I GiD-GeMA Plugin: L tecarAe
Reference Tutorial PUC-RIO

Tecgraf Institute — Modeling & Multiphysics Simulation Group — July 2018



] Generalities

» GID is an interactive user interface employed for definition, preparation and visualization of all the data associated
to a numerical simulation. In this sense, it is necessary to define the geometry, materials, conditions and other
parameters in order to generate a mesh suitable for several numerical methods such as Finite Element Method. In
addition, GIiD can be customized and configured by users for the generation of their own solver modules.
Therefore, it is possible to set GeMA problem type into GiD interactive system.

» GID-GeMA is a plugin defined as a preprocessor for GeMA Multiphysics framework. Several functionalities can be
performed by using this extension, including the creation and attribution of cohesive interface elements into a finite
element mesh developed by GiD. In addition, the plugin supports three types of model configuration: mechanical,
hydraulical e hydro-mechanical (2D and 3D examples). Therefore, it is possible to execute the finite element
analysis, especially in cases involving fracture modeling, such as fault reactivation or hydraulic fracturing
problems.
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I Example set purpose

» In this tutorial, there are described examples for execution of GiD-GeMA plugin. Some of the explanations of these
tutorial are related to:
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. Example 1 — Mechanical Test — 3D

Parameters Example 1
Young’s modulus, E(kPa) 1.00E+06
Poisson’s ratio, v 0.25
Applied pressure load, P (kPa) 1000
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I Steps — Problem Type and Materials

(2) Generate Material

(1) Problem type

Geometry  Utilities IData] Mesh  Calculate Help

| | @ .\3“@ :@g .{ Problem type P Layer
Utilities [Data| Mesh Calculate Help condvors Y
5 '\_@_b: 4_ abaqus | @ ? Interval data
| - anzyzhh 3 [B Prablem data .
Conditions ’ u Caltep Data Linits (a) Sel_eCt the material \ 2 R
Materials ] R , tereal , | button in the menu bar \e{\'b {5@(\ ®f3\e
Interval data g u Fluert Local axes » A{S\Q \§®% ’.\86\,\ 6\6 o
B Poblendata | [wigema Y o O e
Data units L kratos
Interval s R \ i i @ ‘ O‘ K‘ EIH "? ‘.ﬁv‘
M SAP2000 _ . . _
Mechanics | Hpdraulic data |
Local axes r
Tranzfarm... _
L Intemet retrieve. . AM getec
Load.. ype Name:| CONTINUUM ¥
Unload MechanicalModet|  Elastic ¥
Debugger... £l1e8 kPa
ru 0.25
thickness 1.0 1]
(b) Write down the
elastic properties
dssign "': Draw "’”Llnmm V[Emharw
(c) Click on Assign Paints | Cose |
Cloge
button and select Lines
“Volumes” - Surfaces

| Volumes
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j Steps - Load

(4) Boundary Conditions

(3) Pressure Load

Geometry Utilities [m Mesh Calculate Help Geometry  Utilities [ Data | Mesh Calculate Help
[l
| e Z@_t% ‘_I Froblem type  * g Laper(] ; | oo ‘oo __@%ﬁ_____lt-I Problem type ¥ g Layer
Conditions Eoundary Conditions Conditions Eoundary Conditions
Materials » Concentrated Load Materials g Enncentrated Load
resgure
Interval data 2 Eressure 4F] Interval data ' Concentrated Flow
oncentrated Flow Prablem dat
[E Probler data EE 1o em. = Pare Pressure
Dat " Fare Preszure D ata units )
ata unitz Interface M aterisl Interface b aterial
| nterval »
3
Irteryal Boundary Conditions @
R S
Local axes » Pressure @ HeeEl|HEs & W |
\l:ﬁl Surfaces-Fived-Dizplacement - @ -
Surfaces pressure - .@ - Label: Constrain
Labet:dsload_S K] % Directian
Pressure; | -1000) kFa Uz m (a) Apply the
X 'Y Direction corresponding BCs
dy 0 m
X Z Direction
Jz/0 m

(a) Assign the pressure load
in the top surface of the
. . " . Agzign Entities hd Draw hd Unassign hd
model, selecting the Entties ¥ | Draw ¥]|Unassign ¥ (b) Assign boundary
corresponding entities.

