.

The problem of "hourglassing' deformation modes
sometimes experienced in the use of finite differ-
ences is eliminated here because triangulac zones
are used in the calculations rather than quadri-

laterals.
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In order to prevent "lock-up' during plastic flow,
the mixed-discretization scheme of Marti and
Cundall (1982) is used between triangles a and b
and between ¢ and d. The forces provided by the
two sets of triangles are averaged at the grid-
points.

3.5 Stress-Strain Lav

Once the strain tenscr lLias been determined in each
triangular element, the corresponding stress must
be calculated from the chosen constitutive law for
the zone. Prior to entering the corstitutive law,
two corrections to the existing stresses are re-
quired. First, if large strain logic is in use,
the stresses must bo corrected for rotations in-
duced by displacement of the gridpoints. These
are discussed in Sectior 3.6.

Second, if effective stresses are used the pore
pressure must be subtracted from the direct stress
components.

The constitutiva relation between strain and
stress is given in inciemental form:

bogy = f (Acij. Oggs + v +) (3-13)
wvhere °°1j = stress in~rement tensor i,j
= 1,2, and
f( ) = a constitutive equation involving
incremental strains, existing total

stress state, material constants,
etc.
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The details of the constitutive laws and the cal-
culation of stress components from the strains are
given in Appendix A,

Finally, the average stress components for a quad-
rilateral are determined by & weighted average of
the triangular components. FLAC allows for print-
ing of either the triangular or averaged stress
components.

3.6 W

Once the stress tensor within the quadrilateral
tone has been determined, it can be used t> cal-
culate the out-of-balance forces at the jrid-
points. Recalling the equation of motion,

8“1

not. that the right-hand side .ay be replaced by
. (3+2) and divided through by p. The result is

aui 1
[ ] ™ : /7 °ij CJk A‘k + p“i (3'1“)
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or

PR ;
— W e
ot m B

vhere F‘ s 7 %4 €jk Oxy; and m = pA.

All vector quantities are takun to occur at grid-
points and, therefoie, the mass, m, in the above

e ation is taken to be a lumped mass with contri-
bution from the surrounding zones (Fig. 3-7). The
summation term of Eq. (3-14) is taken to occur
over the closed contour illustrated in this fig-
ure.

zone centroid

summation contour

’v,qride1nt

Fig. 3-7 Closed Contour for Summation
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I1f the closed contour is taken over the path shown
in this figure and the lumped mass is assumed to
be equal to the mass enclosed by the path, then

(1) the total area of the grid is exac-
tly covered by all such paths around
gridpoints, and

(2) the lumped mass fulfills certain
conditions—-namely, conservation of
center of gravity.

Although the path of a contour within a zone is
important for the mass lumping, it is unimportant
for the summation term in Eq. (3-14). Because
zone stress is constanl over a zone, the summation
gives the same result for any path, provided that
the endpoints are fixed (at the centers of grid
lines). Hence, the gridpoint force, as
illustrated in Fig. 3-7, becomes

1 9. 2 1
F = :,j €k (xi by x{ )) + 044 €4k (xi s x£ ))
¢ (3) (2). "4 (4) (3)
+ 045 €9k (x = xg ) 034 €4 (xg - xg )
(2-15)

This force, and all the stresses and coordinates,
are known at times t, t 4 At, etc. The gridpoint
velocity at the next half timestep is
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(t)

: F
ﬁgt * 0t/2) X ﬁit at/2) 4 1m a5y (3-16)

It should be noted that if any of the zones in
Fig. 3-7 are missing (e.g., at & boundary or if
the zone is null), the term correspondirg to the
missing zones is simply omitted from Eq. (3-15).

If the large-strain mode of FLAC is selected, the
nev velocity in EBq. (3-16) is used to update the
grid coordinates:

(t + at) (¢) .(t + at/2) (3-17)
| = xy tyy ot

A displacement vector is also updated in a similar
fashion for the convenience of the user, although
displacements are not used by FLAC.

