FLAC(version 2.00)

Fast Lagrangian Analysis of Continua
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1.0
FALC explicit finite difference code

Lagrangian

overload

1.1 FLAC FLAC Specification and Installation
FLAC 2.00
IBM PC CPU
640Kb RAM(Random Access Memory )
360Kb  2Mb
10M
IBM
8007 8029
DOS3.1
Hewlett-Pockerd 2 6

2000
FLAC 360K
FLAC ARC

C> ARC x flac.arc flac.exe
Flac.arc de-compressed

Flac.exe



Flac.CGA: Flac.EGA;

Flac.CGA  Flac.EGA Flac
CGA EGA
Flac Flac Flac.INI
EGA Flac SET.EGA
EGA Flac.CGA Flac.EGA Flac.CGA Flac.INI
C>REName flac.cga flac.ini( )
EGA Flac.CGA flac.INI
C>Rename flac.EGA flac.INI
FLAC Hewlett-packard ROM
Flac
COM Flac COM
band COoMI
COM2 baud
F output=Com 2 baud=b
b=1200,2400,4800 9600
Flac.in.set output  set baud
FLAC
S L
DOS FLAC
C>graphics
FLAC
EGA

1.2



2. plotter. BAT
3.
2.0 — FLAC
FLAC
FLAC
2.1
FLAC
C>flac
flac
GRID
flac grid5,5
5 5

flac>model mohr
flac>prop bulk=1e8 Shear=.3e8 fric=35
flac>prop dens=1000 coh=1e10

Mohr-conlomb

Model flac
Mohr-Coulomb bulk Modulus
b= b

shear modulus cohesion

flac>

pa



flac>plot x y

X,y
1 6 i J
i=1~6,j=1~6 I=1~5,j=1~5
4 4 1
flac>plot grid
Flac.INI
flac
GEN INITIAL X,y
00
5m 0 GEN INITIAL
Sm>5m
flac>fix y j=1
flac >fix x 1=1
flac>fix x 1=6
ly flac =1 I 1
j=1,1=1,6
2 I=1 1=6 X

gravity

flac>set grav=9.81

9.81m/sec?2

EGA

FLAC

j



flac>his hstep=5
flac>his ydis 1=2 j=6

flac

------ SLOVE

flac>Solve
flac
Flac

flac

flac>plot his 1
EGA 108

flac>title

title>a simple trench excavation example:the initial gravity stresses

flac>Set pal=0

flac>plot Syy yei bou gre
yellow-brown

O-YY O-)’Y

flac>plot Sxx yel bou gre



flac>print Sxx Syy

flac>Save trench.sav

flac>prop coh=0

flac>Set large

flac>INIT Xdis=0 Ydis=0

flac>model null 1=3 j=3,5

Solve

step
flac>Step 100

3.0
3.1

Flac

Xy

flac



Flac

Wilkins X 1963
Cundall(1976)
Solve
Legend
Solve
Slolve
3.2
t=0
flac

Flac



Flac

Flac

3-1




3-1
3.3
3.3.1

(3-1)

(Finite Difference Scheme)

Wilkins 1963

oF .11

ds

oF 1dn o

— =—Z Fe, AX,

ox;, A

n

permutationtensor)

(3-1)

(2-2)

\
)

N

3-3



(3-2) Flac

3.3.2 —
HES -
Alac] ™ ax, 7 (3-3)
P Oy —
u— g— F- T -
t— o
u,u,u
( 34
3-4
a_F F =ma)
ot m
(3-4)
(3-4) (34
)
an u(t+A%)—u(t—A%)
ot At (3-5)
(3-4)
u'(t + A%): u(t - A%)+[F(%}At (3-6)
u(t+<1t) _ u(t) +u(t+At) o At (3_7)

Ut + At) = u(t)+uft + A%)At



3-5

3.4 (Velocity Strain Zncrement Equations)

Flac

i Ou.
(3-8) Ag..=£|:%+ ‘}At

12 ox, ox
Al - i, j=12
U, —i i, j=12
X —i i, j=12
At —
3-3
Xy Flac

a b c d 3-6
3-8 3-2

A = lzuigikAXk
ox; A

3-9

3-1 Flac a b c d
a 3-9

. (N) w) (sE)

_65“ :_ZlA{(ui(”+ui(2>)gjkAxk+(u§2>—u§3> WA+ (09 +u ), A xk}
X .
J



3.5

3-11

3.6

3-12



Flac
3.6

p{%} 9%, g 313
or | ox ‘

3-2 P

p{_} = _zo'ijgjkAXk + pg;
ot A
3-14

ou, F,

_ 1 - +4Q.
or m 9i

F; :ZaijgjkAXk m = pA

3-7 3-14

3-14

ui(t+A%)= ui(t—A%)+%‘IAt+gi 3-16



3-15
FLAC

X'(t+At)

NUIRLSZIN

FLAC

AB coséd ~1,sind ~ A6,

Oy =0 dydyy 0 d5 + 03,3513, + 001535,
=0y, +0,A0+0,A0+0,AO°

Aoy, =20,A0( oy=0, AO AO* =0

AG —

3-17

3-16

3-19



Ao-ll = —20'12A6 3-20

Oy =03dpdy +0ydpdy +0,3,d +0,3,d,

=0, A0 — 0, A0 —6,A0 + 0,

=0,, —20,A0 + 5, AG?