AN
*

/ LCloze

Cloze conditions
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I Steps — General Problem Data

. GiD x64 Project: cargatop (GeMa)
(5) Set the general Files View GE:T\etLUtilities Data Mesh Calculate Help
problem data O© QG @ Povmore P oo
ﬁ ® Conditions L4
Materials L4

ﬁ E Interval data L .
=Y [ = Problem data (a) Select the problem data icon
~ @ Data units
E '\- Interval L4

iE.L Local axes L4
» Problem data

2
X2 3~ W8~

General data Mumerical Sohver
General data l Mumerical Solver
solver Opticns: transient nenlinear b

description Fem-Model created in GID-C
rmechanic tolerance 1e-5

Autorun GeMa:

type Namey PLANE STRAIN

hydraulic tolerance| 1e-3

2 timeMax 129 g
coParametric: (b) Select the analysis type (plane
- strain, plane stress) and also the timelnitinc|1 + (c) Setthe tolerances and some
Element Rules: | DEFAULT ¥ » P solver options for the analysis
integration rules for the GeMA timeMininc|0.01 '
ana|ysis_ timeMaxlnc 1e6 5

iterationsMax 15
eulerTheta 1

Mewton Raphson Solver full bl

Accept Close

Accept Close
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l Steps — Mesh and GeMA input files

(6) Generate mesh and GeMA input files

. GiDr =64 Project: cargatop (GeMa)
Files View Geometry Utilities Data Mesh Calculate Help

O @ g | "?@%i@é'—l—’ ‘ i Unstructured

Structured

c@ . SermiStructured

v v v v

Cartesian

Boundary layer r

Cuadratic type »
""" Element type r
Mesh criteria L4
Rezet mesh data

Draw L4

-
=l
T
$
< O ommmemen. g
B
<
o
2

Erase mesh
Edit mesh L4
Show errors...

Yiew mesh boundary
Create boundary mesh

Mesh quality...

Mesh ocptions from model
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. GiD x64 Project: cargatop (GeMa)
Files View Geometry Utilities Data Mesh  Calculate  Help

O P QR R | i = EGETINSY ¢ | @ 2

Calculate remote

o2 e

Cancel process
W View process info...
Calculate window...

NN

N Click on ‘Calculate’ to
generate GeMA input files

GeMA files are

[j hexa.lua
created

" | hexa_model.lua

' ] hexa_solution.lua
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Example 2 — Hydraulical Test — 3D

Parameters Example 2

Hydraulic Permeability in x, k (m/s) 1.16E-05

Specific weight of water, y,, (KN/m3) 1.00E+01

im Bulk modulus of water, K,,,, (kPa) 2.20E+30
Porosity, ® 2.00E-01

Distributed pressure load at top face, P (kPa) 1.00E+01

Pore pressure in the top surface, p (kPa) 1.50E+01
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I Steps — Problem Type and Materials

(1) Problem type

Utilities IData] Mesh Calculate Help

(2) Generate Material

A

e e
Py ansyzah r
Conditions r 11 Caltep
M aterialz r Examples 4
Interval data " Fluent
EE Problern data _
Diata units L kratos
Interal r K3 OpenFoam
3 SAP2OO0
Local axes r
Trarzform...
L Inkemnet retrieve. ..
Load...
Unload
Debugger...
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(a) Assign hydraulic
properties

Material =

L]

Materiah1 O K[l e |2

Mechanics [ Hydraulic data

X/ Hydraulic Method:

m
Hydraulic permeability| 1.15741E-5 =
s
Fluid bulk madulus| 2.2E+30 kPa
kN
Fluid specific weight 10.0 3
Poragity| 0.2
Pore compressibility| 0.0 kPa'1

Hydraulic Model: Saturated hd

Draw hd Unazzign hd Exchange

Lloze
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| Steps — Pressure Load and Boundary Conditions

(4) Boundary Conditions

(3) Pressure Load

I[}ata Mesh  Calculate  Hel
= Data Mesh Calculate Help
Problem type

Prablem type ¥ Layer] - | e@ ?
Boundaries Conditions
Materials Concentrate Load
Interval data 4

b aterials 3 Concentrate Load
Intereal data 3 _ Pres
Eﬁ F Concentrate Flow i e £ @ [ Problem data e
roblem data Interval 3 Boundaries Conditions
Data writ Pore pressure ) .H -
5ia units Interface M aterial Local axes ' 25 @ (
|rkeral . Surfaces pressure v @ i Surfaces-Fixed-Displacement - @ hd
Label: | dzload_S Label: Constraint
Local axes » A
Pressure:-10 kFa % X Direction
M Y Direction
¥ Z Direction
Azzign Entities Draw | Unassign Assign gifis & L= i =
Cloze
Cloze
(a) Assign pressure load (a) Assign boundary
in the top surface conditions
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| Steps — Pore Pressure

(a) Active the “Pore matrix” label and
write down values of pore-pressure

(in kPa)
(5) Apply pore pressurein | Data | Mesh Calculate Help Pore pressure =
the top surface Problem type ¥ g Layerd [N < [
- Surfaces Pore - k? @ -
Conditions Boundary Conditions
b aterials 2 Concentrated Load ' Labek:|pore-1
Interval data 4 Pressure ] Pore matix
EE Problem data Concentrated Flow Pm 15 kPa
Data units Faore Pressure Pore fracture
Interface Material
Interval 4
Local axes »
| Azzign Entities hd Diraw hd Unaszign ¥
Cloze