3.7 Stress Rotation Correction Terms

When using the large-strain logic in the code, the
stresses must be corrected for rotation of the
body. The regular transformation equation for
stress is

.0.15 b OGB Ji(l Jja (3'18)
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vhere J 4 = cos 6 sin 6 | for 2-D, and
4 *sin 6 cos 6

04y = stress tensor corrected for large
strain rotations

x'
rotated axes

<

Fig. 3-8 Rotation of Stresses by an Angle 6

old axes

For small angles A6,
SR | I
Jij - ~48 1

since cos 46 = | and sin A6 = 48, Hence,



FLAC
Page 3-21

911 = 011911911 * 921952911 * 912911912
+ 022912912
® 01y + 09180 + 01980 + 099b0°
11 + 923 12 22 ok
6011 = 201260, since 021 * 912+ and

262 = 0 for small 26,

This is a change in stress, referenced to the new
axis av 46 from the cld axis—but we want the new
stress referenced to the old, original, axis.
Hence, the corvection terms for o)) is

4oy, = '201269 (3-20)

Similarly,

011 * 911921921 * 921922921 * 912921922
+ 022922922

® 011632 . 02169 . 01266 + 022

= 097 - 2012086 + 0y;86% (3-21)
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Reversing sign and ignoring the term in 48°%,

6022 = 201260 (3-22)
Also,
912 ® 911911921 * 021912921 * 912011922

+ 922912922

2
- - 01169 - 02169 v 912 + 02260
(3-23)
0a:9 = (05 = 092)08 (3-24)

These correction terms are added to the stresses
when large strain logic is used.

References
Cundall, P. A, "Explicit Finite Difference Meth-

ods in Geomechanics,' Numerical Methods in Engi-
neering (Proceed ngs of the EF Conference on Nu:-
n h

Cundall, P. A. Lecture Notes, University of
Minnesota, 1983,

Jaeger, J. C., and A. M. Starfield. An Introduc-
tion to Applied Mathematics (2nd Ed.). Oxford:

Clarendon Press, 1974,



FLAC
Page 3-23

Marti, J., and P. A, Cundall. "Mixed Discretiza-
tion Procedure for Accurate Solution of Plasticity
Problems," Int. J. Num. Methods in Eng., 6, 129-
139 (1982).

Wilkins, M, '"Calculation of Elastic-Plastic

Flow," Lawrence Radiation Laboratory Report UCRL
7322, 1963.



4.0 INPUT INSTRUCTIONS
4.1 Definitions

A few definitions are reviewed here prior to a de-
tailed discussion of the input commands. Greater de-
tail on terminology and problem set-up are given in
Section 5.0,

Zone an element of the finite differ-
ence mesh, analogous to a finite
element.

Gridpoint a corer node of the finite dif-

ference zone. Each quadrilat-
eral zone is defined by its four
corner gridpoints. Adiacent
zones are connected at their
gridpoints.

Grid an assemblage of finite differ-
ence zones, analogous to a fi-
nite element mesh.

In normal operation, the finite ditference mesh origin
Is in the lower left-hand corner of the grid. The i(x)
and j(y) axes begin at this point (Fig. 4-1). Each
zone and gridpoint thus have an | &olumn) and |
(row) number associated with them.
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Fig. 4-1 Finite Difference Grid Nomenclature
(zones and gridpoints are given i,j co-
ordinates)

Because FLAC is an explicit code, the basic equa-
tions of motion are solved at successive steps in
time. The code is dynamic, which means that each
gridpoim has a velocity component which must be

amped to provide the static solution. This damp-
ing is done automatically in FLAC as the code is
timestepped to equilibrium. The equilibium solution
is obtained when the velocities have reached some
sufficiently small magnitude. The means by which
gqumbrium is determined is discussed in Appendix



Satting Your Own Detault Conditions

It you wish FLAC to assume certain parameters or
modes whenever you start the program, prepare a
file called FLAC.INI. This file may contain any valid
FLAC command(s). FLAC will read the file automati-
cally on start-up and process the commands. For
example, FLAC.INI might contain the following:

set force=5e2, EGA, plot=nost, cutput=fiac.ps
set water density=1000 aspect=1.05

If the file FLAC.INI does not exist, FLAC cimgg/ con-

tinues without error. Note that some commands ir a

FLAC.INI file may resuit in an error message. For

example, if you attempt to give properties to a grid

a‘ﬂ'?r rta defining the grid, the normal error message
arise.
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42  |nput Commands

The input commands to FLAC differ from most com-
puter programs written for numerical modeling; com-
mands are specifically designed for simplicity and
ease of use by the program operator. FLAC may be
operated in "interactive" mode (i.e., commands en-
tered via the koyboard? or “file-driven" mode (i.e.,
data stored on a data file and read in from diskette
or hard disk). In either case, the commands for run-
ning a problem are identical, and the rmicular meth-
od of data input depends on user preference.

All input commands are word-oriented and consist of
a primary command word followed “v keywords and
numerical input, as required. The . *.mands, given
on the following Pagn. are typed literally on the in-
put line. You will note that only the first few letters
are capitalized. The program requires only thece let-
ters to be typed for the command to be "recognized".
Many of the keywords are followed by a series of
numbers which provide the numeric input required
by the keyword. Words that begin with a lower-case
letter stand for numbers. Integers are expectec
when the word begins with i, j, m or n; otherwise, a
real (or decimal) word is expected. The decimal
point can be omitted from a real number but must
not appear in an integer.