3-21
AG?
AGZZ = —20'12A9 3_22
Oy, =03ddy +0, 35,0y +0,315d 5 + 035y
=—0,A0 —0,AO* +0,, +0,,A0 3-23

Aoy, = (011 —O0p )AH 3-24






[,j,m

4.0
4.1

Zone

(Input Instructions)

(Definitions)

5.0

Gridpoint —

Grid

4.2

FLAC

FLAC

(Input Commands)
Flac
FLAC

(file-driven)~

10



FLAC

£ELC) DD cc 33

Sl
4-1

4-1
m m m cm ft in
Kg/m3 103kg/m3 106kg/m3 106kg/m3 Slugs/ft3 Snails/in3
N KN MN Mdynes Lbf Lbf
Pa Kpa Mpa Bar Lba/ft2 psi
m/sec2 m/sec2 m/sec2 cm/sec2 Ft/ sec2 In/ sec2

I=1~10 j=1~10
X

fixx 1=1,10 j=1,1

fix x j=1 1=1,10

fix x 1=1,10 j=1




0.001
plot disp/max=0.001

> =“displacement” “

max

plot disp/max=0.001 Sxx/int=10E6/red

10 /I =

Apply keyword=value <keyword=value...>
<range>
keywords
Pressure—
XForce—x

YForce—y

Xforce  Yforce

i:illiz’j: jl’j2

Call  filename
Call
ReTurn

Call



CUtoff
Mohr-Coulomb Mohr-Coulomb
(Ubiquitous joint models to sion cut-off)

Fix x <Mark> <range>
Y
XY

<range> X Y <range>

i =i, J= 1, i
Fix  INI XV,YV
MARK <range>

FRee x <Mark> <range>
Y
XY

FIX

GEn  x1,yl1 x2,y2 x3,y3 x4,y4 <Ratio_ri_rj> <range> <same> <same>

GEN
x1,y1l X2,y2
x3,y3 x4,y4 SAME
RATIO
o
o ] between succesive zone sizes
1.1 1.1 (succesive zone)

GEn Circle xc yc rad

Arc xc yc xb yb theta

Line x1,y1 x2,y2

GEn GEn



bedded deposits or are bodies

ARC— Xc,Yc
Xb,Yb theta’
CIRCLE— rad Xc,Yc
LINE— X1,Y1 X2,Y2
“ 77 MARK
INITIAL MODKL PROPERTY
REGION
mod null reg=i,] Iy
5.2.1
GEN
MARKED GEN
MARKED UMARKED
GEn ADJust
smoother
MARKED ADJUST
5.2.1
Grid  icol_jrow
flac 640K
Mohr-coulomb 2000
His  <Nstep=h> <keyword... i=il j=j1>
IL 1 NSTEP Keyword
25 1000
NSTEP

10

UNMARK

GEN



Flac Stop

Save

disk file HIS WRITE N
I keywords

Ang_ i! J X

XDis— )X

YDis— oy
Unbal—

Xvel— I ] X

Yvel— I Y

XXA— 1] a xx
XYA— 1] a  xy
yva— L] a yy
XXB— ] b xx

XYB— 1] b xy



YyB— ] b yy
XXC— oy cC XX
XYC— oy c Xy
yyc— I coyy
XXD— ) d xx
XYD— 1] d xy
YYD— J d vy
His keyword
HISTORY
nhis
keyword
Dump_nhis— nhis
page length
Write_nhis— nhis
Flac.HIS Flac
Flac.His
Reset—

Initial keyword_value <...> <range>

keyword
PP—

nhis=1~

Screen

ctrl_numlock

HIS Write

flac.His



SXY—xy
XDisp—x
YDisp—y
XVel—x
YVel—y
INITIAL
Mark— MARK

Region 1 _— MARK
Iy MARK
Var xv,yv—

Wy ")

<range>

i=ili2 j=j1 j2

flac>ini_sxx=-30e6_(Var=0, 10e6)
XX— -30MPa

i
INITIAL

flac

3-6

GENME~~

keyword
XV X
I, j
i
gradient
-20MPa y
20%
flac ““BAD



INTerface—n_keyword_<il,j1> <i2,j2>
n_keyword=value
INTerface The pr-release interface model is
actirated ““Interface”” flac
““interface”” spings
fault or joint ——

** soft cushion

keyword
Aside i1,j1_<i2,j2_i3,j3_...>
Bside il,j1 <i2,j2_i3,j3_...>
Cohesion Value
Friction Value
Glued Value
KN Value
KS Value
TBond Value
Unglued

Aside  Bside (i, )

Solid material ce >

Solid grid

GEN INITIAL



KN

KS TBOND Pa Psi
° pa/m,psi/in
“ ”” glued
Flac GLUE
UNGLUE INTERFACE
D
MArk <range>
range

INITIAL PROP MODEL
GEN

<range> i=il,i2  y=yly2 i vy
Model keyword <REGION=i,j> <range>

<range>

(i, ) Flac 52.1

keyword
ANisotropic—
Elastic—
Mohr-Coulomb—Mohr-Coulomb
Null—
SS—
Ubiquitous—

<range> i=iLi2 j= L j2i j

REGION=1 ] MARKED

NEW Flac

PLot keyword_<switch_<=v>...> <keyword...>



keyword

MODEL

BEam—
Boundary—
Cable—
Disp—

E P—
Grid—

His nhis—

Pen—

PP—
RE—
STAte—
STress—
SXX—XX
SYY—yy
SXY—xy
Velocity—
WAter—
XDisp—x
YDisp—y
XVel—x
YVel—y