(b) Assign the pore pressure values
in the correct region of the model,
selecting the corresponding surface
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I Steps — General Problem Data

(6) Set the general
problem data

ds
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. GiD x64 Project: cargatop (GeMa)

Files View Geometry Utilities | Data

Mesh  Calculate

Help

(a) Select the problem data icon

OB OIRD G ronine *h [y
Conditions 4

ﬁ hd Materials 4

ﬁ @ Interval data L4

=Y [ B Problem data

@ Data units

-

&a '\- Interval 4

? ;Ea. Local axes 4

Problem data

General data | Mumerical Solver |

dezcription| Fem-todel created in GID-GeM
Autorun GeMa:

tupe Mame: a0 v

isoP arametric:

Element Rules: DEFALLT w

(b) Select the analysis type (plane

strain, plane stress, 3D,
axisymmetric) and also the

integration rules for the GeMA

analysis.

A2 >

Accept LCloze

Problem data

General data Mumerncal Solver

zolver Options: tranzient nonlinear
mechanic tolerance 1e-5

hydraulic tolerance 1e-5

tirnebd 2| BOG 5
tirnel it e | 1 5
tirnetdinl iz 0.01 5
timetd axlnc 10 5

iterationzhdax 15
eulerThetal 1

Mewton B aphzon Saolver: full b

(c) Set the tolerances and some
options for the analysis.

K2 |~

Accept Cloze
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| Steps — Mesh

(7) Generate mesh and GeMA input files

‘l"" TECGRAF

Files View Geometry Utilities Data Mesh Calculate Help

Tl G | .\"’_\a .{ﬁ“a =) | i Unstructured *
O i ‘-I-' Structured L
<@ . SemiStructured L
Cartesian L
Boundary layer »
Cuadratic type *
e Element type *
; Mesh criteria r
Reset mesh data
Draw L
Erase mesh
Edit mesh L

Show errors...

View mesh boundary
Create boundary mesh

Mesh quality...

Mesh options from model
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Files VWiew Geometry Utilities Data Mesh

CEIRNRED B
o e
4

o
r

Calculate  Help

o8 Galeulste B - |

Calculate remote

Cancel process
W View process info..,
Calculate window...

Click on ‘Calculate’ to
generate GeMA input files.
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Example 3 — Hydro-Mechanical Test — 3D

Parameters Example 3
Young’s modulus, E(kPa) 1.00E+03
Poisson’s ratio, v 0.3
Hydraulic Permeability in x, k (m/s) 1.16E-05
1m Specific weight of water, y,, (KN/m3) 1.00E+01
Bulk modulus of water, K,,,,, (kPa) 2.20E+30
Porosity, ® 2.00E-01

Distributed pressure load at top face, P (kPa) 1.00E+01
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I Steps — Problem Type and Materials

(1) Problem type (2) Generate Material

Material E
Utilities | Data | Mesh Calculate Help Material-1 B RSP SUCENLY=/ R
5 “_@:b: 4_ abaqus Hydraulic data |
T anzyshh 3 _ N
Conditions 3 u Caltep X Mechanics Method:
k aterials k Examples b ) ) type Mame:|  COMTINUUM — w
Interval data ] u Flugst (a) ASSIgn meChanlcaI Mecharizal Madel: Elastic hd
(Brotlendas | emam properties ) L
C'ata units | kratos hu 0.3
OpenFoam tickness 1.0 m -
IEEE r £1 0 =l
O OSAPZ000
Local axes [ ] Draw % Unaszsign ™ Euchanc
Transform...
L Intemet retrieve. . Clase
Load...
|_|n||:|ad Material
Debugger... Material1 Jl e Kl e ey
Mechanics
Select GeMA problem X Hychaulc Method:
Wpe Hydraulic: permeability 1.15741E-5 g
Fluid bulk modulus | 2. 2E +30 kFPa
b) Assign hydraulic KN
( ) progpert?/es ‘ Fluid specific weight| 10.0 3
Poragity| 0.2
Pore compressibility | 0.0 kPa'1
Hydraulic Model: Saturated hd
Draw hd Unazzign hd Exchange
Lloze
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| Steps — Pressure Load and Boundary Conditions

(3) Pressure Load (4) Boundary Conditions

[Data | Mesh Calculate Help f[}ata| Mesh Calculate Help
Problem type  * h Layerd - ‘({fg P Prablem type 'E Layerd

@

Conditions Boundarny Conditions Conditions B oundary Conditions
M aterials »|  Concentrated Load b aterials b Concentrated Load
Interval data L4 Eressure B Pressure @ Irterval data » Pressure Boundaries Conditions
ancentrated Flow S
Problem data Concentrated Flow . :
E . Pare Pressure \ |<:')| EE Problerm data RIS S i
D ata units . ) Pore Pressure : :
Interface Material Data units . Surfaces-Fixed-Displacement - &) -
Surfaces pressure - @ - |nterface b aterial
Intarval 4 [terval » Label:| Constraint
Local axes 5 Label: | dzload_S % ¥ Direction
Pressured 10 kFa Local axes r X ¥ Direction
X Z Direction
Agzzign Ertities ™ Draww ™ lnassign ™ Assign Entities i Draw ¥ | Unassign ¥
Close
/ Cloze /

a) Assign boundar
(a) Assign pressure load @ cor?ditions !

