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Explicit

Implicit

Timestep must be smaller than a critical value for

stability.

Timestep can be arbitrarily large, with uncondition-

ally stable schemes.

Small amount of computational effort per timestep.

Large amount of computational effort per timestep.

No significant numerical damping introduced for

dynamic solution.

Numerical damping dependent on timestep present

with unconditionally stable schemes.

No iterations necessary to follow nonlinear

constitutive law.,

[terative procedure necessary to follow nonlinear

constitutive law.

Provided that the timestep criterion is always
satisfied, nonlinear laws are always followed in a

valid physical way.

Always necessary to demonstrate that the above-
mentioned procedure is: (a) stable: and (b) follows
the physically correct path (for path-sensitive
problems).

Matrices are never formed. Memory require-
ments are always at a minimum. No bandwidth

l[imitations.

Stiffness matrices must be stored. Ways must be
found to overcome associated problems such as

bandwidth. Memory requirements tend to be large.

Since matrices are never formed, large displace-
ments and strains are accommodated without

additional computing effort.

Additional computing effort needed to follow large

displacements and strains.
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Equilibrium Equation
(Equation of Motion)

new new
velocities and stresses
displacements or forces

Stress / Strain Relation
(Constitutive Equation)

Basic explicit calculation cycle



aol py ol slo Shg

AS o Joe |, Saslas g vy a5 Interface sls oLl @
i )5 pogdle (5 97t () g amio Ll giludas @
Siladow sl glojle slo L]l @

Sealiys LT o

sy ) bl g oS T e

oy sl e

ESWHI

G 5 ol asile) g5lgs by

olgzds 5 )L3, sl Jaw 5l @




~— waler table

www.NoavaranGermi.ir

hydraulic
pressure

I

attached gridpoints

“model
'
/ boundary

/

. — - -
horizontal
boundary
siress
— -
—— il
structural cable —
— i
=1 internal -
boundary - ——7one
{excavation) =
e structural beam N -
{-H_,gndpmm
— i
fixed
bottom

boundary



www.NoavaranGermi.ir

JOBTITLE - .
FLAC (Version 6.00) 1.7 27 3,7 4,7 5.7 87 7.7 |esm
LEGEND
1,6 26 3.8 4.6 BB f,6 76 [=szm
20-Jun-08 1403
step 0
-1 000E+DD <x< T.ODOE+DD
-1 .000E+DD <y« T.ODOE+DD 1,56 25 35 4.5 55 .5 75 |azm
Grid plo
IIIIII 111 II 111 IIIIIII
i 2E O 1.4 24 3.4 4.4 E4 g4 74 [azm
Zona Mumbers
13 23 3.3 4.3 E3 6.3 73 [Lzsm
1.2 22 3.2 4.2 E2 g2 7.2 [ 1zm
1.4 21 34 4.1 EA f.1 71 [oszm
| -0500
kasca Consuliing Growp, Inc.
Minneapolis, Minnesota USA T r T T T T T T T T T T T T T
0500 [0 1500 2500 4500 L.500 £ B0 BE00

(a) zone numbers
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JOBTITLE ;.

FLAC {Version 6.00)

LEGEND

20-Jun-08 14:04

stap ]

-1.00EHDD <x T.D00E+DD
1. DIEHDD <y« T.D00E+ID

Gnd plot
[ FTEE NN NN EE N |

0 2ED

Gridpoirt Murmibers

hzsca Consuling Growp, Inc.
Minneapolis, Minnesota USA

| E500
1.7 2,7 3,7 4,7 5,7 6,7 T

| EE00
1.6 2,6 3,6 4,5 5,6 6,6 75

| 4500
1.5 2.5 3,5 4,5 5,5 6,5 75

| 5500
1.4 2.4 34 4.4 54 6.4 7d

| 250
1.3 2.3 3.3 4.3 53 6.3 i3

| 1500
1,2 2,2 3,2 42 52 6,2 iz

| oz
1.1 21 34 4,1 5,1 6,1 7.1

| 0500

' "ET "R ™

EDIIII

2500

(b) gridpoint numbers




Results unsatistfactory

Model makes sense

More tests
necded

Acceptable result
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1. A finite difference grid
2. Constitutive behavior and material properties

3. Boundary and initial conditions
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S8, Jow (s

Model keyword i=id,i2 j=j1,j2

Mechanical Models
elastic : isotropic elastic model e
mohr-coul : Mohr-Coloumb plasticity model

cam-clay : Modified Cam-clay plasticity e
model

drucker: Drucker-Prager plasticity model -
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g:) L (‘)..“ 5
keyword value .... 1=11,12 |=)1,)2