““Switch””

Hewlett Packard

WINDOW
keyword
Cable bolt
nhis

Helett_Packard 7470A

(as arrows)

*

keyword

keyword

T475A

keyword

keyword



Switch

Color—

Yellow-Brown

Palette O(

Polettel

keyword

CGA

Switch

Cyan,Magenta

keyword

Black
keyword

GREen
Red
Yellow
MAGenta
Brown
White
LGreen
LRed
LBlue
LMagenta
GRAY
IWhite

Cyan

Red
Yellow
MAGenta
Brown
White
LGreen
LRed
LBlue

Green,Red
White



LMagenta

GRAy
IWhite
Black
Interval=c— C PLOT SCLIN
SCLIN
Max=v— %
Noh—
Zero— 0
PLOT WINDOW

The window will then remain set

and will be remembered on restart.

Plot pen keyword
Switch keyword.pen Hewlett-packard 7470A *

keyword e Flac
Set Output  Set Baud

Print keyword_<keyword> _<Region=i,j> <range>

limits
Extension Variables <range> i ]
IiLi2, j=jLj2 i j
<range>
REG=ON="] MARK
L1 MARKED
keyword

Apply—
Fix— X Yy



Limits— SOLVE
MArk—

MEm—

Slrct—

Interface—

Bulk—
COhension—
Den—
Dilation—
E_P—
Friction—
SHear—
X—X_
Y—y_

PP—

JFric— joint
JCoh—
JAngle—
NUY x—y-x
NUZx—z-x
SIG1—
SIG2—
SXX—XX-
SYY—y-y
SXY—xy-
Theta— Xx_

XDisp—x-

limits

(Main Grid)keyword

(Joint Angle)




* Hewlett-Packard
YDisp—y-
Xmod—x- (Modulus)

Ymod—y-
XVel—x-
YVel—y-
ASXX—XX- a *
BSXX—xx- b
CSXX—xx- c
DSXX—xx- d
ASYY—yy- a
BSYY—yy- b
CSYY—yy- c
DSYY—yy- d
ASXY—Xxy- a
BSXY—xy- b
CSXY—xy- c
DSXY—xy- d
State—
0—
1— at yield
2— elastic but previously at yield
3— has surpassed tension cut-off
4—
5—
6— ubiqutous joints currently at
yield
T— ubiquitous

joints have yielded in the past but are currently in the elastic state



lables—
Xreaction—x
Yreaction—y

PROp keyword=value_< >_<range>

Stored Tables

MODEL PROPERTY
keyword
Region "] —— MARKED
L] MARKED
Var xv yv —— <range>
variation XV X yv oy
0] i, j
<range>
iLi2, j=jLj2 i j <range> i
keyword
* Flac a,b,c,d.
keyword Description Model
Angle X
BUIk
Mohr-Conlomb
/
ubiqutous
joints
Cohesion Mohr-Conlomb

CTab,DTab,FTab
Density

/
/



Dllation

Friction
JAngle
X
JCohesion
JFriction
Shear-mod
Xmod
Ymod
NUYx
NUZx
1)
)
©)
Mohr-Coulomb (1)
)
©)
(4)
()
(6)
(1)
(2)x-

)y-

Mohr-Conlomb
/



4)
(5)NUYX
(6)NUYz

ExEy
Gy =
Ex(1+2v, ) +Ey

X-2 A

(1)
)
()
(4) ( intact material)
(5) ( intact material)
(6) « )
(7) « )
(8) « )
()
(1)
()
(©)
(4) ( )
(5) ( )
© ( )
(7ftable( @ )
(8)ctable(
(9)dtable(



COHESION,DILATION FRICTION
Keyword
REstore filename
filename
RETurn
Call
SAve filename

filename

SClin  n_x1,yl x2,y2

“e scan line *? SCLIN
A~Z

n— 1 2 3 4 5
x1,yl—
X2,y2—

flac>Sclin _1 0,1 0,10
0 1 0,10
SEt  <keyword>

keyword
Aspect_a—— a=xyx vy

graphics beard a 05 15
Back _background_color

0---- 1— 2— 3— 4— 5— 6—



7—

BAud b— b 1200 2400 4800 9600bpm
COM1 COM2

CGA CSC— 320><199 pixel resolution

Col_n—n column flac

EGA— 640><350
Force f— SOLVE
Gravity_g<th>— g <th> <th> y

Large—
Log_ ON— flac.log
flac,log log

Log_OFF— Logging function flac.log

log on

Mono—

Output =p— p p
COM1,COM2,LPT1 port

Pal 0—0 CGA

Pal 1—1 CGA

EGA PLOT =1

P_Stress—

Small—

STep n— SOLVE

Time t— SOLVE

SOLve <keyword=value >



keyword

Step—
Time—
Force—
keyword
S=500 T=5 F=100
F system of limits
old limits when set or on
restart New
1440 24
SOLVE
Flac
STEp_n
n Flac
STop_n
Flac the session ends

STRuct keyword

STRCUT structural elements
STRUCT flac
keyword
keyword
Beam--- keyword

Beam  keyword
Cable--- keyword
Cable  keyword

main grid linkages



X,y
4-2
keyword
Begin keyword
End keyword
BEGIN END keyword
/
Grid_i,j Lj
Node_n Flac 1~
n
X,y BEGIN X,y
X,y Flac
keyword
n
Keyword
Prop_n n struct prop n
keyword Element Segments
keyword
Seg k k 0,0 10,0
k 10 1.0 10
keyword
Cable bolt t keyword