in the top surface
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I Steps — General Problem Data

(5) Set the general
problem data

ds
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Project: cargatop (GeMa)
Mesh  Calculate

[ GiD x4
Files View Geometry Utilities | Data

Help

(a) Select the problem data icon

OB OIRD G ronine *h [y
Conditions 4

ﬁ hd Materials 4

ﬁ @ Interval data L4

=Y [ B Problem data

@ Data units

-

&a '\- Interval 4

? ;Ea. Local axes 4

Problem data

A2 >

General data | Mumerical Solver |

dezcription| Fem-todel created in GID-GeM
Autorun GeMa:

tupe Mame: a0 v

isoP arametric:

Element Rules: DEFALLT w

(b) Select the analysis type (plane
strain, plane stress, 3D,
axissymetric) and also the
integration rules for the GeMA
analysis.

Accept LCloze

Problem data

General data Mumerncal Solver

zolver Options: tranzient nonlinear
mechanic tolerance 1e-5

hydraulic tolerance 1e-5

tirnebd 2| BOG 5
tirnel it e | 1 5
tirnetdinl iz 0.01 5
timetd axlnc 10 5

iterationzhdax 15
eulerThetal 1

Mewton B aphzon Saolver: full b

(c) Set the tolerances and some
options for the analysis.

K2 |~

Accept Cloze
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| Steps — Mesh

(6) Generate mesh and GeMA input files

Files View Geometry Utilities Data | Mesh Calculate Help

A e Unstructured LR
O @ G | '\@'\% ::_]‘-I_' | i Structured L4
<@ . SermiStructured L4
3

Cartesian Files View Geometry Utilities Data Mesh Calculate Help

Boundary layer b O@ﬁl%'\?@i@;@'$|é#_ v |@?

Calculate remote

Quadratic type 4 C@ ®
i Element type r Cancel process
Mesh criteria r IE W View process info..,

Calculate window...

Draw L4
Erase mesh Click on ‘Calculate’ to run the
Edit mesh ’ analysis.

Show errors...

Rezet mesh data ﬁ
-

View mesh boundary

Create boundary mesh

Mesh quality...

Mesh options from model

XIBOLIO )/ INSHE®
PLIAAT QR i ® K

.—H
-
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| Gid-GeMa including interface elements

RGENERAL DATA

HECIN
1086

$FACE DATZ
iface
1

EHODES
ID

$ELEMENTS
6400
Ielem
1

HELEM WHLTS WDIME NHOMLRY NELINT
362 3 2 3 515
Lmat Lcodeh Leodem Loodet nnoface nmnofacec ngauss no(l) no(2)
3 1 4 1 2 2 2 594 604
X b z
-5.243260 -2.3594710 0.000000
Conectivities Lmat HNnom Nnof
le724 16770 16772 16741 16745 1e774 16775 16761 1 8 B

M I
mai
Praprocass Gilr
M I
prb
—n =
— J
[N Prajes A das
Jbak 1
Results file Postprocess Paostprocess mesh files (old farmat)
mesh file
it fodmiat) 3D I 20

]

peoject_narme flmveres.

proptsc_nam llavia bon

B

progelrama Favia, maeh

]

prajec!_nama. llavia meh

peopnc_nama. lavia dat

ds
P TECGRAF
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Pasiprocess GiD

TECC OuP

F/COMPUTATIONAL GEOMECHANICS
bl
Code for creation of i

in GID

File with the created interface
elements

IntMesh.lua




. Example 4 — Mechanical Test — 2D

P =1 kPa
A T T Path T A
| 1/ —
: P,=1kN
W
? < Matrix Parameters Example 4
= i Young’s modulus, E(kPa) 1.00E+06
= ! Y Poisson’s ratio, v 0.2
- : —- Normal stiffness of fracture, k, (kPa/m) 1.00E+05
Tangential stiffness of fracture, k,(kPa/m) 1.00E+05
; ‘> Fracture spacing, s(m) 10.0
| | — Fractures
| |
iy ri = i
-5
| 100 m
i
P TECGRAF PUC



| Steps — Problem Type

) ) )
IHEEINERNIIERN
(1) Set the GeMA problem type (2) Duplicate the nodes from lines %%%% %%% %%%%
mow | e INEEIIEENIIEEE
ngﬁ (Dota) Mesh_Goleiate Help OB OIDREE g s eI IHENIIEEEIIEEN
XL e 2ls INNZIIE RN
EZT::::S : O Ealtepl : ;‘; 2 iff"; INEIIEENIIEEN)
samples = Element type
Iterval data ¥ 20 Fluenr ‘2 E Re;m:hdata Defaut D D D‘ H ‘D D D UU D D D D
[ Problem data v Gema ‘s i HRIIEREIIEEN]
Data units " kratos N < e e e NN
el | I OperFoam o o
e X SAP2000 =g F—
Local awes b —— ‘C‘} 1 Create boundary mesh
h * Mesh quality...
| Intemnet retrieve. . ‘Hz Mesh options from mode!
Load... 3¢
Select GeMa problem Do g‘.p&
type Debugger... %

In this model, the straight lines

represent fractures, and they

need to be duplicated in order
to generate the interface

elements.