These values may be sepurated br any number of
spaces or by any of the following delimiters:

{J.idl®
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You will see additional notations with some of the in-
put parameters These are:

<> denotes optional parameter(s)
(the brackets are not 10 bé
typed);

indicates that an arbitrary num-
ber of such parameters may be
given,

Anything that follows @ "** or "; " in the input line is
taken to be a comment and is ignored. It is useful to
make such comments in the input file if running in
batch (i.e., file-driven) mode since the comments are

reproduced on the output.

NOTE: The input command to FLAC may contain a
full 80 characters. In the examples given in the fol-
lowing section, the page width restricts the length of
the input command. In some cases in the manual it
is necessary to continue the input command on the
next line. In such cases, the continuation line is in-

dented. &hnmmmrﬁuwmmmmm
F ram.

The following sign conventions are used in FLAC
and must be kept in mind when entering input.
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positive for:

motion upwards and to the right
tensile stress

exiensional strain

shear strain as follows:

The slpbn for a force boundary condition is deter-
rained by the direction of the force vector Si.o.. -
when pointing in the positive axis direction). Al-
though we recommend S| units, any consistent set
of engineering units for properties may be used. A
review of systems of units is qivon in Table 4-1. No
conversions are performed in the program except for
friction and dilation ang'es, which are entered in de-
grees.

The following examples illustrate the use of the input
commands. To fix the x-direction displacement (or
velocity) for all gridpoints in the range of i=i to 10
and Aﬂ. the following commands produce the same
resu

fix x 1=1,10 j=1,1

fix x J=11=110

f x 1=1,10 }=1

or

or

If either the | range or the | range is omitted, the
whole range of the grid is assumed.
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Another example illustrates the use of optional pa-

rameters in an input line. To create a plot of the dis-

glmmom vectors scaled 10 @ maximum length of
001, the following command is given:

plot disp/max=.001

When the program “recognizes” the word “displace-
ment", it looks for additional descriptive or "switch"
words. In this case, the word "max" sets the maxi-
mum value of the displacement vectors for plotting.
Note, also, that, in several cases, many keywords
can be given on the same input line.

For example,
plot disp/max=.001 sxx/Int=10E6/red

will produce a plot of displacement vectors as above,
superimposed with the oy, stress contours with
contour intervals of 10°, drawn in red. Note that the
/ and = in the above examples are used as delimi-
ters strictly for the convenience of the user and may
be eliminated if desired.
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Apply
XF value «<long> <VARsxv, fwl1,12 Juf
d:?n» o ‘11 '& 22>

YF
PRESSURE
SXX

8y

Sy

«from 1
<short>

The APPLY command is used to apply
forces, pressures or stresses 1o any
bourdary ~f the model grid. Thermal
anu groundwater boundary conditions
are also applied with this command.
(See the appropriate supplementary
appendices.) The user must specify
the quantity t to be applied (i.e.,
XFORCE, ORCE, PRESSURE,
SXX, SYY, SXY), the numerical values
to be applied, and the gridpoint range
over which the variable is to be ap-
plied. Olptlonall , the user may define
a variable distribution or a boundary
path over which the quantity is to be
applied. Some simple rules, listed be-
low, must be followed.
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The rance over which the variable is
applied is defined by the term i=i1,i2

j=j1,j2, where i1,j1 is the starting grid-

point and i2,)2 i3 the ending gridpoint of
the range of boundary points over
which the variable is to be applied.
Optionally, the range may be given as
"from i1,j1 to I21‘2“. In either case, both
points must be located on a boundary.

Note that the code no longer requires
that gridpoints be “rdered in a given
fashion to produce tensile or compres-
sive pressures on houndaries.



Pressure is given as a ve value
for pressure acting solid
material. Pressure is given as a nega-
%' value for pressure actinq‘

m the solid material. Note that sﬁls
is @ change from pre-2.10 versiuns of
FLAC, which required that gridpoints
be numbared in a specific order to app-
ly compressive or tensile pressures.

@ sign convention for applied

to boundaries is the same as
ey were applied lntomally—-(.o..

gﬁﬁgqm stresses are and
stresses are anlﬁgg hear
siresses may be positive or negative

as determined for the particular stress
state. The sign convention for forces is
determined from the direction in which
the force acts—e.g., a y-force acting in
the +y direction is positive; a y-force
acting in the -y direction is negative.