Tension t



STRuct

STRuct Node n keyword
keyword
FIX <x> <y> <R> n X /
FRee _<x>_<y> <R>---  FIX
Pin--- n ,
Load _fx,fy,m--- X /'y
X y-- n o xy
STRuct Prop n keyword Value
n 4-3
keyword
E Value
| Value
Area=Value
Kbond=Value bond stiffness of grout
SBond=Value /
Yield=Value
Table n x1,y1 <x2,y2> <x3,y3>...
X Yy flac
WATER
PROP 20 n
X,y
X TABLE
X
y

TABLES

4-4

1~20

flac

X,y

PRINT



Title——

Unmak <range>—— <range>

WAter <Density=Value > <Table=n>

SET GRAVITY

Water
Sxx  Syy
Plot WAter
Flac

flac

Water Table=0

Window _ <xlo _xhi _ylo _yhi>

<AUTO>

ylo~yhi

Window

MARK

Density

Auto

4.3 (Setting your own default conditions)

xlo~xhi

X,y



Flac.INI Flac Flac

Flac.INI
Set force=5e2,CGA back 1 pal O
Water density 1000
flac.INI flac flac simply coutinues
without error flac.INI
Reference

Lekhnitskii,S.G. Theory of Elasticity of an Anisotropic Body.Moscow:
Mir  Pubishers,1981.



50 FLAC Problem Solving with flac

5.1 Introduction

Flac

Flac

X,y

X,y

Flac

77 time

marching



5-1

“ ”” S stepped

Flac
““Save”’
Save
5-1
“e null >~
flac 5-2
Prandtl wedge

kirsch
5.2 FLAC running flac
FLAC

de-compressit
c>flac

flac

5-1




FLAC(Version 2.00)

| C Copyright Peter Cundall 1987

Itasca Consulting Group.Inc. 1987
“Strike return to continue T
flac.INI Return
flac
flac>
Return Flac
DOS
.DAT CALL
flac> Call file.dat
file Data.file FLAC
521 Mesh generation and material properties
definition
flac> grid icol jrow
flac>gen 2
flac> initial x or y <range>
GRID icol jrow i- X-
jr y- 4l
GEN GEN



”” grading

GEN
1—
GEN
flac> grid 10 10
flac>me
10 <10 11 ><11
flac> prxy
X,y 0.0~10.0 —— flac
x 0.0 500.0 y 0.0
1000.0 GEN

flac> gen_0.0,0.0 0.0 1000.0 500.0 1000.0 5000 0.0 i=1,11 j 1,11
i=1,11,j=1,11

i=5 11 :j 5,11

2——
GEN

flac> new
flac> grid 20,20
flac>me
flac> gen 0,50,20 20,20551 1,11
flac> gen same same 20,0 5,0 1=11,21
flac> plot grid



GEN GEN
GEN € 77 wrap
GEN e
GEN INI

GEN to grade a mesh

to represent for boundary

is left tighty discretized
X,y the boundaries are graded outward in x and

y,direction

flac> new

flac> grid 20,20

flac>me

flac>

flac> plot grid

GEN X,y 1.25 1000

01

Flac> new
Flac>grid 10 10
Flac>me
Flac>gen-100 0-100 1000 1000 Orat.80 1.25
Flac> plot grid
X,y



GEN

Flac> grid 20,20
Flac>me

Flac> gen circle 10,10 5
Flac> plot grid

x 10 vy
10 5.0 _—
900
Flac> gen adjust
Flac> plot grid
GEN ADJUST warp to
increasingly greater levels
Circle Arc  Line flac
Gen Circle
Flac> pr mark
flac ““M7*

REGIN X

Flac> mod null region 10,10

Flac> plot grid

Flac> m e region 10,10



Model  Prop

5
Initial
Initial
Flac> grid 5,5
Flac> model elastic
Flac>gen 0,0 0,10 10,10 10,0 X,y 0 10
Flac> Ini x 121 1) 6 2
Flac> Ini x 121 6 2
Initial
““BAD.GEOMETRY”
flac
1:10
3.0 Model  Property
522 Apply the Boundary Conditions
/
5-1

Command Effect
Initial

SXx SXX

Syy Syy

Sxy Sxy

Xdis X

Ydis y

5-1



Xvel
Yvel

Fix

Free

Apply
Pressure
Xforce

Yfoce

Flac> grid 10,10
Flac> model elastic
Flac> gen circle 5,5 2
Flac> plot grid

Flac> gen adjust
Flac> plot grid

Flac> props .3e8b 1e8d
Flac>setgrav  9.81
Flac> fixx1 1
Flac> fixx 1 11
Flac>fixyj 1

Flac> *

1600

Fix

GEN



Flac> pr mark

Flac> mod null region 5 5
flac> plot grid

Flac> set 300

Flac> plot str bou

5.2.3 / Applying loading/changing condition

flac

flac> grid 10,10
flac>me elastic rock mass

flac>prop s=5.7eq b=11.1eq d=2000

flac>fix x y i=1

flac>fix x y y=1



flac> fix x y =11
flac>fix x y y=11

flac>int sxx= 30e6 syy= 20e6(

flac>his nstep=1
flac>hia xdis =5 y=5(
flac>salve

flac> new excavate

flac>mad null i=3.4 y=3.6( 1)

flac>plot grid

flac>step  zoo( )

flac>plo his 1( )

flac>plot gird str (

flac>mod mohr =34 vy

)