Select the lines in the
model that will represent

I_. the fractures.
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| Steps — Material

/ Create new material

Material

(3) Generate material L T FNO|K (= e 2

Mechanics l Hydraulic data l

X| Mechanics Method:

type Name:] CONTINUUM

Files View Geometry Utilities Data Mesh Calculate Help Mechanical Model: Elastic ~ *

SRR YRR Problem type ¥ Layer0 E|1e5 kPa
" |

{@ ® Conditions F nu|0.2

tickness 1.0 m

# (a) Create a new material for the

» |4 SREDEs solid elements

{;@ = [E Problem data Assign = ¥ Draw ¥ || Unassign ¥ | Exchange
@ Data units

i

E 'x- Interval k
E. »

/‘ ;.E;. Local axes

% & N

N &

OO0 00000
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| Steps — Material

(3) Generate material

Files View Geometry LUtilities

Data Mesh Calculate Help

O T {3 | %@E@%q—} Problem type

2 e

1@ ®
R@EIE & | K]

‘l"" TECGRAF
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]

Conditions

b

LayerD

e

Interval data r
[H Problem data

Data units

Interval L4

Local axes L

(c) Create interface material,
define its interface properties and
save

Create interface material and save it

Material
interface - @ O x RN - ars/E
Mechanics ] Hydraulic data ]
X Mechanics Method:
type Mame: | INTERFACE W
Interface Law: linear elastic hd
kFa
Kn|Zed —_—
m
kFa
Ks Ted —_—
m
kFa
Kt 0.0 —_—
m
tickness 1.0 m
Assign - Draw - Unassign ¥ Exchange
Close

PUC



| Steps — Conditions

Interface Material n

(4) Attach conditions for the

interface material Interface Line Rock _ < i
Interface materia ]

Geometry Utilities | Data | Mesh Calculate Help

; | % % :@% Prablemn type  # Layerl Assign Entities — Draw — Unassign —
Boundary Canditions
b aterials 3 Concentrated Load Close
Irterval data  # Pressure
EE F'ru:ul:ulem_data EE?;E_T;::E:IEHDW
PRI intetace Materal =)
Interval b (a) Assign the interface (b) Verify if the
material into the lines attachment was done
Local axes r correctly
A
L] L L
Nl L L
Nl L L
Bl L
L B intertace

:s-: TECGRAF PUC
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| Steps - Conditions

o (GeMa)
@ | Mesh Calculate Help

(4) Attach conditions for the interface @ Ursvucured

Structured

m a.t e r I al SemiStructured

Cartesian

- v v v

-

Boundary layer

Quadratic type 4
Element type 3
Mesh criteria 4
Reset mesh data

Sizes L4

MNurm of divisions
Element type L4
Mesh / Mo mesh L4
Structured type r
Skip entities

Q}: Generate mesh... Ctrl-g
Erase mesh
Edit mesh L4
Show errors...

View mesh boundary

Create boundary mesh Force points to L4

Boundary layer

Mesh lity...
SHUGHELY, Unstructured mgsher

Mesh options from model T A A .
l (c) Duplicate interface material
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| Steps — Constraints

!Data Mesh  Calculate Help

1 Probler type ¥ E Layperd

==pommraTet Conditions
(5) Apply the boundary conditions of | Condiions  Boundary Condiions 3 i [
b aterials 3 Concentrated Load
th e p ro b I em Interval data v Pressur & Lines-Fixed-Displacement - -
EE Problem data Concentrated Flow Label:| Constrain
. Pore Pressure —
Data unitz . X X Direction
Interface Material
x| 0
Irkeryal » * m
X ' Direction
Local axes » uylo i
Z Direction

(a) Assign boundary
conditions

(b) Verify if the boundary
conditions were correctly
represented in the model

NN

1l
[
1l

1
]
[
[
1l

[ constrain 1 0m 0 0m 0 0m
D Constrain 1 0m 1 0m 0 Om

C O - JC i 1 Jf JC 1
IR EEENN
INNNENE NN
INNNE NN
INEEEEENNN
IR EEN
I

I () ) A A

Nl
Nl
HilEN
HilEN
HilEN
NN
NN
i
N

(N
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| Steps — Pressure Load

Files View Geometry Utiliies Data Mesh Calculate Help

(6) Apply pressure load 0B QIR RIR G Potimtpe t )y [y C @9

ﬁ . Cnmﬂlnns Boundaries Conditions

E; T (a) Write down the labels and values

) e | e of pressure (in kPa)

ng - — | Interface Matlarirar\

g R. Pressure

-E Local axes

b R[>

i & Lines press @ -

}\# (b) Assign the pressure =]