Elastic Mechanical Models :
|sotropic Elastic

K - . _ _9KG

der = “31-2» € £=3x3c
c - L . 3K-2G
2(1+v) 10 v = 23K + G)

shear modulus, G .V
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For the Mohr-Coulomb plasticity model, the required properties are:
(1) density:;
(2) bulk modulus;
(3) shear modulus;
(4) friction angle;
(5) cohesion;
(6) dilation angle; and

(7) tensile strength.
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Table 2.2 Boundary condition command summary

Command Effect

APPLY  pressure  mechanical pressure (not pore pressure) applied at boundary
SXX xx-component of total stress tensor applied at boundary
sXy xy-component of total stress tensor applied at boundary
syy yy-component of total stress tensor applied at boundary
xforce x-component of force applied at boundary gridpoints
yforce y-component of force applied at boundary gridpoints
xvel x-velocity applied at boundary gridpoints
yvel y-velocity applied at boundary gridpoints

FIX pp pore pressure fixed at boundary gridpoints
X x-velocity fixed at boundary gridpoints

y y-velocity fixed at boundary gridpoints
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Table 2.3 Initial condition command summary

Command Effect

INITIAL  pp initialize pore pressure for a zone*
sat  initialize saturation at a gridpoint
sxx  1nitialize xx-component of total stress for a zone
sXy  initialize x y-component of total stress for a zone
syy  initialize yy-component of total stress for a zone
szz  1mtialize zz-component of total stress for a zone
xvel initialize x-velocity at a gridpoint
yvel initialize y-velocity at a gridpoint
xdis initialize x-displacement at a gridpoint
ydis initialize y-displacement at a gridpoint
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grid 10 10
model el
fix X 1=1
fixy]=1

app press=10 j=11
Inl sxx=-10 syy=-10
save emaplel.sav
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JOB TITLE : example 1

FLAC (Version 5.00)

LEGEND

9-Dec-11 15:50

step 0
-1.667E+00 <x< 1.167E+01
-1.667E+00 <y< 1.167E+01

Material model

[ elastic
Grid plot
Lo
0 2E O
Boundary plot
(FETRTRETE FENETRRT
0 2E 0

(*1071)

L 1.000

. 0.800

L 0.600

. 0.400

. 0.200

L 0.000

0.000 0.200 0.400 0.600 0.800 1.000
(*101)
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g99

mo el

fix X 1=1

fixy]=1

app press=10 j=11
Inl sxx=-10 syy=-10
save examplel.sav
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v Jle

g 10 10

gen 0,00,55,55,0
m m

fix x 1=1

fix x 1=11

fixy|=1

app press=10 j=11
Inl sxx=-10 syy=-10
set gravity=9.81
save example3.sav
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g 10 10
gen0,00,55550rat1.11
m m

fix x 1=1

fix x 1=11

fixy|=1

app press=10 j=11

Inl sxx=-10 syy=-10

set gravity=9.81

save example4.sav
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JOB TITLE : example 4

FLAC (Version 5.00)
LEGEND. o
9-Dec-11 20:17
step 0
-8.333E-01 <x< 5.833E+00 | 4.000
-8.333E-01 <y< 5.833E+00
Material model
] mohr-coulomb
Grid plot - 3.000
‘\\\\\\\\\‘\\\\\\\\\‘
0 2E O
L 2.000
L 1.000
L 0.000

I
5.000

I
0.000 1.000 2.000 3.000 4.000
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g 10 10

+.19en 0,00,55,55,0rat 1.1
m m

fix x 1=1

fix x 1=11

fixy|=1

app press=10 j=11

Inl sxx=-10 syy=-10

set gravity=9.81

.savesave example



www.NoavaranGermi.ir

JOB TITLE : example 5

FLAC (Version 5.00)

LEGEND

9-Dec-11 20:27

step 0
-8.333E-01 <x< 5.833E+00
-8.333E-01 <y< 5.833E+00

Material model
. mohr-coulomb
Grid plot

0 2E 0

L. 5.000

L 4.000

L 3.000

. 2.000

. 1.000

. 0.000

0.000 1.000 2.000 3.000 4.000 5.000
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g 10 10

gen 0,00,35,35,0)J=1,6
gen 0,30,55,55,3J=6,11
m m

fix x 1=1

fix x 1=11

fixy|=1

app press=10 j=11

Inl sxx=-10 syy=-10

set gravity=9.81

save example6.sav
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JOB TITLE : example 6

FLAC (Version 5.00)

LEGEND

9-Dec-11 23:18

step 0
-8.333E-01 <x< 5.833E+00

-8.333E-01 <y< 5.833E+00

Material model
. mohr-coulomb

B clastic

Grid plot

0

2E O

L 5.000

L 4.000

L 3.000

L 2.000

L 1.000

L 0.000

0.000 1.000 2.000 3.000 4.000 5.000
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JOB TITLE : example 7