<Stope wall>

=3.6( sangfill )

flac>mod null =34 y=7( 2)

flac>ini  xd=0 yd=0(
flac>step  zoo(
flac>plo his 1
flac>plot grid  str(
flac>plot coh(

flac

sandfill

history plot ,

X

5.24

Printing and

plot

ploting

X

of data



print

flac> print  keyword

keyword
flac abc d
Flac>print  asxx,....etc.
flac
print sta
0
1
2
3 cut-off
4 cut-off
5 cut-off
6 ubiquitous joints
7
SET LOG ON SET LOG OFF
flac
flac>set  log=on
FLAC.LOG flac

flac>set  log=off
flac

DOS COPY  PRINT



Hewlett-Packard
GRID

evident from

Displacement

Boundary

SXX,Syy  SXY

Xdisp
XVEL
STRESS
PP
HISTORY
STATE
BEAM
CABLE

CGA EGA

CGA

PC

GRID

since,often,failure

the defarmed plots
Velocipy

XX, Xyy Xy

YDISP X X
YVEL X y

HIS

cable bolt
SET 2.00
graphics card hercules

CGA

SET MONO

flac (a separate

Hercuies Graphics board

modes

time history

IBM
SET
EGA

SET EGA

version of flac)

become

SET



2. —— SET back=iback iback

0~7 0= blake 1= (blue) 2= (dreen) 3= (cyan)
4= (red) 5= (magenta) 6= (yellow-brown) 7=
(white)

Set back=4 CGA EGA

board back=0
set back =0 flac.ini
3. SET-PAL palette
(ipal=0 1) ipal=0 CEA
ipal=1 CGA
EGA 14 PLOT
PLOT keyword

0
flac> set pol=0 back=0 CGA

flac>wind  xlow,xhigh ,ylow ,yhigh

WINDOW

SET ASPECT
keyword PLOT

flac>plot  Sxx disp  boun
Sxx
enhancements to the plot

““sub-keywords~~



max==value

Intenval==value

remave headings

flac>plot  Sxx  Int=le4 Cyan disp  max=0.001

mag-boun
Sxx 1 1E04
0.001
SCLN
Hewlett-Packard
PLOT  keywords
PEN
flac>plot pen Sxx disp boun
graphics dot matrix printer
flac DOS GRAPHICS
print screen
“ ”” corrected
commercial package CGA EGA
5.3 special  considerations
flac (feature of note)
531 large strain

flac



flac>set large

flac

flac>set small

5.3.2 plane stress

flac

flac>set p-stress

5.3.3 gravity

flac>set grav 9.8 0

9.8 0
+== ==
534 Aspect
PC
grid 2,2
/ flac
ratio
flac>set asp=a
5.35 logging
““logging on”” ““logging off”” flac

flac>set log =on

aspect



flac>set log =off

log on
flac.log
flac flac.log
flac
5.4 Error handling
flac
C
55 / (Saving/Restoring)
flac
flac>Save  Z:file.Sav
““file”” “<z7”
flac>rest Z:File.Save
““file~”
5.6 Suggestions and  Advice
flac

flac a

log off



FIX

save

flac flac

flac

Might alse do back-of-the-envelope estimates of expected order of magnitude
stress or displacements and compare them to flac out put

violent shock

FLAC “e 77




tan(

F¢=tan

14 flac

(command level)

15 (history  plots)
6 0 FLAC Structural
FLAC
/
excavation
footing
Rackbolt

point-anchor

invoke

Cavlebolt

Cmmand Structure

(called)

save file

Modeling in Flac

Support struts

Shotcrete

fully-grouted

Tie-back anchor

Structural

in an

lagic

open-cut



Grid i, ]
{Beam} Mode n
STRuct LCable Begin Xo Yo end
<Seg=n Prop=k tens=t>
XY
keywordTENSION
STRuct Prop=k keywords......
keyword:
Aera
E
|
Kbond
Shond
Yield
STRuct Node=n  keyword
XY
keyword
Fix <x> <y> <2> n X 'y
FRee <x> <y> <2> FIX
Load fx fy m
Pin
Xy n x
6.2

Structural Geometry and Its Linkage to

the Support

Defining

Medium

the



/ keyword
keyword

assemblage of beams

retaining structures

1 anchorage
2
3 rackbolt
Begging  End begging
End 1 grid=i j (2)node=n (3) Xb,Yb  Xe,Ye
grid=i
node=n
X,y
STRuct  Prop=n
one structual cross-section n=1 W6%25

Sl

flac>strac  prop=1 E=200e9 1=2.3e5 A=4.8e-3

4-1

struct node=n keyword

X,y



keyword

Fix Xy,r X,y /
Free Xx,y,r
Pin
Load fx,fym X,y
X,y

node=n FLAC

PRINT STRUCT

6.3 Exmaple Applications
FLAC 2.0

flac>gird 5,5

flac>m  mohr

flac>prop s$=0.3e8 b=1e8 d=1600 fric=20 coh=0
flac> fix y j=1

flac> fix x i=1

flac> fix x =6

flac>set large

flac>hist nstep=1

flac>hist xdis =3 |=6

flac>set grav=9.81

flac>solve

flac>*excavate trench and install braces
flac>model null =3 j=3,5

flac>*properties for w6x25 beam in Sl units

flac>struc prop=1 E=200e9 1=2.3e-5 area=4.8e-3



flac>struc beam beg gr=3,6 end gr=4,6 s=3 pr=1
flac>struc beam beg ¢gr=3,4 end gr=4,4 s=3 pr=1
flac>step 50