& % load in the correct Pressr= {10 . Verifv if th

= 1 reglon Of the mOdeL Assign Entities hd Draw hd Unassign hd (C) erlfy I t e

A . = : e E pressure load was

o * selecting the o )

. corresponding lines correctly incorporated
to the model

NN

1
|
1
1
1
]
]
]

L L 0 o JC e JC JC_1J

IHEEEEEEEN
IHNEEEEEEN
IHEEEEEEEN
IHEEEEEEEN

L L 0 I Jr Jr Jr Jr 1

L
LA
AN
AN
L
L]
LC ]
NN
I

] dsload 1 100kPa
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I Steps — General Problem Data

Files View Geometry Utilities | Data  Mesh Calculate  Help
(7) Set the general A e
problem data O ® 0| RRIgd Povemone * b e
(@ ® Conditions L4
Materials L4
é@ |Z Interval data L4
=Yy [ = Problem data (a) Select the problem data icon
—~ @ Data units
-&, "‘-. Interval L4
?. lE‘ Local axes L4
Problem data
N D
LYSIEi g
General data Mumerical Sohver
General data | Numerical Sohver
description Fem-Model created in GID-C LRSS SR AT v
e GE mechanic tolerance 1e-3
type Name: PLANE STRAIN ¥ hydraulic tolerance| 1e-3
. . timeMax 1ed 5
p etric: q
sorerEmETE (b) Select the analysis type (plane P . (c) Setthe tolerances and some
Flement Rules: DAL strain, plane stress) and also the GrmeMEninclo o1 . solver options of the analysis.
integration rules for the GeMA _
. timeMaxinc| 1e6 5
analysis.
iterationsiax| 15
eulerTheta 1
Mewton Raphson Solver full hd
Accept Close
Accept Close
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| Steps — Mesh

(8) Generate mesh and GeMA input files

Files View Geometry Utilities Data Mesh Calculate Help

A el Unstructured L

O @ ﬁ | 6o oo __::“-}' | ﬂ Structured L
cﬁ ® SemiStructured L
[

Cartesian Files View Geometry Utilities Data Mesh  Calculate  Help

Boundary layer » O@Ql%%:@$|é#_ v |@?

Quadratic type r Calculate rermote
“mm Element type C c@ ®
’ Mesh criteria »

Rezet mesh data cg@
2

®
i

Cancel process

IE W View process info...

Calculate window...

Draw L

b |
‘" Generatemesh..  Ctilg
Erase mesh Click on ‘Calculate’ to
Edit mesh 4 generate GeMA input files

Show errors...

Yiew mesh boundary
Create boundary mesh

Mesh quality...

Mesh ocptions from model

XIBEDID )/ @
L9 AATRRF i ® |
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Example 5 — Hydro-Mechanical Test — 2D

P =100 kPa

L]

: "Draining fop surface : T Parameters Example 5
B T T T o S T : Young’s modulus, E(kPa) 1.00E+05
i ! ! i i 1 i Matrix
___i______i ______ L P oo < :__‘_%‘ Possion’s ratio, v 0.2
T Normal stiffness of fracture, k (kPa/m) 2.00E+04
= L LS T S :L,:rac{HFel:______i__ Tangencial stiffness of fracture, k(kPa/m) 1.00E+04
om 2 Q, i i i e i i Q = Hydraulic permeability of the matrix, k., (m/s) 1.00E-11
= R e - oo CELEEE F----- 4---e- % Fracture aperture, bx=by(m) 4.9e-4
g 3 Relative compressibility, g;, = f,,(1/kPa) 0
I S P Pt 1T SN E Fluid viscocity, u (cp) 1
i i i i i i i Fracture spacing, s(m) 1
R i i [ Specific weight of water, y, (KN/m3) 10
g SR Analysis time, t(s) 1.00E+09
Undrained base
‘ 12m
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| Steps — Problem Type