FLAC (Version 5.00)

LEGEND

10-Dec-11 21:20

step 0
-8.333E-01 <x< 5.833E+00

-8.333E-01 <y< 5.833E+00

Material model

. elastic

. mohr-coulomb
Grid plot

0
User-defined Groups

2E O

L 5.000

L 4.000

L 3.000

L 2.000

L 1.000

L 0.000

2.000 3.000 4.000 5.000

0.000 1.000
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grid 52 33

FREAEKEEIEIARIAEITAREAAREALAAIAAIAAIAAIAAIAAAAEALAALAAIAAAAAAITAkEAkAkAhhikidkik
’

gen 0,0 0,300 600,300 600,0 i=1,21 j=1,11
mod m i=1,20 j=1,10

gen 0,300 0,500 150,500 150,300 i=1,11 j=12,22
mm i=1,10 j=12,21

gen 150,300 150,500 450,500 450,300 i=12,42 j=12,32
m m i=12,41 j=12,31

gen 450,300 450,500 600,500 600,300 i=43,53 j=12,22
m m i=43,52 j=12,21

rREAKEAIIRIAIAIAREAAALAAIAARIAAIAAAAREAARALAAIAAAAkARAkAkRkhihikik
’

;foundation

gen 250,500 250,525 350,525 350,500 i=1,5 j=33,34
mei=1,4 =33

set gravity=9.81

save example8.sav
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6.000

JOB TITLE : example 8 (*1072)
L 6.000
FLAC (Version 5.00)
LEGEND
- L 5.000
10-Dec-11 22:09
step 0
-5.000E+01 <x< 6.500E+02
-8.750E+01 <y< 6.125E+02 | 4.000
Material model
] mohr-coulomb
M clastic a0
Grid plot
‘\\\\\\\\\\\\\\\\\\‘
0 2E 2
L 2.000
L 1.000
L 0.000

\ I
0.000 1.000 2.000 3.000
(*1072)

4.000

5.000
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JOB TITLE : example 9

(*1071)

FLAC (Version 5.00)

LEGEND

10-Dec-11 22:26

step 0

-2.000E+00 <x< 3.800E+01
-7.875E+00 <y< 3.212E+01

Material model

. elastic

Grid plot

0 1E 1

. 3.000

. 2.500

L 2.000

. 1.500

L 1.000

. 0.500

. 0.000

L -0.500

0.250 0.750 1.250 1.750
(*1071)

2.250

2.750

3.250

3.750
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g 8580

; *kkkkkkk 1************************************
gen 0,0 0,6 36,6 36,01=1,31 j=1,6

mod el i=1,30 j=1,5

; ********2***************************
gen 0,6 0,12 36,12 36,6 i=1,61 j=7,17

mod el i=1,60 j=7,16

; ********3*********************************
gen 24,12 24,24 36,24 36,12 i=65,85 j=18,38

mod el i=65,84 j=18,37

; **********4***********************************
gen 12,12 14.5,18 24,18 24,12 i=1,41 j=18,38

mod el 1=1,40 j=18,37

; *********5***********************************
gen 14.5,18 17,24 24,24 24,18 i=1,65 j=39,79

mod el i=1,64 j=39,78
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P S e e . o . Do 1 *hkkhkErkhkErkhkkrkkhkkrkkhkkrkkhkkrkkhkkikkhkikkhkikkhkikkhkikkhkikkikik
foundation

gen 20,24 20,24.25 21,24.25 21,24 1=1,5 j=80,81
mod el i=1,4 j=80

[ RrFFRRAER*poundary conditions* xRk
fixxi1=1)=1,6

fix x 1=1j=7,17

fixx1=31j=1,6

fix x 1=61 j=7,17

fix x 1=85 J=18,38

fixyj=11=1,31

IR R R T S P P S P P e P P R P S P T S P P S P P S P S P P S P P e P P S P S P P S P P e P 3
’

save example9.sav
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Vel

| 0.250
< N
™~ ~
L -0.250
\ oo
L -0.750
\ \ \ \ \
0.250 0.750 1.250 1.750 2.250

(*10/2)
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config
g 5012

gen 0,0 0,25 250,25 250,0 i=1,51 j=1,6
model el 1=1,50 j=1,5
pro dens 2000 shear 9.4e6 bulk 2 82e71=1,50 J=1,5

gen 100,25 122 5,60 127.5,60 150,25 i=21,31 j=6,13
model el 1=21,30 j=6,12

pro dens 2000 shear 9.4e6 bulk 2.82e7 1=21,30 j=6,12
fixxi1=1j=1,6

fix x 1=51 j=1,6

fixyj=1

set gravity 9.81

solve
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