3. Use of a Boundary Path

As described in Rule 1, above, varia-
bles may be applied over specified
ranges of gridpoints by using the i=i1,i2
j=j1,j2 range descriptors. This is a
simple cperation if the boundaries are
horizontal or vertical, as most often oc-
curs on the outer boundaries of the
grid. It is quite difficult to apply vari-
ables in this way if the boundary is
curved or irregular, such as may be
found with a borehole or excavation.
For this reason, the code is provided
with logic for tracing a boundary path
between two specified gridpoints.
Three options for Jefining the bound-
ary path alondg two boundaré arid oints
are provided: LONG, ORT or
BOTH. These options are used in
combination with the "from i1,j1 to
i2,j2" range descriptor which defines
the boundary gridpoints on the path,
LONG specifies the longest path be-
tween these two points, SHORT speci-
fies the shortest path, and BOTH adds
the long and short paths. The default
path is the SHORTest distance be-
iween the two points. NOTE that, if
i1,j1 and i2,j2 are the same, the entire
closed boundary will be taken. Exam-
ples of the use of this command are
given on the following pages.
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In many cases, a linearly variable pres-
sure distribution is required along a
boundar{. This arises, for example,
when Inducing far-field stresses
through plication of boundary
stresses. The VARiation XV,YV modi-
fier is used for this purpose. The
original value specified by the APPLY
command is forced to vary linearly
from its original value, VALUE, to
VALUE + XVAR or VALUE + YVAR
from the bottom to top of the ij range
specified. Note that the range IL.P
i2,j2 refers to gridpoints. An example
sril help to illustrate the use of this op-
tion.

"This is a chan?o form pre-2.10 ver-
sions. In eariier versions, i1,j]1 and
i2,j2 referred to zones, and the varia-
tions were taken between zone
centroids.
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4, lyi radients of Pr r
continue

The command
apply press=20 var 0,-20 I=1 j=1,11

will cause the horizontal compressive
pressure along line i=1 to vary from 20
at gridpoint (1,1) to 0 at gndpoint
ln ,11). Further examples are given be-
ow.

If you want gradients for a closed
boundary path, then the starting grid-
point should be different from the
ending gridpoint of the range so that
the length of the span over which XV
and YV are applied is not zero
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Around Exierior Boundaries

In this example, compressive pres-
sures are applied along the vertical
and horizontal boundaries of the gr.d
80 that horizontal pressure = 20 and
vertical pressure = 10.

grid 10,10
me

A Ios venrtical baogn'd% G
ress= =1,}=1,

'.r?g v':nioal boundary

app!gopromzo I=11,)=1,11

*top boundary

apply press=10 I=1,11,}=11

*bottom boundary

apply press=10 I=1,11,j=1

*plot and print results

plot apply

print apply
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XAMPLE 2: Pressure
srior Boundanes, With |

This example is the same as Example
1 but, here, the horizontal pressure is
varied from 0 at the top of the grid 1o
the full value at the bottom.

grid 10,10
me

* left vertical bounda

apply press=20 var 0,20 I=1 |=1,11
* right vertical boundary

apply press=20 var 0,-20 I=11 J=1,11
*top bounda

apply press=10 I=1,11,j=11

*bottom boundary

apply press=10 I=1,11,}=1

plot appl

print apply
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EXAMPLE 4 Ar.y inemal Presaure

Tmonmmumduhowmum
may be applied to the surface of a tun-
nel using the boundary path logic.

orid 10,10

oon :I'r‘: 553

ﬂnd'onngg?lm which lie on boundary

Pr:.o"u that boundary gridpoints are

‘marked

ohoou polnu on boundsry between

lppiypm- 00 mmoma
ly pmdo long from 0.5 10 4,

note 'm tho m

’polm forces. ovon

*constant pmouro distribution, 1orou
‘at oﬂdpolms may vary due 10 zone
*face length.
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ATtach

Aside <long> from i1,]1 10 122/Bside <long> from 3,3 10 14 j4

The ':1“1:0% oomr::nc ﬂdim tr;o.
user attach pairs of gndpoin
10 one ancther aleng two specified
boundaries. This command is usetul
for creation of grids which have a linear
racial expansion of element size. Ex-
amples are given below.