L] I |1 (] I
(1) Set the GeMA problem type (2) Duplicate the nodes from lines
Files View Geometry Utilities Data = Mesh Calculate Help
Utilities | Data | Mesh Calculate Help CEaRERd| & Jretructured T # 2 — 1 — ———
e e .. »12 ' 14N i
Mo b oundary layer 4 — — S p—
EDndIFIDnS E Ealtep ﬁ Quadratic type 4
b aterialz » Examples b ;‘; ----- o » Z
Default L3
Interval data ¥ |50 Flyent ) CEE e , f— — —
[H Problem data [ gema = — s | Dot
¢ Generate mesh... rl-g ault mes| 4
Data unit | kratos ~ Erse meh Skip ' L] L _— [
it mes| 4 .
|r|tEr"."a| 3 E DFIE!FIFI:IEII'H @ Show errors... ::t:»l::}at\cskip : \:l ‘ lj I:I | | | l:l \:l | D
:“: 5.&P2|:||:||:| {5 View mesh boundary Skip by...
Create boundary mesh e
Local axes » Transform i —
E |r|tE”"IEt fE-'tfiE!"\"E... ‘_E Mesh optiens from model Mo Duplicate 4 Q Surfaces
Load... X, '
Unlaad &,
Select GeMa problem Deb -
enDugger... %

In this model, the straight lines

represent fractures, and they

need to be duplicated in order
to generate the interface

elements.

Select the lines in the
model that will represent

I_. the fractures.

type
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I St e p S - M at e r I al (a.2) Save material (a.1) Create new material
Material j /

(3) Generate material Rock - '7(’ =] || w2 || 8 ~

Mechanics l Hydraulic data l

X| Mechanics Method:

type Name:] CONTINUUM

Files View Geometry Utilities Data Mesh Calculate Help Mechanical Medel Hlastic ¥

T b E/1e3 kPa
O ] @ | ‘e® ‘od i@_% 4{ Problem type LayerD =
Conditions L .
. tick 1.0 m
P e # (a) Create a new material for the e
o A Interval data  » solid elements
{5;) — EE Problermn data Assign hd Draw b4 Unassign ¥ | Exchange
— @ Diata units 5
Close
E "\. Interval L4
E. Local k
/‘ £ ocal axes
@ & L] | |_| |_| [ |]1 | |_| |_| [ L]
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| Steps — Material

Material n

7( Eline || @~

Mechanics Hydraulicdatal

Rock hd

(3) Generate material

% Hydraulic Method: =l
Hydraulic Model:
Hydraulic permeabili‘t},r ?
Files View Geometry Utilities Data Mesh Calculate Help Fluid bulk modulus kPa
e T kM
O @ Q | % '\& :9—?‘ ‘{ Problem t}"pE d LEFEFD Fluid speci‘ficweight E
Conditions r -
2 e (b) Set hydraulic data for the =B |
. . Pore compressibility 1.44e-6 1 =
o A Interval data v Rock material, following a prsbily|ities ] ipa ~!
{@ — Problem data hydraulic saturated model asign v | Dew v | Unssign ¥ | Bchange
ﬁ ) Data units E‘:E”;
N | L ' [ Snfaces ] Assign properly to the surface
0 = e e ’ the rock properties.
/a —i
Ly %

& Rock
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| Steps — Material

(3) Generate material

Save material
Create interface material

Material
Files View Geometry LUtilities Data  Mesh Calculate Help J interface O | K || w2 |8~
i E Material
O @ ia | Fl@% :t-d‘;;% e ‘% Problem tjpr ’ LE}"EI"D - = Mechanics  Hydraulic data l
— Condits Y interface - @ O x @ |8~ X Hydraulic Method:
{@ . onditions Rechaies ]Hydraulic data 1 Hydraulic Model:
ﬁ IE _ ‘ X Mechanics Method: uf | 1.0E-6 kFas
O(:iﬂ) - EE F‘roblem data . . Interface Law: linear elastic hd : 0
) Data units (c) Create interface material, on e noonsoz: [
?gﬂ', define its interface properties and Kni2e T o i
o 3 kPa:
'\- Interval save i KPa s
m m
Q -E- Local axes r kPa (! kPa's
— Kt 0.0 —
,0 m Initially cpen:. YES *
© & tickness| 1.0 m
.\' & Assign N Draw hd Unassign ¥ | Exchange Assign hd Draw hd Unassign ¥ | Exchange
Close Close

%= Tecaune PUC




| Steps — Conditions

Interface Material n

(4) Attach conditions for the B

interface material Interface Line Rock _ < i
Interface materia ]

IData Mesh Calculate Help

Probler type ¥ Laperl : = :
Assign Entities - Diraw i Unassign b
Boundary Conditions
b aterials » Concentrated Load e
Interval data  » Pressure
EE Problem data Concentrated Flow
. Pore Preszure
ata it  Inteface Material
Interval > (a) Assign the interface (b) Verify if the attachment
material into the lines was done correctly
Local axes »

[ [ | .interlaoe
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| Steps — Conditions

o (GeMa)
T . @ Mesh  Calculate Help
(4) Attach conditions for the interface o Ursucures - w2
Structured L4
material s .
Cartesian L4
Boundary layer 3
Quadratic type 4
Element type 3
Mesh criteria 4
Reset mesh data
Sizes L4
< Generate mesh... Ctrl-g MNurm of divisions ,
Erase mesh e
Edit h b Mesh / Mo mesh 4
Shl r!'1es - Structured type 3
e Skip entities
View mesh boundary
Create boundary mesh Force points to L4
" . Boundary layer
Mesh quality.. Unstructured mgsher