flac>plot gird beam

flac>plot rf bound

flac>plot bound dis beam

6-1 2-2  2-3

flac>*a Simple cross-braced stracture on a sail
flac>grid 10,10 *the sail mass

flac>m e

flac>prop s=0.3e8 b=1e8 d=1600

flac>fix x i=1

flac>fix x =11

flac>fix y j=1

flac>srt grav=9.81

flac>salve

flac>*let sail equilibrate under gravity
flac>*build  structure

flac>*concrete  slab

flac>strac prop=1 E=17.58e9 1=0.0104 a=0.5
flac>strac prop=2 E=200e9 1=2.3e-5 a=4.8e-3
flac>struc beam beg gr 511 end gr 7,11 s=2 pr=2
flac>struc beam beg node=1 end 4,13s=2 pr=2

flac>struc beam beg 4,13 end 6,13 s=2 pr=2



flac>struc beam beg 6,13 end 4,10 s=2 pr=2
flac>struc node =8 5.0,11.5

flac>struc beam beg node=8 end node=1s=1 pr=2
flac>struc beam beg node=1 end node=4s=1 pr=2
flac>struc beam beg node=1 end node=6s=1 pr=2
flac>struc beam beg node=1 end node=2s=1 pr=2

flac>struc beam node=1 fix r

flac>struc beam node=2 fix r 4
flac>struc beam node=4 load0-1le6 0—— node=3
flac>struc beam node=6 load0-1e6 O 2( )

flac>plot beam *check strcture
flac>pr struc *check linkage
flac>step 100

flac>pr struc

flac>plot beam boun ydis _‘
flac>plot rf beam boun

6-2

PRINT STUCT

flac>grid 15,15

flac>m mahr (mohr-coulomb model)

flaczgen 0,0 0,30 30,30 30,0

flac>gen 14,14 14,60 60,60 60,14 ratl.2 1.2 i=8,16 j=8,16
flac>gen 14,-30 14,14 60,14 60,-30 ratl.2 0.833 i=8,16 j=1,8



flac>gen -30,30 -30,14 14,14 14,-30 rat0.833 0.833 =18 j=1,8
flac>gen -30,14 -30,60 14,60 14,14 rat0.833 1.2 i=1,8 j=8,16
flac>gen circle 14,14 4

flac> gen adjust

flac>*rock properties

flac>prop s=5.75e9 Db=6.6e9 d=2000 coh=1e7 fr=35
flac>*boundary conditions

flac>fix x y i=1

flac>fix x y =16

flac>fix x y j=1

flac>fix x y =16

flac>ini  sxx=-60e6 syy=-30e6( )

flac>solve

flac>mod null region=8.8

flac>pr mark

flac>struc beam beg gr 7 9 end gr 8 9
flac> struc beam beg gr 8 9 end gr 9 9
flac> struc beam beg gr 9 9 end gr 9 8
flac> struc beam beg gr 9 7 end gr 9 7
flac> struc beam beg gr 8 7 end gr 7 7
flac> struc beam beg gr 7 7 end gr 7 8
flac> struc beam beg gr 7 8 end gr 7 9
flac> plot gird beam
flac> step 100
flac>plo bou disp red beam
flac>pr struc
flac>pr state -

PRINT STRUCT 6-1

6-4



rfix

no

no

no

no

structural

ID

6-1

X

node data....

Y

PRINT STRUCT

X-disp

Y-disp

1.000E+01 1.400E+01 1.955E-02 9.416E-05

ang-dis

xfix  yfix

-7.235E-05 no no no

7 1117E+01 1.117E+01 1.279E-02 3.815E-03  -1.863E-03
6 1400E+01 1.00E+01  3.403E-04 5.737E-03  -1.306E-04
1.654E+01 1.091E+01 -1.188E-02 3.793E-03 2.095E-03 no
1.800E+01 1.400E+01 -2.128E-02 2.984E-0.4 2.018E-05 no
1.683E+01 1.683E+01 -1.334E-02 -2.645E-03 -2.178E-03 no
1.400E+01 1.800E+01 5.852E-04 -6.271E-03  1.286E-04
1 1.091E+01 1.654E+01 1.434E-02 -3.678E-03 1 .809E-03
ID X-load Y-load moment i J pin ang
8 0.000E-01 0.000E-01 0.000E-01 7 8 no
7 0.000E-01 0.000E-01 0.000E-01 7 7 no
6 0.000E-01 0.000E-01 0.000E-01 8 7 no
5 0.000E-01 0.000E-01 0.000E-01 9 7 no
4  0.000E-01 0.000E-01 0.000E-01 9 8 no
3 0.000E-01 0.000E-01 0.000E-01 9 9 no
2 0.000E-01 0.000E-01 0.000E-01 8 9 no
1 0.000E-01 0.000E-01 0.000E-01 7 9 no
Structural element data...
ID node-1 node-2  prop F-shear  F-axial mom-1 mom-2
8 1 1 beam -3.087E+03 4.079E+06 -6.855E+03 -1.457E+03

7

6

8 1 beam 3.002E+03

7 1 beam -9.753E+01

4.073E+06 2.336E+03

8.277E+06

2.037E+03

6.855E+03

-2.336E+03

no

no

no

no

no

no

no

no

no

no

no

no

no

no



5 6 1 beam 6.595E+02 9.351E+06 4.351E+03 -2.037E+03

4 5 1 beam -3.912E+03 4.343E+06 -9.037E+03 -6.351E+03

3 4 1 beam 4.091E+03 4.520E+06 3.437E+03  9.037E+03

2 3 1 beam -3.761E+02 9.382E+06 2.336E+03 -3.487E+03

1 2 1 beam -2568E+02 8.185E+06 1.457E+03 -2.336E+03

Structural properties...