The pairs of gridpoints to be attached
must be given in order. Referring to
the above command nomenciature,
(i1J1) w'gl.bo'lw 10 (ts.g) and ‘to
on in order of appearance. Gridpoints
may be attached which are not touch-
ing, but a warmning message will result.
The shortest boundary path between
two points is taken (for closed bound-
aries) by default, but the longer path
may be selected by n?:dtylng the
LONG keyword. There is no limit to
the number of gridpoints that can be
Ehgi.ai of pidsants cann b o
single pair o ns can at-
ed. f thg ranges ‘!r‘om 11,J1 to
i2,j2) of two or more ATTACH com-
mands overlap, then groups of multiple
attached ¢ ints can be created. |f
the FIX and FREE commands are ap-
plied to a gridpoint, they are also ap-
plied automatically to all attached grid-
ints. The PRINT ATTACH and
OT ATTACH commands can be
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used to verify which points are at-
tached 10 one another.

A trivial example of the ATTACH com-
mand Is to dmplu:ut two halves of a
grid together and bond them:

3

halves of the gric are now at-
tached and will act as a continuum.

It Is often desirabie, particula”’y in under-
ground excavation ?robloms to create
orids which are finely discretized in the
center of the grid but which grade out 10
*infinite* boundaries In a radial expan-
sion at some constant ratio. The exca-
vations may then be formed In the cen-
tral, finely &oommd area where stress
8radlorm are high. The ATTACH and

EN commands allow the user to create

this » of gnd forming two grids:
one %p'nmgom?go oomrm. ﬁmh? dis-
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-cretized area, and one 10 represent
the outer, n which

rades the mesh 10 infinite boundaries.
xamine the following example prob-
m:

le

‘o use of GEN and ATTACH to develop
’ about
it
for @ 10x10 central, discretized grid with
o St o, s o

ge3
i
i

5
11
fitd
]
b3

skce
%3

§ _
2
i
%

x 100, bottom first
100,0 rat 1.0,0.83 k=111 11,9

60,60 100,100 ra* 1.0,0.89 k=11,21 Js1,9
0,100 rat 1.0,0.89 1=21,31 j1,9
A00,0 rat 1.0,0.83 1s31,41 Jui 9

|

B
E

H e
;..
iz
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%nmuwnumus
MlM!.ihullM“.imu

* we now have a square with a
* middie of dimensions 20 x 20; fill it in with the second
] , changing dimensions; rdpoints must

& 60,40 1=42,52 JsI M1
':'m'“ »m'“&on"uo’ﬂcu
* this in two ufuhmn Muduatom
attach a froni 1,9 10 11,9 /b from
Mw"a‘twl 10 41,9 /b (long) u.uom
print sttach

A word of caution nordng the
ATTACH command and wmnrl
grids. When you print values ©
variables (e ns ydis, etc.), ho
elements a onlpolm may no longer

r in the same metrical posi-
tion as tho¥ are In o screen plots.
This is due 1o the fact that the grid has
been distoited and no longer conforms
to the standard i-j plot representation.
Therefore, when obtaining numerical
values for stresses, displacements,
eic., you must make cerain that tho
location of the zone or gridpoint is
known ahead of time.
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A remote | file, flename, can be
run with the CALL command. ser-

batch
mode. The command RETURN must
return input to the local or Interactive
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option

This command allows the user 10 .‘Ro
cify if certain options are desired.

command alters the use of memory in
FLAC. The CONFIG command only
reserves space for the desired options;
they need not subsequently be used,
but the amount of memory available for
other things will be less. ' CONFIG is

used, it must be given Rggm the grid
is specified. ’n?o options ‘pod‘od

through this command are:
(1) groundwater;
(2) thermal*

(3) axisymmetry;
(4) plane stress; and
(5) z-diraction,

The default is to assume that none of
these options is to be used (i.e., &
mo-ﬂnln mechanical problem s

ed).

+The thermal configuration can only be
used with versions of the program
with the thermal option.
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Conng — 2

The last of these is used 10 indicate
that the out-of-plane stress component
must be calculated during mechanical
cyveling. This option be specified
for the creep models, may aiso be
specilied for others. In the Mohr-
Coulomb model, the out-of-plane com-
ponent may affect the plastic yield. If
the out-of-plane component is speci-
fled, S2ZZ may be INITIALized,
PRINTed, PLOTted, or used in a HIS
TORY. For axisymmetry, the 2-
direction is enabled automatically.

Only one CONFIG command is al-
lowed, although more than one option
may be requested with it (e.g.,
CONFIG AX THER specifies both axi-
symmetry and thermal options). If you
always will require certain options, it is
best 1o put the CONFIG command in
the "FLAC.INI" file, so that FLAC is
automatically configured corredtly.

The keywords for this command are,
GW, TH, AX|, P STR, and ZD.

See the supplementary nules provided
with the manual for information on the
solution of axisymmetric problems.
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