Mesh options from model T A A .
l (c) Duplicate interface material
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| Steps — Constraints

[Data] Mesh Calculate Help

Problem tppe ¥ h Layer
(5) Apply the boundary conditions of _W ERE
th e p ro b I em m?;i:::lzata , Eree Lines-Fixed-Displacement - @ -
Concentrated Flow Label: Constrain
Ee F'n:ul:ulem.data Pore Fressure e
Data units X Direction
Interface Material o m
ntzria) d XY Direction
Local axes L4 Uy 0 m
Z Direction
i T
Close
(a) Assign boundary
conditions o
(b) Verify if the boundary
I I I ) conditions were correctly

] \ [ ] ] represented in the model

0

g
I
i

[ Constrain 1 0m 0 0m 0 Om
] constrain 1 om 10m 0 0m
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| Steps — Pressure Load

E[}ata Mesh Calculate Help

(6) Apply pressure load Froblem type  » Layerl
Conditions Boundary Conditions (a) Write down the labels and values
M aterials | Concentrated Load —_— of pressure (in kPa)
Pressure e
Interval data L4
Concentrated Flow Q
[“H Problem data :
Dat " Pare Prezzure Lines pressure - @ -
ata Lnit Interface katenal Label:| dsload_1
Interval 4 Pressure: 100 kFa
Local aves * Assign tntiies v)| Diaw v Unessign (c) Verify if the
f e pressure load was
/ - correctly incorporated
to the model
_ ] [ I 1
(b) Assign the pressure [ [ | ] B
load in the correct

region of the model, = —
selecting the
corresponding lines —

INE
|
L]
‘I

-
|
L |
|
=i
|
-

]

[ dsload 1 100kPa
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| Steps — Pore Pressure

(7) Apply pore pressure

(b) Assign the pore pressure values |
in the correct region of the model,
selecting the corresponding lines —

‘“' TECGRAF

PUC-RIO

EData Mesh Calculate Help

Pore pressure

Ju

(a) Write down the labels and values
of pore-pressure (in kPa)

M LYaiE=iig

Close

(c) Verify if the pore pressure load was
correctly incorporated to the model

Prablem pe L Layerl
Lines Pore
Conditions Boundary Conditions Label: pore-1
I aterials k Concentrated Load X, Pore matrix
Interval data L4 Pressure Pm 0 kPa
EE Problem data Concentrated Flow PN
. Pore Preszure
[ ata units .
|nterface Material
Interval ] [Efil=
Local axes L
I il [

L

-

]
-

[ pore-1 1 0kPa 0 0kPa

PUC



I Steps — General Problem Data

Files View Geometry Utilities | Data  Mesh Calculate  Help
(8) Set the general A e
problem data O ® 0| RRIgd Povemone * b e
Conditions L4
ﬁ * Materials L4
é@ |Z Interval data L4
=Yy [ = Problem data (a) Select the problem data icon
—~ @ Data units
-&, "‘-. Interval L4
?. ;Ea. Local axes L4
Problem data
N D
LYSIE=ig
General data Mumerical Sohver
General data | Numerical Solver
description Fem-Model created in GID-C LRSS SR AT v
e G E mechanic tolerance 1e-3
type Name: PLANE STRAIN ¥ hydraulic tolerance| 1e-3
. . timeMax 1ed 5
p etric: q
sorerEmETE (b) Select the analysis type (plane P . (c) Setthe tolerances and some
Flement Rules: DAL strain, plane stress) and also the GrmeMEninclo o1 . solver options to run the analysis.
integration rules for the GeMA _
. timeMaxinc| 1e6 5
analysis.
iterationsiax| 15
eulerTheta 1
Mewton Raphson Solver full hd

Close
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| Steps — Mesh

(9) Generate mesh and GeMA input files

Files View Geometry Utilities Data Mesh Calculate Help

A el Unstructured L

O @ G | e oo __::“-I-' | i Structured L
cﬁ . SemiStructured L
[

Cartesian Files View Geometry Utilities Data Mesh  Calculate  Help

Boundary layer 4 O'@Ql%%t@%'{-’|é#_ v |@?

Calculate remote

©
N

Ir. @ Cuadratic type 4
5 > 2 e
'«- Element type Cancel process

0 E Mesh criteria » CSED IE W View process info...
’“ — Reset mesh data — Calculate window...
of & Draw » ngj 3
\ _‘& Erase mesh C“Ck on ‘Ca|CU|ate’ tO
NS Edit mesh b generate GeMA input files.
@ cﬂ Show errors...
. View mesh boundary
Q q Create boundary mesh
D_jj ’“ Mesh quality...
H! s Mesh ocptions from model
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