Prop NO. E | Area

1

1.380E+10 2.800E-04 1.500E-01

lightly

cohcrete beam

7.0

flac>*a simple reinforced bean
flac> gird 10,2

flac>m e

flac>prop s=9e9 b=10e9 d=2400
flac>set large p-stress
flac>*boundary conditions
flac>fix y j=1 i=1

flac>fix y j=1 i=11

flac>apply yforce -1le7 j=3 =6

reinforced

flac>struc cable beg -1 -1 end 99 -1 s=12 prop=1

flac>struc  prop=1 yi=1le6 kb=1e9 sh=1e7 e=200e9 a=2e-4

flac>his ydisp i=6 j=3
flac>salve f=1e5 1000 t=15
flac>save  beam.sav
flac>ret

12mm

Example Problems



7.1 1

cohesive sail

gq=(2+1T)Cc=5.14C
q

1000kg/m°

0.3><108pa

set  log=on
tit
prandtl’s wedge

gr 10,10

FLAC
FLAC
a friction

Raugh footing an

SLon Randolph ““Prandtl’s Wedge””

C
FLAC 10>=<10
Xy
y

y

mahr-coulomb
1.0><105pa
0 1.0><188pa



*mohr-coulomb  model

m m

prop s=0.3e8 b=1e8 fri=0 coh=1e5

*Extend grid boundaries a bit

gen 00 015 20,15 200 rat 1.2 08 ( n 0.8><1.2)

*apply the boudary conditions

fix x i=1
fix x y j=1
fix x y i=11

*rigid footing moving at constant velocity
fix x y =14 j=11

int yv=-1le-3 =14 j=11

* displacement history  under footing

his nste=1

his ydis i=6 j=11

*solve with new limits

solve f=2e2 t=40 s=1000

set log =off

save h:foot.sav

fix x vy (i=1,j=11)

y 110" m/ solve
40 1000
y
1000
flac>print  state
State ( 1— 0 2— )
i1 2 3 4 5 6 7 8 9 10

10 1.000 2.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000



1%

2

2.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

1.000

1.000

1.000

1.000

1.000

1.000

2.000

0.000

1.000

1.000

1.000

1.000

0.000

0.000

0.000

0.000

1.000

1.000

0.000

0.000

0.000

0.000

0.000

0.000

2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.000 0.000 0.000

1

flac>set

CGA(

flac>plot xv z

V4

110 "m/sec

2 0
Set EGA) flac>set
int=1e-4 yel dis red bo
int=1e-4
POLT PEN

y

flac>print  yreaction

flac>plot

rf

q:5.17><105pa

pal=0

POLT

5.14><105pa



Solve

Foot.DAT
flac>Call foot.DAT

flac
flac>Set log=on
flac.log
save foot.sav
Resto ( flac>Rest
foot.sav)
7.2 2: Slope Stability for a Cohesive and
frictional Soil
angle of repose
flac
/
tit

*Granular Slape under gravitational load



sr 20,10

*Mohr-Coulomb  Model

m m

*Warp grid toform a slope—first use line command to form slope face
gen line 53 9,10

*Mark area ofslopeinfrontof face so that theregians are formed
mark i=1,6 j=4

*null  rigion in front of slope

mad null reg=1,10

*sail properties—note large cohesion to force initial elastic
*behavior for determining inmtial state. This will prevent
*Slope failure when initializing the gravity stresses

prop $=0.3e8 b=1e8 d=1500 fri=20 coh=1el0

*displacement history of slope

his nste=1

his ydis =10 j=10

*displacement boundary cindition X

fix x i=1
fix x i=21
fix x y j=1

*apply  gravity

Set grav=9.81

*sovle for initial gravity stresses
Slove

*reset displacement companmets to zero
ini  xdis=0 ydis=0

*Save initial state

Save hilll.sav

*set cohesion to O

Prop coh=0



*Use large strain logic
Set large

Step zoo

Save hill2.sav

Step zoo

Save hill3.sav

Return

20><10

Mohr-Coulomb

density 1500kg/m3 shear modulus 3><108pa
bulk  modulus 1><108pa friction angle 20°

cohesion 110" pa

consolidating the material

Mohr-Coulomb



QEN

flac> gen line 53 9,10

xy =(53) (x,y)=(9,10)
GEN INI
slope toe
““region””
GEN
LINE
MAKE FLAC MAKE
the entry
flac>mark i=1,6 j=4
=4 =16
Pr MAKE
flac>mad null region=1,10
1 10
9.81m/sec2( )
Solve 100N
y HIS Solve
plot his 1

flac>print Sxx Syy
flac>plot Sxx  yellow bound*

flac>plot Syy yellow bound*



smart

**

Hill1l.sav
flac>Save hilll.sav
quit flac
flac>restore hilll.sav
RAM
comulative displacements =1

flac>ini  xdis=0 ydis=0

PROP

Region

Angle of Repose Solve
*kx Step

200
flac>Step 200
flac>print xv yv yd state

flac>plot xv z vyellow displ yed bound



75475 1275

Plot

**

*k*x

Slove

7-5
flac>plot  pen  gird(
z00

flac>step zoo

7-6 475

flac>plot pen xv z red disp max=0.4 gre boun gre

X
7-7 800

of repose

FLAC

flac>new

flac>rest hilll.sav

angle



flac>ini  xdis=0  ydis=0
flac>prop  coh=7e4  regin =10,1
flac>set  large

flac>step zoo

7.3

flac

fairly difficult

set log on

tit

beam with end shear

gr 30,6
*
*5:1 beam
*

m e

set p-stress col=132
prop d=1000

*clamp end of beam

fix x y i=1

*apple end shear

apple yforce=-0.142857e5

step 3500

set log off

save colan.sav

i=31 j=1.7

Elastic Catilever Beam with End Sheer

be not best suited

this problem presents a

with 6 zones across width

balck=1e8 shear=0.5e8

*(load of 1e5 units)



return

30<6 132
X,y 20><10°N y-
7 -0.142857><10°N
3500 7-8 y-
0.41m 0.39 5%
74 4
Cirular Tunnel In an Elastic, Elasto-Plastic, and

Transversely-Isotropic Rock Mass  Under  Initial Stresses

GEN GEN

in-situ  field stresses

74.1 Elastic Rack Mass

CALL
tit
Hole in elastic medium
* generate the grid
gr 20,20
* elastic model
m e
*give initial grid  coordinates and grade mesh to
boundaries
gen 00 06 66 60 rat 12 1.2

*generate a quarter circle in lower left hand cornerof grid



*using the arc function

gen arc 0,0 1,0 90

* elastic  properties

prop s$=2.9e9 b=3.9e9 dens=2500
*initial  stresses

ini  Sxx=-30e6 Syy=-30e6

*boundary conditions for a quarter symmetry problem

fix x i=1
fix y j=1
fix x y j=21
fix x y j=21

*monitor history of displacements of tunnel periphery

his nste=1
his ydis i=1 j=12
his xdis =12 j=1
*solve for initial stress state
solve
*now excavate hole
mod null region=1,1
*time step to equilibrium
step 500
*create a save file
save ehole.sav
*return to interactive mode
return
20><20 400
1 periphery

y- 5 boundaries

1/5

about

5

rad



away 0.2 GEN
X- y- 0~6 7 GEN
print x print y
GEN ARC
flac>wind -0.5,2 -0.5,2
7 i=1,j=1,21 j=1,i=1,21
i=21,j=1,21( )j=21,i=1,21
initial  Sxx=<value>
Syy=<value> (in-situ  stresses)
FLAC
flac>step 1
flac.>solve
prin  SxX print  Syy *
save.file
model null
7-9
flac>plot pen gird *plots full gird
flac>wind -0.5,2 -0.5,2( )
flac> plot pen gird( )
20>=<20 8087
4.7TMHz chip PC 30 /



CGA SET EGA
kirsch
7-11
30><30
5%
7.4.2 Elasto-plastic Rock Mass

flac>mohr
flac>prop s=2.8e9 b=3.9e9 d=2500 fric=30
solve
null  region inital xd=0 yd=0
500~600 — PC
AT 6-12MHz

7-12

BRAY 1967

2p-q, +[1+tgz(45+§)ccot¢

[1+tgz(45+g)]ccot¢ ¢
rbr =a 2

,_19(45+¢/2) |
tg(45—¢/2)

PLOT
SET

mode

20~3

7-1



qU

o, =ccotg[(r/a)’ 1] o, =ccotg[o(r/a)’ -1] 22

o, =p+(BIr?) o, =p—(BIr?) 73

= [tg*(45+¢/2)-Tlp+q, | -
tg?(45+¢/2) +1 o

7-1 1.85m flac
flac>print  state

flac>polt state
1.6
30><30 7%
7-13 7-14 7-15

flac>set cga pal=0( )
flac>wind -0.5,2 -0.5,2
flac>plot pen str bou
flac>plot pen disp max=0.3 red bou green
flac>sclin 1 0,0 55
flac>plot pen Sxy z boun green
PEN
743

EISSA



i=1 X- =1 y- 1/4
Apply
flac>apply press=1.0e6 i=1,21 =21
flac>apply press=0.5e6 i=21 j=21,1

APP- Init Sxx=--0.5e6 Syy=-1e6
1~-3 print Sxx Syy

flac>model anis( )
flac>prop s$=0.1103e6 xm=0.976e6 ym=0.953e6
flac>prop nuy=0.167 nuz=0.165 dens=2000

step  solve
1000 IBMPC
30
7-17  7-18
flac>wind -0.5,2 -0.5,2( )
flac>set cga pal=0( 0 )
flac>plot pen str boun green( )
flac>plot pen max=4 red bo gre( )
PEN
Two-pen ploter
pen color 1# 2H#
7-19 X

1%



8.0 FLAC Important

acaautions note when running FLAC

FLAC
8.1 Initializing Variables
8.2 Changing Material Models
FLAC
FLAC
problem
8.3 Running Problems with

stresses and gravity

INITIAL
flac>ini  Sxx=-30e6  (Var=0,10e6)
i=1,j=1 -30e6

points  or

larger-Sized

in-situ  field

i=n,j=n



-20e6  xx- I FLAC

X- X-variance
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